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PREFACE. 


Th£  excellence  of  the  series  of  monographs  issued  under  the  editor- 
ship of  Professor  Nothnagel  has  been  recognized  by  all  who  are  suffi- 
ciently familiar  with  German  to  read  these  works^  and  the  series  has 
found  a  not  inconsiderable  proportion  of  its  distribution  in  this  and 
other  English-speaking  countries.  I  have  so  often  heard  regret  expressed 
by  those  whose  lack  of  familiarity  with  German  kept  these  works  beyond 
their  reach,  that  I  was  glad  of  the  opportunity  to  assist  in  the  bringing 
out  of  an  English  edition.  It  was  especially  gratifying  to  find  that  the 
prominent  specialists  who  were  invited  to  co-operate  by  editing  sepanite 
volumes  were  as  interested  as  myself  in  the  matter  of  publication  of  an 
English  edition.  These  editors  have  been  requested  to  make  such  addi- 
tions to  the  original  articles  as  seem  necessary  to  them  to  bring  the 
articles  fully  up  to  date  and  at  the  same  time  to  adapt  them  thoroughly 
to  the  American  or  English  reader.  The  names  of  the  editors  alone 
suffice  to  assure  the  profession  that  in  the  additions  there  will  be  pre- 
served the  same  high  standard  of  excellence  that  has  been  so  conspicuous 
a  feature  in  the  original  Grerman  articles. 

In  all  cases  the  German  author  has  been  consulted  with  regard  to  the 
publication  of  this  edition  of  his  work,  and  has  given  specific  consent. 
In  one  case  only  it  was  unfortunately  necessary  to  substitute  for  the 
translation  of  the  German  article  an  entirely  new  one  by  an  Amencan 
author,  on  account  of  a  previous  arrangement  of  the  German  author  to 
issue  a  translation  of  his  article  separately. irom  this  series.  With  this 
exception  the  Nothnagel  series  will  be  presented  intact. 

ALFRED  STENGEL. 


EDITOR'S  PREFACE 


The  editor  of  a  work  is  justly  expected  to  defend  his  assumption  of  the 
position  and  to  explain  his  method  of  carrying  out  his  part.  As  to  the 
former,  I  may  say  that  I  gladly  accepted  the  task  of  editing  the  transla- 
tion of  the  heart  sections  of  Nothnagers  "Specielle  Pathologie  und 
Therapie,"  because  I  had  used  the  originals  with  much  interest  and  profit, 
and  because  I  appreciated  the  honor  of  assisting  in  presenting  the  work 
to  my  English  reading  colleagues. 

Several  excellent  works  upon  diseases  of  the  heart  have  appeared  with- 
in the  last  quarter  century  in  Germany  and  it  seems  strange  that  none  of 
them  was  translated  into  English;  especially  strange  when  we  consider  the 
many  and  important  contributions  made  in  that  country  to  the  normal 
and  pathologic  anatomy  of  the  heart,  the  physiology  of  the  heart  and 
circulation,  the  methods  of  diagnosis,  the  pharmacology  of  cardiac 
remedies,  and  the  application  of  nonmedicinal  measures  to  the  treatment 
of  patients  with  heart  disease.  To  be  sure,  all  these  discoveries  were 
available  to  and  utilized  by  American  and  English  writers,  yet  it  would 
seem  of  interest  to  see  more  directly  how  discoveries  so  important  would 
affect  the  literature  and  the  methods  of  treatment  of  those  to  the  manner 
bom.  This  can  now  be  done,  with  all  the  advantages  and  disadvantages 
of  collaboration,  and  I  think  most  readers  will  agree  with  me  when  I  state 
my  belief  that  the  lack  of  a  simple  division  of  the  material  and  a  common 
point  of  view  is  more  than  made  up  by  finding  in  one  book  the  sound  learn- 
ing and  wide  clinical  experience  of  Professors  von  Jiirgensen  and  von 
Schrotter  and  the  deep  and  broad  training  in  anatomy,  physiology  and 
pathology,  as  well  as  the  excellent  clinical  observations  of  Professor  Krehl. 

In  accordance  with  the  wise  view  of  the  editor  of  the  series,  I  have  not 
attempted  many  or  radical  alterations  or  additions.  I  did  not  wish  to 
change  the  native  flavor  of  the  work,  but  tried  to  secure  accuracy  of  lan- 
guage and  of  statement,  to  correct  the  few  verbal  errors  that  had  slipped 
into  the  original,  and  to  make  the  medicinal  preparations  conform  to  the 
U.  S.  Pharmacopoeia. 

Mattens  of  interest  brought  out  since  the  original  was  published  have 
been  added  in  brackets.  These  include  important  American  and  English 
contributions  which  I  trust  will  make  the  work  still  more  valuable  as  a 
work  of  reference.  I  have  found  nothing  that  seemed  necessary  to  omit, 
and  in  only  one  instance  have  modified  what  seemed  to  me  the  meaning 
of  the  author. 

George  Dock. 

Ann  Arbob,  January,  1908. 
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INSUFFICIENCY  (WEAKNESS) 
OF  THE  HEART. 

BY 
THEODOR  VON  JURGENSEN,  M.  D. 


INSUFHOENCY  (WEAKNESS)  OF 
THE  HEART 


"Apud  nos  olim  in  laesa  respiratione  vel  nunquam,  vel  perraro  audie- 
bantur  nomina  vitiatae  structurae  cordis  et  praecordiorum.  Modo  post 
obeervationes  saepenumero  institutas  in  mortuis  eadem  nomina  plus 
nimio  audiiintur  ac  timen tur  in  ^^ vis  ."*  Thus  spoke  Albertini ,  of  Bologna, 
in  the  year  1726,  who,  according  to  Morgagni,t  deserves  high  praise  for  his 
contributions  to  our  knowledge  of  diseases  of  the  heart. 

When  it  is  remembered  that  Harvey's  immortal  work,  "Exercitatio 
anatomica  de  motu  cordis  et  sanguinis/'  was  not  published  until  1628,  the 
ignorance  of  earlier  writers  does  not  appear  strange.  Until  some  insight 
was  gained  into  the  circulation  as  a  whole  anything  like  a  correct  knowl- 
edge of  diseases  of  the  heart  was  impossible;  for  that  implies  not  only  a 
knowledge  of  the  conditions  in  health,  but  also  the  knowledge  obtained  by 
the  examination  of  heart  patients  during  life  and  after  death. 

In  the  eighteenth  century  pathologic  anatomy  began  to  be  developed 
and  pointed  the  way  to  clinical  investigation. 

I  do  not  consider  it  necessary  to  describe  the  development  of  our 
knowledge  of  heart  disease  in  this  work;  it  would  be  a  mere  catalogue  of 
events  and  practically  devoid  of  interest.  For  the  earlier  periods  the 
work  has  already  been  done,|  and  Haeser§  has  given  a  complete  presenta- 
tion of  the  historic  development  of  the  knowledge  of  heart  disease. 

Gradually  we  have  progressed;  but,  as  in  every  other  field  of  learning, 
the  goal  is  still  remote.  Again  and  again  the  progress  of  human  knowledge 
suggests  other  aspects  of  vital  processes  which  compel  the  physician's 
attention.  Nevertheless  a  description  which  is  based  upon  and  includes 
only  clinical  observation  and  clinical  data  must  be  subject  to  many 
limitations. 

♦  "  Formerly  we  rarely  or  never  heard  the  tenns  injured  structure  of  the  heart 
and  precordia  in  cafles  of  impaired  respiration  (laesa  respiratio);  but  since  observa- 
tions have  been  made  time  and  again  on  cadavers,  these  same  terms  are  far  too 
much  heard  and  dreaded  in  the  living." 

t"De  Sedibus  et  causis  morbonim  per  anatomen  indagatis/'  Epistol.  xvii,  art. 
5,  where  the  above  quotation  occurs. 

t  Blartini,  "BeitrSge  zmt  Geschichte  der  Lehre  vom  Herzen  und  den  Herzkrank- 
heiten  von  den  frQhesten  Zeiten  einer  wissenschaftlichen  Medicin  bis  zur  Begrtindung 
der  Lehre  von  den  Herzkrankheiten  durch  Senac/'  Berlin  dissertation  under  the 
direction  of  A.  Hirsch  (1869),  with  an  accurate  list  of  authorities  and  many  quota- 
tions. 

{  "Lehrbuch  der  Qeschichte  der  Medicin/'  vol.  ii,  third  edition,  Jena,  G.  Fischer, 
1881.    rSee  also,  "Historic  Outline  of  Cardiac  Pathology,"  etc.,  by  C.  N.  B.  Camac, 
**Bulletm  of  the  Johns  Hopkins  Hospital,"  February,  1904.— Ed.] 
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18  INSUFFICIENCY  OF  THE  HEART. 

Can  we  speak  of  a  disturbance  sui  generis,  common  to  all  forms  of  heart 
disease?    Is  there  such  a  thing  as  a  uniform  clinical  picture? 

Yes  and  no. 

No,  because  a  number  of  different  disturbances  of  the  respiratory 
system  give  rise  to  approximately  the  same  manifestations.  The  reason 
for  this  is  readily  imderstood,  since  circulation  and  respiration  have  the 
same  task  to  perform— that  of  providing  the  tissues  with  the  blood- 
supply  on  which  their  activity  depends  and  removing  the  products  of  their 
activity,  which  are  not  only  useless,  but  may  be  even  a  burden  and  directly 
harmful. 

The  older  ph3rsicians  did  not  distinguish  between  diseases  of  the  lungs 
and  diseases  of  the  heart, — taking  these  terms  in  their  widest  application, 
— and  referred  to  them  by  the  common  term  *'  respiratio  laesa."  In  these, 
as  in  all  other  pathologic  conditions,  they  viewed  the  clinical  picture  as  a 
whole;  and  although  in  certain  respects  we  have  gained  a  very  accurate 
knowledge  of  the  conditions,  we  ought  not  to  close  our  eyes  to  the  justice  of 
such  a  view.  For  what  is  the  final  result  of  our  knowledge  at  the  present 
time?  What  is  the  sum  total  of  all  special  investigations  as  compared  with 
what  has  actually  been  accomplished? 

"  Peculiar  to  diseases  of  the  heart  and  limgs  and  foreign  to  most  other 
diseases  are  those  disturbances  of  metabolism  which  owe  their  origin  to 
diminution  of  the  gaseous  interchange  in  the  lungs  and  to  slowing  of  the 
circulation.  Disregarding  the  great  variety  of  causes  that  may  lead  to 
such  a  condition,  we  shall  confine  our  attention  to  the  fully  developed 
clinical  picture  of  a  non-compensated  valvular  lesion  or  profound  inter- 
ference with  the  interchange  of  gases  in  the  limgs.  It  is  immaterial  whether 
the  disease  first  attacks  the  heart  or  the  respiratory  organs,  the  sum  total 
of  the  phenomena  which  we  are  about  to  study  with  reference  to  their 
influence  on  the  metabolism  may  be  designated  'dyspneic  conditions.'" 

So  says  Karl  v.  Noorden.* 

Is  it  then  expedient  to  begin  our  presentation  of  the  subject  with  gen- 
eral considerations?  I  think  it  is;  at  least,  if  the  clinical  aspect  is  to  be 
made  the  basis  of  our  description  of  diseases  of  the  heart. 

What  we  first  see  at  the  bedside  is  practically  always  a  uniform  clinical 
picture.  Of  course,  the  picture  must  be  analyzed  as  much  as  possible, 
and  no  one  will  be  satisfied  with  a  diagnosis  of  ''insufficientia  cordis," 
much  less  ''respiratio  laesa."  Nevertheless,  the  general  impression 
which  the  patient  makes  on  the  ph3rsician  in  this  as  in  every  other  disease 
at  once  suggests  the  line  of  investigation  that  will  probably  reveal  the  seat 
of  the  trouble. 

By  including  what  is  common  to  all  forms  of  heart  disease  in  a  comjnon 
discussion  the  description  becomes  more  condensed  and  a  better  general 
view  of  the  subject  is  possible.    For  this  reason  I  shall  begin  with — 


CARDIAC  INSUFnOENCY  (WEAKNESS). 

The  term  is  used  to  designate  functional  deficiency  of  the  heart  causing 
such  a  retardation  of  the  circulation  that  tissue  respiration  cannot  be 
adequately  performed. 

The  kinetic  energy  of  the  heart  depends  on  its  muscular  fibers. 
These  are  capable  of  performing  only  a  certain  amount  of  work.    If 

*  "Lehrbuch  der  Pathologie  des  Stoffwechsels,"  Berlin,  Hirschwald,  1893,  S.  309. 
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more  than  this  is  demanded  of  them,  a  disturbance  results  and  persists 
until  equilibrium  has  been  established  between  the  amount  of  work  to  be 
performed  and  the  amount  of  work  that  can  be  performed.  But  the 
establishment  of  equilibrium  alone  does  not  end  the  matter  so  far  as  the 
heart  is  concerned — at  least,  not  always.  An  important  factor  is  that 
the  nutrition  of  the  heart  is  directly  dependent  on  the  work  the  organ 
performs.  If  the  tension  of  the  blood  in  the  beginning  of  the  aorta 
diminishes,  the  quantity  of  blood  propelled  through  the  coronary  arteries 
in  a  unit  of  time  and  its  velocity  are  diminished  in  the  same  proportion. 
The  heart  muscle  receives  less  nutritive  material  and  is  less  completely 
reUeved  of  the  accumulated  products  of  metabolism  which  contain  fatigue 
stuffis.  If  the  demand  on  the  heart  can  be  diminished  before  the  develop- 
ment of  severe  fatigue,  compensation  can  be  established:  blood-supply 
as  well  as  drainage  corresponds  to  the  diminished  demands  on  the  muscle. 
But  if  the  amount  of  work  cannot  be  diminished  with  sufficient  rapidity, 
a  vicious  circle  develops:  the  heart  being  imable  to  obtain  a  sufficiency  of 
blood,  its  activity  diminishes;  and  because  its  activity  diminishes,  it 
cannot  obtain  a  sufficiency  of  blood. 

These  conditions  are  quite  simple  and  suffice  to  show  that  the  work  of 
the  heart  is  directly  dependent  upon  the  condition  of  the  heart  muscle. 
The  theory  which  ascribes  a  much  greater  importance  to  the  heart  muscle 
itself  is  constantly  gaining  groimd.  Thus  Engelmann*  says  in  a  critical 
review: 

"According  to  recent  anatomic  and  physiologic  investigations  there 
appears  to  be  no  doubt  that  the  normal  action  of  the  heart  pump  in  all 
animals,  both  in  the  adult  and  in  the  embryonal  state,  is  independent  of 
the  nervous  system  and  is  exclusively  due  to  muscular  activity.  The 
fundamental  functions  of  automatism,  rhythm,  impulse  conduction,  and 
oodrdination,  which  were  formerly  generally  ascribed  to  the  cardiac 
ganglia,  as  well  as  a  number  of  important  phenomena  of  self-regulation  of 
Sie  heart-beat,  now  find  a  perfectly  satisfactory  explanation  in  certain 
qualities  and  inter-relations  of  the  elementary  muscle-cells  of  the  heart 
wall.  The  cardiac  nervous  system,  therefore,  has  merely  an  auxiliary, 
secondary  significanoe." 

It  seems  to  me  that  our  observations  on  the  diseased  heart  harmonize 
quite  well  with  these  views  in  a  great  many  respects  and  in  some  respects 
better  than  with  the  older  theories.  The  phenomena  observed  after  brief 
overexertion  of  the  heart  are  better  understood  on  this  supposition.  The 
fact  that  the  lifting  of  a  heavy  weight  may  permanently  impair  the  strength 
of  a  previously  h)rpertrophied  heart  (see  Fraentzel's  case  quoted  below) 
can  hardly  be  attributed  to  temporary  insufficiency  of  the  blood-supply. 
But  it  can  readily  be  understood  that  violent  compression,  even  of  brief 
duration,  may  loosen  the  connections  between  the  cunningly  arranged  in- 
dividual fibers  to  such  a  degree  that  perfect  cooperation  is  no  longer 
possible.  This  would  cause  an  impairment  of  the  functional  power  of  the 
aitire  organ,  although  the  work  performed  by  the  individual  fiber  might 
be  undiminished  or  even  increased. 

We  know  that  when  the  body  is  at  rest  the  heart  liberates  only  a  por- 
tion of  the  force  of  which  it  is  capable;  the  available  remainder  is  called 

*  Th.  W.  Engelmann,  "Ueber  den  myogenen  Urspning  der  Herzth&tigkeit  and 
t&ber  aatomatiscM  Eiregbarkeit  ab  normale  Eigenschaft  peripherer  Nervenfasern/' 
"VtiUpBi's  Arcbiv  far  die  gesammte  Phvsiologie/'  Bd.  Ixv,  S.  535  ff.  The  article 
<wwtam«  an  accurate  critical  summary  of  the  facts  and  a  bibliography. 
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the  reserve  force.  The  extent  of  this  has  been  determined  by  recent 
investigations.*  To  Benno  Lewyt  we  are  indebted  for  some  very  clear 
explanations  of  great  value  on  this  subject.  I  quote  the  following  from 
his  very  valuable  contribution:  The  reserve  strength  of  the  heart  enables 
the  organ  to  perform  thirteen  times  the  amount  of  work  which  it  exerts 
when  the  body  is  at  rest.  This  increase  is  effected  partly  by  an  increase  in 
the  quantity  of  blood  that  is  propelled  during  a  single  systole — the 
amplitude  of  contraction — and  partly  by  an  increase  in  the  number  of 
systolic  contractions  in  a  unit  of  time. 

Even  a  moderate  excess  of  bodily  work  causes  an  increase  of  that  of 
the  heart  to  about  four  times  the  normal.  This  extra  amount  of  work 
can  easily  be  performed  by  the  normal  heart  year  after  year  if  the  general 
nutrition  is  sufficient  and  the  necessary  periods  of  rest  are  allowed. 

The  daily  amount  of  work  performed  by  the  heart  when  the  body  is 
resting  is  about  20,000  q  by  absolute  measurement,  corresponding  to 
133  large  calories.  During  bodily  activity  these  values  go  up  to  about 
45,100  q  and  300  calories. 

Hence,  according  to  Rubner'sJ  figures,  the  heart  requires  for  its  own 
use  when  the  body  is  at  rest  and  fasting  5.8  per  cent,  of  the  total  amount 
of  energy  introduced  with  the  food,  and  8.9  per  cent,  of  the  total  of  avail- 
able energy  during  hard  work. 

It  is  important  to  determine  these  figures  because  until  a  few  years  ago 
the  amount  of  work  performed  by  the  heart  was  considerably  overesti- 
mated— on  the  lowest  estimate  more  than  twice  as  high  as  the  above — 
A  point  which  has  been  proved  by  the  investigations  of  Tigerstedt§  and 
Zuntz.  Although  these  figures  are  only  approximate,  they  permit  one 
to  form  an  idea  of  the  demand  upon  the  working  heart  muscle  and  the 
amount  of  energy  that  it  needs  to  enable  it  to  work  under  various  con- 
ditions. The  question  whether,  in  a  given  case,  the  energy  introduced 
with  the  food  and  that  furnished  by  the  body,  by  the  combustion  of  its 
tissues,  are  sufficient  to  enable  the  heart  to  work,  should  be  answered  on 
the  basis  of  these  investigations. 

Another  point  of  importance  is  that  the  heart  is  supplied  with  the 
blood  which  it  requires  for  its  nutrition  during  diastole,  while  it  is  resting. 
"Owing  to  the  great  differences  in  the  frequency  of  the  pulse  the  duration 
of  the  ventricular  systole  varies  within  much  narrower  limits  than  that 
of  the  ventricular  diastole,  both  in  the  same  individual  and  in  different 
individuals  of  the  same  species.  Hence  the  changes  in  the  pulse  frequency 
are  in  the  main  caused  by  variations  in  the  duration  of  the  diastole.  || 

This  is  the  conclusion  drawn  by  Tigerstedt  from  the  sum  total  of  the 
data  that  have  been  obtained,  and  Benno  Lewy**  quite  correctly  argues 
that:  ''Since  the  increase  in  the  activity  of  the  heart  which  accompanies 
muscular  work  is  always  associated  with  an  increase  in  the  frequency 
of  the  pulse,  and  since  the  latter  increases  at  the  expense  of  diastole,  it 

*  N.  Zuntz,  "DieErnfthruncdes  Herzensund  ihre  Beziehung  zu  aeiner  Arbeits- 
leistung/'  "Deutsche  medicinische  Wochenschrift,"  1892,  S.  109  ff. 

t  B.  Lewy,  "Die  Arbeit  des  gesunden  und  des  kranken  Herzens,"  "Zeitschrift 
far  klinische  Medicin,"  Bd.  xxxi,  S.  320  ff.  (1896-97).  With  a  list  of  the  most 
important  literature. 

t  Dr.  Max  Rubner,  "Calorimetrische  Untersuchungen,"  "Zeitschrift  fttr  Bio- 
logie,"  new  series,  Bd.  iii.    Whole  number,  Bd.  xxi,  S.  382  (1885). 

§  Tigerstedt,  "Lehrbuch  der  Physiologie  des  Kreislaufes,"  Leipzig,  1893,  Veit 
A  Co..  p.  146.  §  11. 

II  Tigerstedt,  loc.  cit.,  p.  131.  **  hoc,  cil.,  389. 
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follows  that  the  heart  is  under  unfavorable  conditions  for  nutrition  during 
an  excess  of  muscular  work,  even  when  the  ingestion  of  food  as  a  whole  is 
adequate.  For  mechanical  reasons,  therefore,  the  heart  can  perform  an 
increased  amount  of  work  only  for  a  Umited  time.  If  the  organ  is  kept 
on  working  beyond  that  time  and  remains  healthy,  it  must  work  under 
conditions  which  render  the  duration  of  diastole  long  enough  to  admit 
a  sufficient  blood-supply  to  the  myocardium;  in  other  words,  retardation 
of  the  pulse  and  relative  heart  rest  must  ensue." 

CAUSES  OF  CARDIAC  INSUFFICIENCY. 

The  causes  of  cardiac  insufficiency  can  be  divided  into  two  main  groups: 

I.  Those  which  directly  affect  the  heart  and  injure  its  mechanism. 

II.  Those  which  affect  the  heart  indirectly  by  preventing  it  from  re- 
ceiving the  amount  of  blood  necessary  to  enable  it  to  perform  the  work 
required  of  it. 

Both  sets  of  causes  may  induce  disturbances  either  rapidly  or  slowly. 
The  differences  in  the  clinical  picture  are  due  to  the  course  of  the  disease, 
not  to  the  exciting  causes. 

It  is  needless  to  say  that  impairment  of  the  mechanism  favors  a 
diminution  of  the  blood-supply  and,  conversely,  if  the  blood-supply  is 
insufficient,  the  mechanism  is  more  likely  to  be  disturbed.  The  first 
statement  is  a  corollary  of  the  proposition  that  the  nutrition  of  the 
heart  and  its  functional  capacity  are  directly  dependent  on  the  amoimt 
of  work  it  performs;  while  the  second  statement  can  be  directly  deduced 
from  the  law  which  holds  true  for  all  living  tissues. 

Let  us  take  up  the  causes  in  detail. 

I.  The  causes  which  affect  the  heart  directly  and  may  injure  its 
mechanism  are: 

(a)  External  yiolence  acting  on  the  heart,  with  or  without  des- 
truction of  the  heart  walls  or  the  vascular  trunks  inclosed  in  the  pericardial 
sac. 

A  detailed  discussion  of  these  matters  belongs  to  the  realm  of  surgery. 
There  are,  however,  a  few  points  of  general  interest. 

In  the  first  place,  the  marked  variation  observed  in  the  symptoms  that 
follow  an  injury  of  the  heart  shows  that  the  resisting  power  of  different 
individuals  varies.  The  portion  of  the  heart  affected  by  the  injury  is  also 
an  important  factor;  although  the  post-mortem  findings  and  our  know- 
ledge of  the  seat  and  significance  of  the  individual  heart  ganglia  are 
equally  inadequate  to  form  a  basis  for  a  positive  opinion. 

A  few  examples  may  here  be  given;  they  have  been  taken  from  the  careful 
eoDection  of  cases  by  Geore  Fischer,*  and  the  ori^nal  numbers  have  been  retained. 

No.  172. — C.  Latour  a'Auvergne,  "le  premier  grenadier  de  France,"  sixty- 
eight  years  of  age,  was  wounded  in  the  battle  of  Neustadt  by  a  lance-thrust  between 
the  dxth  and  seventh  ribs  and  fell  to  the  ground,  cursing  the  enemy  who  had  struck 
him  down  ("la  menace  &  la  bouche  centre  Tennemi,  qui  Tavait  frapp^"),  and  died 
at  once.  Fautrel  performed  the  autopsy:  pericardial  laceration  4  to  5  cm.  long;  the 
sac  contained  a  sinall  quantity  of  blood.  A  very  small  wound  at  the  apex  of  the 
left  ventricle  3  to  4  nun.  deep,  non-penetrating. 

In  this  case  sudden  death  is  explained  by  the  profound  psychic  shock  sustained 
at  the  time  of  the  injury.  It  must  also  be  remembered,  however,  that  the  man  was 
old  and  that  his  heart  must  have  been  subjected  to  a  severe  strain  before  and  during 
the  battle. 

*  Dr.  Georg  Fischer,  "Ueber  die  Wunden  des  Herzens  und  des  Herzbeutels/' 
"Langenbeck's  Archiv  fQr  kiinische  Chirurgie/'  Bd.  ix,  S.  571  ff.  (1868). 
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No.  200. — Duval,  thirty-five  years  of  age.  In  a  duel  with  swords  sustained  an 
oblique  wound  at  the  level  of  the  sixth  rib  on  the  right  side.  The  hospital  surgeon 
diagnosed  a  non-penetrating  wound  of  the  chest,  as  there  was  neither  thoracic  pain 
nor  dyspnea.  The  pulse  was  quiet.  Appearance  of  the  face  unchan^;  the  patient 
was  permitted  to  return  to  his  frigate  witnout  assistance.  The  witnesses  said  the  sword 
was  broken  ofT  about  five  inches  from  the  tip,  and  that  the  piece  could  not  be  found. 
There  was  nothing  to  indicate  that  the  steel  had  remained  in  the  chest.  In  the 
evening  (the  wound  was  received  at  10  o'clock  in  the  morning)  he  was  brought  to  the 
hospital  on  a  stretcher.  Dyspnea,  profuse  hemoptysis,  coarse  r&les,  pain,  rapid, 
irregular  pulse,  weak  voice.  Skin  hot  and  dry.  Dunng  the  night  great  restlessness, 
stertorous  breathing.  Death  in  twenty-two  hours.  The  tip  of  the  sword,  three 
inches  in  length,  had  entered  the  right  auricle  at  its  base  ana  injured  the  lung.  A 
pint  (old  French  measure;  a  little  less  than  one  liter)  of  blood  was  found  in  the 
pleural  cavities.    The  case  was  reported  by  Dupuytren. 

No.  228. — From  Ambroise  Par6:  A  nobleman,  while  fighting  a  duel,  was 
wounded  under  the  left  nipple.  After  receiving  the  wound  he  made  several  passes 
at  his  antagonist  and,  when  the  latter  fled,  pursued  him  200  paces  and  then  fell  dead. 

The  wound  of  the  heart  was  so  large  that  one  finger  could  be  introduced;  a 
largequantity  of  blood  was  found  on  the  diaphragm. 

These  are  not  isolated  observations.  They  teach  us  that  even  a  severely  wounded 
heart  is  capable  of  maintaining  for  a  time  the  amount  of  circulation  required  for 
severe  bodily  exertion. 

Injuries  of  the  heart  also  have  a  general  interest  from  the  fact  that 
they  give  us  an  insight  into  the  nature  of  the  causes  of  death. 

The  above  cases  do  not  furnish  absolute  proof  that  sudden  death, 
in  the  literal  sense  of  the  word,  can  take  place  unless  it  be  from  complete 
destruction  of  the  heart  or  the  loss  of  large  quantities  of  blood  at  the  time 
of  the  injury.  Some  of  the  cases  that  have  been  reported  can,  to  be 
sure,  be  interpreted  in  this  way.  In  addition  to  case  No.  172,  which 
has  been  cited,  we  may  refer  to  case  No.  128,  about  which  it  is  said:  "A 
sword-thrust  pierced  the  left  ventricle  and  the  wounded  man  fell  as  if 
struck  by  lightning  and  promptly  expired  "  (*'  quasi  fulmine  ictus  concidit, 
moxque  extinctus  est")-  But  such  statements,  like  those  contained  in 
other  similar  reports,  are  so  indefinite  in  the  matter  of  time  that  it  is 
impossible  to  determine  whether  or  not  death  was  in  part  caused  by  the 
escape  of  blood  either  externally  or  into  the  pericardium  or  pleura.  The 
important  question  to  determine  is  whether  concussion  of  the  heart  alone 
is  sufficient  to  cause  death.  That  it  plays  an  important  part  in  bringing 
about  such  a  result  is  not  disputed.  But  Fischer,  in  discussing  the  clinical 
course,*  states  that  instant  death  coincident  with  the  injury  is  very  rare. 
It  is  quite  true  that  the  numerous  cases  of  those  who  die  on  the  battle- 
field from  heart  wounds  necessarily  cannot  be  taken  into  account. 

Richard  Bemsteint  also  collected  a  number  of  cases  among  which  he 
was  imable  to  find  a  single  instance  of  sudden  death  which  could  be  at- 
tributed to  simple  concussion  of  the  heart. 

RiedingerJ  attempted  to  settle  the  question  by  experimentation  and 
reached  the  following  conclusion:  **In  a  case  of  injury  of  the  thorax  due 
to  external  violence,  severe  symptoms  or  even  death  must,  in  the  absence 
of  any  severe  injury  to  organs,  be  attributed  to  arrest  of  the  heart  resulting 
from  intrathoracic  irritation  of  the  vagus  and  in  part  to  a  more  than 
temporary  diminution  of  the  vascular  tone  in  the  peripheral  vessels,  pro- 
ducing circulatory  disturbances  in  the  brain." 

♦Loc.ci*.,  720. 

t  "Ueber  die  durch  Contusion  und  ErschUtterung  entstehenden  Krankheiten 
des  Herzens/'  "Zeitschrift  far  klinische  Medicin,"  Bd.  xxix  (1896),  S.  518  fif. 

t  "  Verletzungen  und  chirurgische  Krankheiten  des  Thorax  una  seines  Inhaltes/' 
"Deutsche  Chirurgie,"  Lieferung  42  (1888),  S.  18. 
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This  would  seem  to  show  that  the  process  is  quite  complicated  and  that 
the  heart  is  only  indirectly  involved  through  vagus  inhibition  and  dimin- 
ished blood-supply. 

Fatal  hemorrhage,  that  is,  the  escape  of  blood  from  the  vessels  or  from 
the  heart,  may  produce  death  because  the  blood  remaining  in  the  body 
is  insufficient  for  the  needs  of  the  entire  organism,  and  also  l^cause,  owing 
to  the  cardiac  injury,  the  circulation  of  the  blood  is  also  insufficient.  There 
is  nothing  surprising  about  this.  But  the  case  is  different  when  the  blood 
which  escapes  from  the  heart  or  from  the  vascular  trunks  surrounded  by 
the  pericardium  accumulates  within  the  pericardial  sac. 

Moi^agni  spoke  of  compression  of  the  heart  brought  about  in  this  way 
and  believed  it  to  be  the  cause  of  sudden  death.  Cohnheim'*'  has  given  us 
an  accurate  description  of  what  happens  when  large  quantities  of  blood 
rapidly  accumulate  within  the  pericardial  sac.  He  showed  that  effusions 
into  the  pericardial  space,  if  they  attain  a  certain  size,  interfere  with  the 
filling  of  the  cardiac  chambers.  This  is  due  to  the  tension  of  the  peri- 
cardial sac  produced  by  the  pressure  of  a  rapid  effusion.  The  tension 
obstructs  or  inhibits  the  entrance  of  the  blood  into  the  venous  trunks 
inclosed  in  the  pericardial  sac. 

Animal  experiments  show  that,  as  soon  as  the  pressure  in  the  pericardial  sac 
attains  a  eertam  height,  the  pressure  in  the  ^stemic  veins  suddenly  rises,  while  the 
pressure  in  the  systemic  artenes  as  suddenly  falls.  This  is  because  the  right  heart  is 
msuffidently  filled  with  blood — the  blood-supply  it  obtains  through  the  veme  cavse, 
which  are  surrounded  by  the  tense  pericardial  sac,  being  interfered  with.  The  negative 
pressure  normally  present  within  tne  pericardial  sac  is  rendered  positive  by  the  pres- 
sure of  the  exudate.  Depending  on  tne  difference  in  pressure  between  the  veins  out- 
aide  and  inside  of  the  sac, — in  other  words,  the  portions  of  the  venae  cavse  which  are 
inclosed  in  the  pericardial  sac  and  those  on  the  outside  of  it, — either  no  blood  at  all 
will  enter  the  heart  or  there  will  be  merely  a  dowing  of  the  blood  current.  It  is 
obvious  that  the  increase  of  pressure  in  the  venous  trunks  incident  to  the  accumula- 
tion of  blood  in  front  of  the  heart  favors  the  movement  of  blood  contained  in  these 
venous  trunks  toward  the  heart.  The  flow  will  persist  so  long  as  the  pressure  exerted 
by  the  tense  pericardial  sac  and  its  contents  is  less  than  the  pressure  exerted  by  the 
veins;  but  the  flow  must  also  diminish  in  proportion  to  the  lessening  of  the  difference 
between  the  two  pressures,  and  must  become  equal  to  zero  as  soon  as  there  ceases 
to  be  any  difference  in  pressure.  The  pressure  within  the  pericardial  sac  is  about 
-3  to  5  mm.  of  mercury;  the  pressure  m  the  jugular  and  subclavian  veins  is  +0.2 
and  -  0.1  rwpectively  on  the  right  side,  and  -  0.1  and  -  0.6  mm.  respectively  on  the 
left  side.  lliese  are  the  measurements  obtained  by  Jacobsonf  in  a  sheep.  Hence 
it  only  re<iuires  an  increase  of  pressure  equivalent  to  a  few  millimeters  of  mercury 
to  make  it  impossible  for  the  blood  to  flow  into  the  right  auricle.  Arrest  of  the 
heart  in  systole,  entirely  preventing  diastolic  relaxation,  which  is  probably  what 
was  formeriy  meant  by  compression  of  the  heart,  does  not  occur.  Life  is  extin- 
guished long  before  the  pressure  reaches  the  point  necessary  to  arrest  the  heart  in 
systole.  If  a  smaller  Quantity  of  blood  enters  the  right  heart,  a  correspondingly 
smaller  quantity  will  also  enter  the  left  heart.  The  result  is  a  fall  of  the  arterial 
pressure  in  the  greater  circulation,  possibly  down  to  zero.  In  any  case  the  circu- 
ution  must  be  diminished  in  force  and  velocity  corresponding  to  the  obstacle  to  the 
entrance  of  blood  into  the  right  side  of  the  heart. 

Cohnheim  estimates  the  quantity  of  blood  which  is  sufficient  in  cases 
of  intrapericardial  rupture  to  arrest  the  circulation  at  150  to  200  cm. 

It  is  needless  to  say  that  the  loss  of  such  a  small  proportion  of  the  blood 
contained  in  the  circulation  cannot  be  called  a  fatal  hemorrhage. 

Chi  the  other  hand,  we  must  inquire  how  far  the  results  obtained  by 
experiment  can  be  applied  to  man. 

*  "  Vorlesungen  tlber  allgemeine  Pathologic,"  2.  Aufl.,  Bd.  i,  Berlin,  Hirschwald, 
1882,  S.  20  ff. 

t  Gomp  Tigerstedt,  loc.  cU.,  432. 
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In  the  first  place,  the  thorax  is  opened  and  the  animal  is  kept  alive 
by  artificial  respiration  while  the  experiments  are  performed.  When  the 
thorax  is  closed  every  inspiratory  expansion  causes  a  diminution  of  the 
pressure  within  the  thoracic  cavity.  This  decrease  of  pressure  also  affects 
the  pericardial  sac  and  its  contents.  Hence  the  absolute  values  that  make 
it  impossible  for  the  blood  to  enter  the  venous  trunks  which  are  enclosed 
by  the  pericardium  must  necessarily  be  different.  They  must  be  larger 
than  when  the  thorax  is  opened.  But  on  the  whole  the  conditions  are  not 
sufficiently  altered  to  preclude  the  application  of  the  results  to  the  human 
subject. 

The  effect  of  an  injury  by  which  the  pericardial  sac  and  the  heart  itself 
are  opened  varies  in  the  individual  case,  depending  on  whether  the  peri- 
cardial wound  is  so  large  as  to  render  the  structure  incapable  of  elastic 
tension. 

This  is  undoubtedly  the  case  when  the  laceration  is  large,  but  by  no 
means  necessarily  always  in  cases  of  stab  wounds.  Thus  Fischer  has 
reported  cases  in  which  the  entrance  of  a  needle  into  the  heart  caused 
a  fatal  hemorrhage  (No.  2 ;  in  this  case  effusion  into  the  pericardial  sac 
is  specially  mentioned) .  It  is  also  quite  possible  that  much  larger  openings 
may  close  up  at  first  and  later,  after  some  days,  open  up  again,  so  that  a 
sufficiently  large  effusion  of  blood  may  again  take  place  into  the  pericardial 
sac.  Some  very  curious  things  happen  in  these  cases  and  are  very  difficult 
to  explain. 

One  of  the  most  curious  cases  is  the  following: 

No.  308,  OF  Fischer. — "Suicide.  Wound  at  the  upper  edge  of  the  sixth  rib  on 
the  left  side,  two  inches  from  the  sternal  border,  of  the  size  of  a  lead-pencil.  No 
wound  of  exit.  Slight  hemorrhage.  Chill,  thirst,  vomiting;  extremities  icy  cold; 
pulse  and  heart-beat  can  barely  be  felt;  increasing  cyanosis;  death  after  three 
hours.  Lyin^  on  the  pericardium,  which  was  uninjured,  was  a  small  leaden  bullet; 
the  sac  con  tamed  12  to  15  ounces  (360  to  4*50  cm.)  of  blood.  There  was  a  small 
round  opening  at  the  apex  of  the  right  ventricle,  which  formed  the  beginning  of  a 
channel  extending  into  the  left  ventricle  and  corresponding  in  size  to  the  bullet. 
No  blood  in  the  pleural  cavities.''  (Heidenreich,  "  Bayerisches  grztliches  Intelligenz- 
blatt,"  1865,  No.  51.) 

It  is  a  remarkable  fact  that  injuries  of  the  heart  bj'^  external  violence 
may  be  followed  after  a  variable  interval  by  the  development  of  a  disease 
which  very  probably  bears  a  causal  relation  to  the  injury.  This  occurs 
not  only  in  cases  in  which  there  is  already  an  old  lesion,  usually  of  the  endo- 
cardium, in  which  case  endocardial  inflammation  develops.  Cases  have 
also  been  reported  in  which  acute  endocarditis  developed  some  time  after 
the  injury,  although  no  signs  of  previous  alteration  could  be  found  (com- 
pare case  112  in  R.  Bernstein's  collection,  p.  537).  A  heart  already 
damaged  at  the  time  of  the  injury  may  become  permanently  disabled,  a 
fact  of  some  medicolegal  importance  in  cases  of  accidents  and  damage 
suits. 

(b)  Spontaneous  Rupture  of  the  Heart. — Rupture  of  the  heart  with- 
out any  external  violence  occurs  only  when  the  muscular  structure  is 
severely  damaged.  The  subject  will,  therefore,  be  discussed  in  greater 
detail  in  connection  wuth  diseases  of  the  heart  muscle.  At  this  point  T 
shall  merely  give  a  short  description  of  the  symptoms  in  a  case  observed 
by  myself. 

Personal  OhservoHon  1. — Woman,  sixty  years  of  age.  Up  to  her  fifty-fifth  year 
she  had  no  svmptoms  worth  mentioning,  although  there  was  dyspnea  on  severe 
exertion  and  loss  of  working  power;  there  was  also  obesity. 
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In  her  fif  t^-eighth  year  she  had  rather  sudden  attacks  of  pain  and  oppression  in 
the  lower  portion  of  the  thorax  and  in  the  epigastric  region,  with  palpitation  and 
nausea.  These  symptoms  gradually  increased  and  later  assumed  the  form  of  genuine 
attadcs  of  aneina  pectoris. 

Admittea  November  3, 1884.  On  the  morning  of  the  second — a  few  days  before 
she  had  already  suffered  from  dyspnea,  severe  cough,  want  of  appetite,  and  nausea — 
she  still  felt  comparatively  well.  She  could  attend  to  her  work  as  a  midwife,  went 
to  see  some  of  her  patients,  and  even  ''forced''  herself  in  the  afternoon  to  attend  a 
christening,  although  she  had  felt  pain  in  the  chest  toward  noon.  When  she  re- 
turned home  from  the  christening  "it  suddenly  came  upon  her."  She  had  hardly 
pone  up  the  (low)  steps  leading  to  the  door  of  her  house  when  she  became  very  red 
m  the  face,  could  scarcely  breathe,  and  felt  a  frightful  stabbing  pain  in  the  region  of 
the  heart  and  epigastrium.^  Rest  in  bed  failed  to  relieve  the  pain  and  she  aid  not 
feel  better  until  one  and  a  half  hours  later.  During  the  following  night  she  had 
palpitation  from  time  to  time  but  no  actual  attack;  in  fact,  she  did  not  lutve  another 
until  the  forenoon  of  the  third,  and  then  it  lasted  only  half  an  hour.  The  vertigo 
persisted  and  was  so  severe  that  the  patient  remainea  in  bed  until  the  morning  of 
the  fourth.     Now  she  is  able  to  get  up  and  make  a  few  visits. 

The  history  during  the  decisive  period  of  the  case  is  as  follows:  ''Suddenly  about 
midnight,  between  the  fourth  and  nfth  of  November,  she  had  a  very  violent  attack 
and  the  physician  was  sent  for  early 'in  the  morning.  As  I  entered  the  room  at  5.45 
in  the  morning  the  patient's  groans  could  be  heard  as  far  as  the  door.  When  I 
asked  her  how  she  was,  she  answered  brokenly  that  she  was  going  to  die.  She  would 
not  lie  Guiet,  but  constantly  turned  from  one  side  to  the  other,  raised  herself  in 
bed,  and  lay  down  a^in  on  her  back.  The  forehead  was  wrinkled,  the  lips  and  cheeks 
were  slightly  cyanotic;  the  hands  and  feet  cold.  The  pupils  were  slightly  contracted 
and  reacted  perfectly.  A  short  time  before  she  had  vomited  several  times,  the 
vomited  material  consisting  chiefly  of  mucus.  The  tongue  was  slightly  coated. 
The  respirations  were  42  to  the  minute,  superficial,  and  seemed  to  be  rather  labored. 
When  asked  to  do  so,  however,  the  patient  was  able  to  take  a  fairly  deep  breath. 
The  pulse  was  78,  small  and  compressible.  The  heart-sounds  everywhere  were 
faint  but  pure.  The  lungs  were  slightly  overdistended  and  there  was  impaired  (band- 
box) resonance;  catarrh  of  the  large  oronchi  was  also  present.  The  abdomen  was 
negative  and  the  stools  had  been  re^lar. 

"The  pain  and  feeling  of  oppression  were  referred  to  beneath  the  lower  portion  of 
the  sternum.  The  patient  said  she  felt  as  if  something  had  been  torn  in  that  spot. 
The  patient  begged  me  'for  God's  sake'  to  help  her  and  said  'she  could  not  stand  it 
any  longer.'  An  injection  of  1.5  cm.  of  a  3  per  cent,  solution  of  morphin  was  given 
under  the  skin  of  the  breast,  and  the  subjective  symptoms  improved  in  a  few  minutes. 
The  improvement  continued.  At  10.30,  when  I  made  my  regular  rounds,  the  patient 
was  very  much  quieter,  the  pain  was  much  less,  the  pupils  were  contracted;  it  was 
evident  that  the  morphin  had  taken  effect.  Examination  showed  cyanosis;  quiet 
breathing,  respirations  26;  pulse  116,  small  and  imperfectly  filled.  The  heart  dul- 
ness  could  be  definitely  made  out  only  by  light  percussion  and  in  the  erect  posture. 
It  was  sliehtly  enlarged  upward  and  to  the  right;  the  apex  beat  was  in  the  fifth 
intercostal  space,  a  little  outside  of  the  nipple-line,  and  barely  palpable.  Ausculta- 
tion: Over  and  a  little  inside  of  the  apex-beat  a  distinct  systolic  murmur,  audible 
only  in  the  dorsal  position  and  disappearing  when  the  patient  sits  up.  The  diastolic 
sound  over  the  pulmonic  artery  is  accentuated.  Otherwise  the  heart-sounds  are 
pure,  only  somewhat  faint. 

"After  the  examination  had  been  concluded,  the  patient  lay  down  auietly  and 
answered  questions  in  a  perfectly  rational  manner;  she  even  smiled  a  little.  About 
ten  minutes  after  I  had  left  she  suddenly  raised  both  arms  above  her  head  as  if  in  a 
oonvulfflon.  and,  without  anything  further  happening,  death  ensued." 

The  autopsy,*  which  was  performed  three  hours  later  by  Prof.  Ziegler,  revealed 
a  laceration  3  cm.  in  length  of  the  muscles  of  the  left  heart.  The  pericardial  sac 
contained  about  250  c.c.  of  blood.  The  cause  was  myomalacia  following  occlusion 
of  the  corresponding  branch  of  the  coronary  artery. 

In  this  case  the  laceration  appears  to  have  been  rapidly  followed  by 
death;  it  was  probably  due  to  the  overexertion  of  the  heart  incident  to 
the  changes  in  the  -position  of  the  body  during  the  examination  and  the 
muscular  effort  which  these  changes  necessitated. 

♦The  pathologic  report  of  this  case  is  given  by  Beck,  "Zur  Kenntniss  der 
Entatehung  der  Herzruptur,  u.s.w.,"  Tubingen  Dissertation.     1886. 


26  INSUFFICIENCY  OF  THE  HEART. 

(c)  Rapidly  Forming  Inflammatory  Effusions  into  the  Pericar- 
dium.— ^The  tension  of  the  pericardium  caused  by  the  effusion  is,  as  has 
been  said,  more  important  than  the  quantity  of  fluid.  Hence  a  gradual 
accumulation  of  fluid  up  to  a  liter  is  much  less  dangerous  than  a  rapid 
effusion  of  only  a  few  hundred  cubic  centimeters.  It  may  be  remarked, 
however,  that  a  rapidly  developing  purulent  effusion  hardly  ever  occurs 
imless  the  muscle  of  the  heart  is  also  involved,  hence  the  weakening  of  the 
muscular  power  from  myocarditis  must  also  be  taken  into  account  in  these 
cases.  The  last-mentioned  factor  is  not  so  important  in  large  but  slowly 
forming  exudates.  Perhaps  it  is  not  of  much  importance  anyway.  At  any 
rate,  the  most  important  factor  is  the  obstruction  to  the  flow  of  blood  to 
the  heart  by  the  distended  and  elastic  pericardial  sac.  One  can  see,  as 
I  have,  symptoms  of  the  most  profound  cardiac  weakness  disappear  al- 
most immediately  after  artificial  evacuation  of  the  pericardial  sac;  this  is 
conclusive. 

(d)  Accumulation  of  Large  Quantities  of  Air  within  the  Heart.* — 
Under  certain  circumstances  the  atmospheric  air  may  enter  a  vein  that  has 
been  opened  and  thence  make  its  way  into  the  right  side  of  the  heart. 
The  necessary  conditions  for  this  accident  are  negative  pressmre  in  the 
vein  and  failure  of  its  walls  to  collapse  at  the  point  of  injury.  We  know 
from  experience  that  during  operations  air  most  frequently  enters  the 
internal  jugular,  the  subclavian,  and  the  axillary  veins. 

"The  stretching  of  the  parts  previous  to  dividing  them  at  an  operation 
may  keep  the  large  vein  from  collapsing  at  the  moment  when  it  is  opened, 
and  if,  as  usual,  the  blood  is  removed  by  sponging,  the  air  gets  into  the 
vein"  (Heineke). 

The  entrance  of  air  through  the  uterus  is  perhaps  equally  frequent. 

"After  the  placenta  has  come  away,  the  veins  are  widely  opened, 
owing  to  the  rigid  condition  of  the  uterine  wall,  and  air  is  very  apt  to  enter 
if  it  has  had  an  opportunity  to  get  into  the  uterus,  which  happens  not 
very  infrequently  in  operative  procedures,  especially  when  giving  injec- 
tions" (Heineke). 

The  entrance  of  air  into  other  veins  is  very  rare. 

I  here  give  Heineke'sf  brief  account  of  what  happens  when  air  enters 
a  vein: 

''Ulrich  describes  a  case  which  came  under  his  treatment  about  as  follows: 
In  removing  a  tumor  from  the  neck  of  a  man,  fifty-four  years  of  age,  the  internal 
jugular  vein  was  cut  so  that  the  opening  in  the  gaping  and  empty  vein  could  be 
plainly  seen.  Physicians  who  were  watchmg  the  operation  said  they  heard  a  hissing 
soimd;  inmiediately  frothy  blood  was  seen  to  ooze  from  the  vessel;  the  patient 
became  unconscious,  had  slight  convulsions  of  the  facial  muscle,  and  immediately 
afterward  opisthotonos;  the  face  became  pale;  the  pulse  small  and  tremulous,  and 
the  breathing  stopped.  After  a  few  respirations,  separated  by  long  intervals,  life 
was  extinguished.'' 

''In  a  case  observed  by  Girbal  in  which  a  tumor  had  been  extirpated  under 
general  anesthesia,  a  bubble  of  air  entered  one  of  the  veins  of  the  neck  as  the  operator 
was  about  to  remove  a  small  piece  of  the  tumor  which  had  been  overlooked  after  the 
patient  had  come  out  of  the  anesthesia.  A  hissing  sound  was  heard;  the  patient's 
face  at  once  became  pale;  he  gave  a  plaintive  cry;  the  extremities  became  cold; 
the  pulse  could  not  be  felt;  a  cold  sweat  covered  the  chest;  consciousness,  sensation, 
and  movement  were  lost.  Over  the  heart  a  gurgling  noise  which  obscured  the 
heart-sounds  was  heard  for  about  one  minute.  Altogether  the  ^rmptoms  lasted  only 
three  to  four  minutes.  After  an  hour  pulse  and  respiration  had  become  normal  and 
auscultation  revealed  nothing  unusual." 

*Comp.  W.  Heineke,  ''Blutung,  Blutstillung,  Transfusion  nebst   Lufteintritt 
und  Infusion,"  ''Deutsche  Chirurgie,"  Lieferung  18,  Stuttgart,  1885,  Enke,  S.  64  fif. 
t  Loc.  cU,,  p.  66. 
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As  no  postmortem  report  is  given,  it  is  impossible  to  say  whether  death, 
which  occurred  thirteen  hours  after  the  operation,  had  any  connection 
with  the  entrance  of  air  into  the  vein ;  but  it  probably  did  not. 

The  severity  of  the  disturbances  caused  by  the  entrance  of  air  depends 
not  so  much  on  the  absolute  quantity  of  air  that  enters  the  circulation 
as  on  the  rapidity  with  which  the  entrance  is  effected.  Rapidly  entering 
air  collects  within  the  right  heart,  distends  the  ventricle,  and  prevents  the 
entrance  of  blood  from  the  systemic  veins  as  well  as  the  escape  of  blood 
into  the  pulmonary  artery.  The  result  is  emptying  of  the  arterial  s)rstem, 
accompanied  by  a  fall  of  arterial  tension  in  some  cases  down  to  zero,  ex- 
actly as  when  the  pericardial  sac  is  distended. 

The  mechanism  may  be  tentatively  explained  as  follows:*  The  air 
is  an  elastic  gas;  the  blood,  a  non-compressible  fluid.  Fluids  tolerate 
(tifferences  in  pressure;  gases  strive  to  overcome  such  differences  by 
expanding  more  or  less  or,  in  other  words,  they  only  change  their  volume. 
Hence  when  air  enters  the  veins,  the  blood  in  the  right  heart  is  replaced 
by  gas,  and  the  kinetic  energy  furnished  by  the  right  heart  is  no  longer 
exclusively  employed  in  driving  the  blood  which  it  contains,  as  part  of  this 
energy — perhaps  the  greater  part — is  expended  in  compressing  the  air 
and  is,  therefore,  not  available  for  propelling  the  blood.  Hence  the  blood 
can  be  only  partially  removed  from  the  right  heart;  but  if  less  blood  is  in- 
troduced into  the  greater  circulation,  the  tension  in  the  systemic  arteries 
must  fall. 

Air  continues  to  enter  the  right  heart  so  long  as  the  foi:ce  which  propels 
the  air  is  able  to  overcome  the  elastic  resistance  offered  by  the  walls  of  the 
ventricle,  which  become  more  and  more  tense  as  the  air  continues  to  ac- 
cumulate. The  air  is  driven  by  the  same  forces  as  those  which  are 
responsible  for  the  movement  of  the  blood  in  the  venous  portions  of  the 
greater  circulation,  and  the  most  important  among  these  forces  is  in- 
spiration. 

The  air  which  enters  the  right  heart  along  with  the  blood  there  separates 
from  the  blood  and  occupies  the  highest  point  in  the  heart.  If  the  ac- 
cumulation of  blood  in  the  right  heart  becomes  so  great  that  the  tricuspid, 
owing  to  the  distention  of  the  walls  of  the  right  ventricle,  is  unable  to  close, 
air  escapes  through  the  open  valve;  this  is  propelled  by  the  force  of  the 
right  heart  into  the  S3rstemic  veins,  and  there  causes  a  positive  venous  pulse. 

The  individual  data  on  which  this  explanation  is  based  have  been  verified  by 
namerous  experiments  performed  by  a  great  many  investigators.  Observations 
on  the  human  subject  yield  similar  results. 

The  theory  that  death  after  aspiration  of  air  must  always  be  attributed  to  embo- 
lism in  the  lesser  circulation  was  recently  advocated  anew  by  A.  Hauer,  who  worked 
under  Knoll.f  This  is  not  the  place  to  discuss  this  theory  m  detail,  but  I  may  say 
that  I  do  not  believe  it  to  be  correct. 

If  the  filling  and  distention  of  the  right  heart  from  the  entrance  of  air 
into  the  circulation  are  less  marked,  the  muscle  retains  the  power  to  propel 

♦  See  von  jQigensen,  "Luft  im  Blute — Klinisches  und  Experimentelles/'  "Deut- 
flcfaes  Archiv  fQr  klinische  Medicin,"  Bd.  xxxi  (1887),  S.  468.  In  this  article  I  quote 
Couty's  interpretation  based  on  investigations  of  his  own  and  of  Magendie,  Bouii- 
laud,  Huron,  and  Laborde.  The  articfe  also  contains  a  complete  oibliography. 
I  may  add  that  Yirchow  should  be  mentioned  prominently  among  the  earlier  names. 
(See  Virchow's  "Gesammelte  Abhandlungen  zur  wissensdbaftlichen  Medicin/' 
Zweiter  Abdruck,  Hamm,  Grothe,  1862,  S.  305  ff.) 

t  "Ueber  die  Erscheinungen  im  grossen  und  kleinen  Kreislauf  bei  Luftembolie/' 
''Zeitschrift  fQr  Heilkunde/'  Prague,  Bd.  xi  (1890). 
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the  accumulated  air  through  the  pulmonary  capillaries  into  the  left  heart. 
From  there  it  enters  the  greater  circulation  and  may  continue  to  advance 
along  its  channels. 

My  own  experiments  were  the  first  to  show  how  far  this  is  possible.  I  took  a 
dog  weighing  43.5  kg.  and  injected  in  the  course  of  two  and  one  half  hours  3650  c.c. 
of  air  into  the  femoral  artery  (in  the  direction  of  its  capillaries)  under  a  hydrostatic 
pressure  of  three  meters  (or  about  220  mm.  of  mercury)*  Only  slight  disturbances 
of  the  heart  action  and  of  the  respiration  were  observed.* 

Other  results,t  such  as  any  ultimate  injury  to  the  body,  cannot  be 
discussed  in  detail  because  the  subject  does  not  belong  within  the  province 
of  this  book.  One  general  fact  should  be  mentioned,  however;  air  curcu- 
lating  in  the  blood  causes  an  increase  of  resistance  in  the  capillaries  and  a 
diminution  of  the  amount  of  oxygen  that  combines  with  the  hemoglobin. 

In  my  above-mentioned  experiment  (No.  8)  the  amount  of  oxygen  in  the  arterial 
blood  after  the  injection  of  1130  c.c.  of  air,  which  amount  had  been  introduced 
within  a  space  of  an  hour,  was  11.12  per  cent,  by  volimie;  after  the  forced  introduc- 
tion of  3650  c.c.  of  air,  performed  within  two  and  one  half  hours,  it  had  fallen  to 
6.8  per  cent,  by  volume.  The  normal  value  according  to  Pfltiger  is  22.2  per  cent, 
by  volume. 

It  is  possible  that  this  diminution  of  the  oxygen  percentage  which 
was  obtained  by  such  a  crude  experiment  may  be  present  to  a  certain  ex- 
tent even  when  small  quantities  of  air  circulate  in  the  blood.  In  the  heart 
it  cannot  fail  to  produce  a  diminution  of  the  quantity  of  oxygen  necessary 
in  a  unit  of  blood  for  the  maintenance  of  nutrition.  This  deficiency  the 
heart  might  make  good  by  increasing  its  own  work.  Whether  or  not  a 
serious  nutritional  disturbance  develops  would  depend  on  the  ability  of  the 
heart  to  increase  its  work  sufficiently  to  meet  the  new  conditions. 

Dilatation  of  the  left  heart  by  an  accumulation  of  air  probably  does  not 
occur  in  a  healthy  subject.  At  least,  experiments  on  the  dogj  show  that 
in  order  to  produce  dilatation  such  an  increase  of  pressure  is  necessary  as 
can  be  produced  only  by  the  will  of  the  experimenter. 

(e)  Heart  Thrombi. — Blood-clots  may  form  in  the  cavities  of  the 
heart,  and  very  exceptionally  may  be  large  enough  to  interfere  directly 
with  its  action. 

We  distinguish: 

Pedunculated  thrombi:  These  are  firmly  attached  to  the  heart  wall  and 
project  from  their  point  of  origin  into  the  cavity  of  that  portion  of  the 
heart  to  which  they  belong. 

Ball  thrombi:  These  thrombi  have  become  detached  from  the  heart 
wall  and  are  freely  movable  within  the  cardiac  cavity. 

According  to  R.  A.  Pawlowski,  who  has  collected  all  the  cases  contained 
in  the  world's  literature,  amounting  only  to  25,  19  occurred  in  the  left 
auricle,  4  in  the  right  auricle,  and  2  in  the  left  ventricle.  Corresponding 
to  the  seat  of  the  thrombus, — the  foramen  ovale  was  frequently  found  to  be 
the  starting-point  of  pedunculated  thrombi  or  **true  polyps," — the  symp- 
toms frequently  were  those  of  marked  interference  with  the  flow  of  the 
blood  from  the  left  auricle  to  the  left  ventricle  with  the  clinical  phenomena 
of  mitral  stenosis.  Some  cases  Jjowever,  merely  presented  the  picture  of 
cardiac  weakness,  and  even  th^V  ^qb  not  always  distinct. 

Ueber  arterielle  Luftembolie,"  "Zeit- 
applementheft  (1897),  S.  113  ff. 
ScarOtter,  referred  to  above. 
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Death  may  occur  from  sudden  occlusion  of  the  mitral  or  tricuspid  orifice, 
but  it  may  also  occur  with  the  symptoms  characteristic  of  cardiac  insuffi- 
ciency in  general. 

It  is  obvious  that  the  action  of  the  heart  must  necessarily  be  interfered 
with  in  a  manner  and  to  a  degree  depending  on  the  seat  and  size  of  the 
thrombi.* 

(/)  Sudden  Occlusion  of  a  Large  Portion  of  the  Puhnonary 
Artery. — Here  again  the  essential  factor  in  the  production  of  the  cardiac 
disturbance  which  ensues,  aside  from  the  caliber  of  the  occluded  branches, 
is  the  rapidity  with  which  the  occlusion  takes  place.  The  occlusion  in 
most  cases  is  due  to  the  entrance  of  an  embolus  from  the  veins  or  from  the 
right  heart.  Portions  of  tumors  or  of  parasites  (echinococci)  are  rare 
forms  of  emboli.  Whenever  a  foreign  body  of  this  kind  occludes  a  portion 
of  the  pulmonary  artery,  a  greater  amount  of  work  is  thrown  upon  the 
right  heart  because  the  resistance  to  the  passage  of  the  blood  in  the  un- 
obstructed portions  of  the  vessel  increases.  If  the  right  heart  is  unable  to 
perform  the  amount  of  work  required  by  this  increased  resistance,  the 
blood  accumulates  in  the  right  ventricle  as  well  as  in  the  veins  of  the  sys- 
temic circulation,  while  the  quantity  of  blood  in  the  systemic  arteries  di- 
minishes.   In  this  way  death  may  ensue  rapidly. 

Uchtheim'st  investigations  have  apparently  upset  Virchow's  X  interpretation 
of  these  processes,  which  is  as  follows:  "The  interference  with  the  passage  of  blood 
through  the  pulmonary  vessels  is  evidently  the  primary  cause  of  the  disturbance.'' 
In  these  words  he  summarizes  the  results  of  nis  observations,  experiments,  and 
reasonings.  Lichtheim  found  that  about  three-quarters  of  the  total  extent  of  the 
pulmonary  arteries  can  be  occluded  without  causmg  a  fall  of  pressure  in  the  carotid 
artery.  If  we  may  apply  this  observation  to  man,  we  must  find  some  other  explana- 
tion tor  the  cases  of  sudden  death  after  embolism  of  the  pulmonary  artery,  because 
such  cases  occur  when  the  obstruction  is  far  less  than  that  stated  by  Lichtheim. 
However,  the  propriety  of  applying  the  results  of  Lichtheim's  experiments  to  the 
human  subject  has  been  attacked  in  various  quarters  and,  as  it  seems  to  me,  with 
very  good  reason,    v.  Recklinghausen  §  urges  the  following  ^neral  objection: 

"There  is  a  great  difference  between  a  healthy  dog  with  good  nutrition  and 
vigorous  circulation,  in  which  embolism  of  the  pulmonary  artery  has  been  artifi- 
cLuly  produced,  and  a  patient  who  has  been  ill  and  has  perhaps  been  confined  to  his 
bed  for  some  time  and  whose  nutrition  and  cardiac  action  have  in  some  way  become 
defective.  Conic  foci  have  been  produced  by  occlusion  of  branches  of  the  pulmonary 
artery  only  in  a  few  cases  and  after  previously  weakening  the  animal.'' 

More  important  are  the  objections  that  have  been  urged  against  the  technic 
adopted  in  conducting  the  experiment,  Lichtheim  worked  with  curarized  animals 
with  the  thorax  laid  open,  kept  alive  by  artificial  respiration.  In  this  way  he  created 
conditions  which  differ  materially  from  those  which  obtain  in  a  closed  thorax.  || 
The  importance  of  this  difference  has  been  directly  shown  by  Landgraf  **  in 
the  following  experiments:  In  a  young  rabbit  the  pressure  in  the  carotid  at  the 
beginning  of  the  experiment  was  70  mm.  of  mercury.  (It  is  to  be  remarked  that 
Lichtheim  obtained  the  same  results  in  rabbits  as  in  dogs.)  After  ligation  of  the 
left  pulmonary  artery  the  pressure  fell  to  3Q  mm.  of  mercury.  The  trumc  of  the  pul- 
monary artery,  and  later  the  right  ventricle,  also  became  distended  and  the  left 
auricle  became  paler. 

*  In  regard  to  the  possibility  of  making  a  diagnosis  see  v.  Ziemssen,  "Zur  Patho- 
logic der  gestielten  und  Kugelthromben  des  Herzens,"  "Verhandlungen  des  Con- 
gresses fur  innere  Medicin,"  Bd.  ix  (1890),  S.  281  ff. 

t  "Geaammelte  Abhandlungen,"  S.  307. 

t  "Die  St6rungen  des  Lungenkreislaufes,"  Berlin,  Hirschwald  (1876). 

{  "Handbuch  der  allgemeinen  Pathologic  des  Kreislaufes  und  der  Emahrung," 
"Deutsche  Chirurgie,"  Lieferung  2  and  3,  Stuttgart,  Enke  (1883),  S.  150. 

Ij  For  the  i>Te88ure  conditions  in  a  normal  lung  within  the  closed  thorax  see 
Tigerstedt's  review. 

♦♦"Klinisches  und  Exjperimentelles  zur  Lehre  von  der  Embolic  der  Lungen- 
•rteric,"  "Zeitschrift  fOr  kTmische  Medicin,"  Bd.  xx  (1892),  S.  181  ff. 
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In  this  experiment  the  pleura  was  not  opened;  the  animal  was  placed  under  the 
influence  of  chloral  hydrate,  and  artificial  respiration  was  unnecessary. 

Land^fy*  in  summing  up,  expresses  himself  as  follows:  ''These  experiments 
have  convinced  me  that,  when  the  anmial  is  breathing  naturally,  the  conditions  are 
quite  different  from  those  which  obtain  during  artificial  respiration.  In  both  cases 
we  find  conditions  which  harmonize  with  those  observed  in  man,  namely,  a  fall  of 
pressure  in  the  aortic  system,  engorgement  of  the  venous  circulation,  swelling  and 
dilatation  of  the  right  heart." 

Tieerstedtt  also  concludes  his  very  readable  review  of  this  entire. question  with 
the  following  words:  "This  appears  to  show  that  Lichtheim's  results  are  correct  only 
within  oertam  narrow  limits." 

When  obstruction  of  the  pulmonary  artery  develops  more  slowly 
its  eflfects  on  the  heart  are  much  less  marked  and  the  clinical  symptoms  are 
sometimes  very  slight  or  even  barely  noticeable.  If  the  first  onset  of  the 
storm  can  be  weathered  and  the  heart  muscle  is  not  too  much  weakened, 
compensation  may  be  established  in  a  comparatively  short  time.  Ger- 
hardtj:  says  very  aptly:  ** Although  an  attack  of  this  kind  creates  the 
impression  of  a  profound  and  exceedingly  severe  disturbance  of  the 
respiration  and  circulation,  severe  enough,  for  example,  suddenly  to 
strike  down  a  strong  man,  the  entire  clinical  picture  undergoes  a  marked 
change  within  a  short  time — at  most,  two  days.  The  unobstructed  por- 
tion of  the  pulmonary  system  enlarges,  the  pulse  again  becomes  fairly  full, 
the  temperature  of  the  skin  and  the  color  of  the  face  are  restored,  d3rspnea 
is  reduced  to  a  very  tolerable  degree  and  only  returns  on  very  rapid  move- 
ment." 

A  few  observations  on  the  human  subject  may  be  appropriately  given 
here. 

ViRCHOW,!  Case  7  (Abstract) . — ^Male,  arc  twenty-four.  Typhoid  fever  of  moder- 
ate severity.  In  the  middle  of  the  second  week  death  occurred,  preceded  by  the 
following  symptoms: 

At  the  evening  visit  the  patient  felt  quite  well,  was  cheerful  and  entirely  free 
from  pain.  The  pulse,  on  the  other  hand,  as  well  as  the  heart-beat,  was  intermit- 
tent without  beins  particularly  weak,  the  intermission  occurring  regularly  after 
the  second  or  third  pulse-beat.  Pulse  80,  after  deducting  the  missing  beats.  The 
patient  was  perfectly  auiet  until  11  o'clock  in  the  evening  and  slept  well.  About 
this  hour  he  awoke,  asked  for  the  bedpan,  and  had  a  copious,  liquid  stool  without 
any  special  trouble.  He  also  seized  his  urine  glass  and  evacuated  about  12  to  15 
ounces  of  pale  yellow,  clear  urine.  He  had  haraly  done  this  and  said  a  few  words 
to  his  neignbor  when  he  suddenly  made  two  or  three  flail-like  movements  with  his 
arms,  followed  by  several  deep,  snorting  respirations,  and  after  a  few  minutes  was 
dead."     (Friedreich's  report.) 

At  the  section  Virchow  found  the  following: 

''The  main  branch  of  the  pulmonary  artery  in  the  lower  lobe  of  the  lung  is 
occluded  by  a  piece  of  thrombus  1)  inches  in  length,  lying  free  within  the  vessel. 
It  closely  resembles  in  appearance  another  clot  which  is  found  adherent  to  the  wall 
of  the  right  iliac  vein,  but  presents  a  ragged  surface.  A  number  of  other  obstruc- 
tions of  branches  of  the  pulmonary  artery  are  also  found,  as  well  as  numerous  thrombi 
in  the  pelvic  veins  of  the  left  side;  even  the  common  iliac  vein  contains  a  kind  of  cav- 
ernous tissue  which  indicates  former  attadcs  of  a  similar  nature.  The  heart  is 
flaccid." 

The  exertion  incident  to  raising  himself  and  emptying  the  bowel  and  bladder 
in  all  probability  caused  the  embojna  ^  be  loosened  from  its  attachment  and  swept 
into  the  blood  stream. 

Virchow  H  Case  6  (Abstract)  female,  aged  twenty-three  years.  Lieht  case 
of  walking  typhoid.  Death  occu>C#  about  the  end  of  the  second  week;  the  time 
could  not  be  determined  ex&ctly^^ 

*Loc^  ciL,  p.  198.     _  _  \Loc,  cU.,  p.  451. 


^      tC'  Gerb&rdt  "Der  H&moj^.  ^  Infarct,"  R.  Volkmann's  "Samn 

wcherVoHj^ge-lnnei^  MediJTh^^      A^t ,  S.  7. 

§  Loc.  cii,,p,  346  ff.  ^^A^^  II  ^-  ^-^  P-  341, 


etBtq. 
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The  following  account  is  given  in  the  histoiy: 

"It  is  said  that  the  patient  was  busy  with  fancy  work  during  the  afternoon  and 
got  up  in  the  evening  to  make  her  bed,  complaining  of  chilliness  and  great  lassitude. 
She  wan  so  fatigued  that  she  could  not  sleep,  was  restless,  and  complained  of  a 
stitch  in  the  side  on  deen  inspiration.  She  did  not  complain  of  being  thirsty  or  of 
feeling  hot.  At  6  o'clock  the  next  morning  she  ate  a  little  soup  for  breakfast  and 
felt  quite  cheerful.  About  7  o'clock  she  sat  up  to  urinate,  but  suddenly  became 
pale  and  went  into  s^cope,  at  the  same  time  uttering  a  succession  of  short  groans 
as  though  she  had  smgultus.  She  soon  recovered,  however,  but  became  very  red 
in  the  face.  At  7.30  o'clock  she  had  a  second  violent  attack,  with  anxiety  and  pres- 
sure on  the  chest  (according  to  the  statement  of  a  surgeon  who  was  busy  near  the 
patient),  cold  sweat,  coldness  of  the  extremities,  pallor  of  the  face,  disappearance 
of  the  pulse,  and  weakness.  Ck)nsciousness  was  not  lost.  After  rubbing,  brushing, 
the  administration  of  emetics,  and  the  application  of  mustard  plaster  and  the  like, 
she  came  to  again  with  a  deep  sigh,  but  the  breathing  was  very  shallow,  the  move- 
ments of  the  thorax  beine  barely  perceptible.  The  face  became  bluish  red,  but  the 
entire  body  remained  cold  and  pulseless;  there  was  great  anxiety,  the  voice  was 
extremely  weak,  with  occasional  groans,  as  during  the  first  attack.  There  were  three 
convulsive  upward  movements  of  the  thorax,  the  limbs  were  extended,  the  eyes 
rolled  up,  and  with  a  deep  sigh  the  patient  expired.  When  Ih*.  Reuss  (the  attending 
physician)  got  there  at  8  o'clock  he  found  only  a  corpse." 

The  autopsy,  which  was  performed  by  virchow,  showed  the  following: 

"Thrombus  in  the  vena  sacra  media,  from  which  a  clot  had  extended  into  the 
vena  cava  about  an  inch.  The  ri^t  auricle  contained  a  plug  about  as  thick  as  the 
little  finger  and  five  and  one  half  inches  in  length,  evidently  of  an  older  formation. 
It  lay  Quite  free  in  the  cavity  and  was  squeezed  together  in  various  places,  showing 
that  it  nad  evidently  been  moving.  Finally,  the  main  trunk  of  the  ri^ht  pulmonary 
artery  was  filled  with  a  thrombus  which  was  also  compressed  and  lying  tree  within 
the  lumen  and  was  exactly  of  the  same  nature  as  the  plug  in  the  heart;  it  was  four 
mcbes  in  length.  Behind  it  was  fluid  blood,  and  there  were  four  smaller  thrombi  in 
secondaiy  branches  of  the  pulmonary  artery.  The  wall  of  the  vessel  showed  no 
clumges.''  The  changes  found  in  the  heart  itself  were  not  significant  and  had  nothing 
to  do  with  the  course  of  the  disease. 

The  embolus  in  the  trunk  of  the  pulmonary  artery  was  probably  carried  there 
during  the  first  attack,  but  had  not  produced  complete  occlusion,  which  occurred 
only  at  the  second  attack  and  was  then  rapidly  followed  by  death. 

When  branches  of  the  pulmonary  artery  are  gradually  occluded,  a  very 
large  portion  of  the  lumen  may  be  rendered  impermeable  without  causing 
death.  This  may  take  place  even  in  cases  of  pronounced  cardiac  weakness 
due  to  tissue  changes;  in  fact,  perhaps  even  more  likely  than  in  the  case  of 
a  vigorous  heart.  This  apparent  anomaly  is  readily  understood  when  it  is 
remembered  that  a  feeble  heart  will  propel  the  plug  more  slowly  instead 
of  wedging  it  fast  at  once.  This  affords  time  for  the  development  of  com- 
pensation, in  which  the  bronchial  arteries,  and  through  them  the  left  heart, 
are  also  concerned.  (See  the  anatomic  relations  of  the  pulmonary  circula- 
tion.) 

To  what  extent  this  is  possible  is  shown  by  the  following  case. 

Personal  ObservaHon  2, — Male,  age  sixty  years.  Has  had  dyspnea  for  some 
years.  In  the  course  of  the  last  six  weeks  this  has  become  worse,  and  fincdly  very 
troublesome.    Admitted  February  11,  1877. 

Strongly  buUt,  comparativdy  well-nourished  man;  marked  cyanosis;  severe 
dyspnea;  respirations  40;  pulse  88,  weak,  irregular,  and  distinctly  intermittent. 
•rtmnerature  37.4«*  (99.3*»  F.). 

Lungs  somewhat  distended  [emphysematous — Ed.];  no  signs  of  focal  disease; 
everywhere  vesicular  breathing  with  a  few  sibilant  r&les.  Heart:  Both  sides  en- 
larged, particularly  the  right;  sounds  weak  and  pure.  The  pulmonic  sound  is  ex- 
tremely weak  as  compared  with  the  aortic.  The  peripheral  arteries  are  atheroma- 
tous. 

On  the  afternoon  of  the  twelfth  of  February  the  patient's  face  suddenly  became 
distorted,  speech  became  indistinct,  and  the  breathing  at  the  same  time  irre^lar. 
At  the  evening  visit,  two  hours  later,  slight  paresis  was  observed  in  the  left  side  of 
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the  face;  the  respirations  were  44  and  irregular;  pulse  100,  irregular  and  intermittent. 
The  temperature  had  risen  to  39.2*»  (102.2^  F.). 

February  13th:  Indistinct  signs  of  focal  disease  in  the  lun^;  pulse  108  to 
112,  stronger  and  less  intermittent.  Respirations  42  to  46.  During  the  night  he 
had  a  profuse  sweat. 

February  14th:  Bloody  sputum  resembling  that  of  pneumonia;  possible  focus 
in  the  left  apex.  Pulse  distinctly  stronger.  In  the  afternoon,  about  4  o'clock,  as 
the  patient,  who  had  been  perfectly  conscious  up  to  that  time,  was  about  to  get  into 
bed  again  after  urinating,  aeath  suddenly  occurred  with  convulsions. 

The  autopsy,  performed  by  Schuppel,  showed  the  following  (abstract): 

The  main  trunk  of  the  left  pulmonary  artery  is  completely  occluded  by  a  pale, 
grayish-red  thrombus  an  inch  in  length  and  loosely  adherent  to  the  wall  of  the  vessel. 

To  this  thrombus,  which  has  an  old  appearance,  adhere  more  recent  thrombotic 
masses  which  occlude  all  the  branches  of  tne  artery  but  are  very  loosely  adherent  to 
the  wall. 

The  main  trunk  and  larger  lateral  branches  of  the  right  pulmonary  artery  are 
also  filled  with  completely  occluding  thrombi  of  imperfectly  laminated  structure 
for  a  distance  of  two  to  three  inches.  The  thrombi  are  partially  adherent;  some 
parts  show  an  older  formation,  consisting  of  pale  gray  and  even  puriform  masses; 
other  portions  are  evidently  recent. 

The  branches  of  the  pulmonary  artery  show  a  considerable  degree  of  atheroma- 
tous degeneration. 

The  heart  is  enlarged  by  fully  half  in  the  horizontal  diameter,  and  is  also  longer 
than  normal;  the  muscle  is  flabby.  The  right  ventricle  contains  several  old  thrombi 
among  the  columnse  camese,  with  globular  vegetations  partly  broken  down;  these 
thrombi  may  have  formed  the  origin  of  the  occlusion  of  the  pulmonary  arteries. 
The  auricle  is  free  from  old  clots.  The  tricuspid  and  pulmonary  valves  are  normal. 
The  wall  of  the  right  ventricle  is  moderately  thickened;  the  cavity  is  dilated.  The 
muscle  of  the  right  ventricle  is  pale,  brownish  gray  in  color,  ana  friable;  the  left 
ventricle  is  moderately  hypertrophied;  the  myocardium  is  extremely  soft  and 
friable  and  of  a  dirty  brown  color.  The  valves  of  the  left  side  present  no  special 
disturbances.  There  is  moderate  atheroma  of  the  aorta  and  of  the  large  vascular 
trunks. 

The  lunes  present  old  cicatricial  retractions  and  emphysema,  edema,  small 
infarcts,  and  in  places  collapkse  or  flaccid  infiltration.  The  brain  shows  nothing 
but  marked  edema.  Acute  miliary  tuberculosis:  nodules  in  the  lungs,  liver,  kidney, 
and  the  retroperitoneal  glands. 

The  results  of  the  autopsy  indicate  that  both  main  trunks  of  the  pulmonary 
artery  must  have  been  for  some  time  the  seat  of  clots  which  interfered  with  the  cir- 
culation. These  clots  mulually  spread  and  thus  caused  more  and  more  extensive 
obstruction  of  the  vessels.  In  spite  of  this  extensive  obstruction  and  the  weakness 
of  the  heart,  it  held  out  simply  because  the  process  developed  so  slowly.  It  is  quite 
possible  that  the  clots  in  the  pulmonary  arteries  were  apposition  (secondary)  thrombi, 
the  nucleus  having  been  derived  from  the  right  heart.  It  is  by  no  means  positive 
that  sudden  death  was  directly  connected  with  thrombosis  of  the  pulmonary  artery. 
In  addition  to  the  circulatory  disturbance  which  had  followed  thrombosis  of  the 
pulmonary  artery,  there  was  also  miliary  tuberculosis.  If  the  heart  had  been  stronger 
and  its  muscle  had  not  been  damaged,  it  might  have  held  out  longer  and  certainly 
would  not  have  given  out  so  suddenly. 

Interference  with  the  circulation  in  the  pulmonary  artery  may  be 
caused  by  a  variety  of  diseases  of  the  lungs,  pleura,  or  mediastinum.  But 
in  every  case  there  are  also  other  disturbances  which  influence  the  action  of 
the  heart;  hence  the  condition  will  not  be  discussed  at  this  point. 

(g)  Sudden  Marked  Relaxation  of  the  Vascular  Tone. — A  severe 
blow  on  the  abdomen  causes  a  sudden  change  in  blood  distribution  and  an 
accumulation  of  the  greater  portion  of  the  blood  in  the  veins  of  the  abdo- 
minal viscera.  The  blood-supply  to  the  heart  is  thereby  diminished; 
the  right  side  receives  less  blood  and,  therefore,  cannot  send  as  much  to  the 
left  side  of  the  heart.  There  is  no  question  whatever  that  these  observa- 
tions, which  are  based  on  Goltz's  experiment  (noting  the  effect  of  blows), 
are  applicable  to  the  human  subject. 

It  is  possible  that  the  irritation  of  the  brain  incident  to  violent  emo- 
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tional  exdtement  may  act  in  a  similar  mamier  through  the  medium  of  the 
vasomotor  nervous  system.  This  is  the  best  explanation  for  the  cases  of 
profound  syncope  or  even  death  which  sometimes  occur  from  psychic 
causes. 

Acute  cardiac  insufficiency  after  perforation  of  an  abdominal  viscus, 
allowing  the  escape  of  large  quantities  of  fluid  of  a  very  irritating  character, 
probably  belongs  in  the  same  category.  Another  form  is  that  which 
follows  the  ingestion  of  strong  acids  or  of  lye,  causing  extensive  cauteriza- 
tion of  the  gastric  mucous  membrane. 

The  common  feature  of  all  these  disturbances  is  that  they  offer  a 
purely  mechanic  obstacle  either  to  the  entrance  of  blood  into  the  right 
ventricle  or  to  its  escape  from  that  cavity,  so  that  the  left  heart  no  longer 
receives  the  necessary  supply  of  blood.  As  a  direct  result  the  blood- 
supply  of  the  entire  heart  becomes  insufficient  and  the  nutrition  of  the 
organ  suffers.  Even  the  phenomena  which  occasionally  follow  wounds  of 
the  heart  are  often  very  difficult  to  interpret.  (See  above,  p.  21.)  The 
truth  is,  we  must  take  account  of  other  disturbances  besides  those  which 
external  violence  may  produce  on  a  pumping  mechanism;  we  must  also 
take  into  account  the  histologic  structure  of  the  heart,  with  its  wonderful 
arrangement  of  muscle-fibers,  which,  like  the  nervous  system  with  which 
they  are  connected,  are  subject  to  conditions  of  which  we  know  very  little. 
It  is  all  the  more  important  that  we  should  try  to  gain  some  insight  into 
these  disturbances.    For  this  purpose  we  must  take  into  consideration: 

(h)  What  Occurs  When  the  Passage  of  Blood  Through  the  Coron- 
ary Arteries  is  Interfered  With, — ^This  subject  will  be  discussed  at  length 
in  another  portion  of  this  work,  and  I  shall,  therefore,  confine  myself  to  a 
few  remarks  in  the  present  connection. 

In  the  first  place  it  is  well  known  that  atheroma — the  anatomic  foun- 
dation of  impeded  circulation  in  the  great  majority  of  cases — is  hardly 
ever  limited  to  the  coronary  arteries,  but  extends  to  a  greater  or  less 
degree  over  the  entire  arterial  system.  It,  therefore,  permanently  in- 
creases the  labor  of  the  heart.  This  is  not  unimportant  because,  unless 
hypertrophy  of  the  left  ventricle  ensues,  the  heart,  which  is  constantly 
working  to  overcome  an  increased  resistance,  has  less  reserve  strength  at 
its  disposal.  But  hypertrophy  by  no  means  occurs  in  every  case.  In- 
deed, the  stenosis  of  the  coronary  arteries  caused  by  the  arteriosclerosis, 
if  it  is  marked,  interferes  with  the  development  of  hypertrophy.  Hence 
the  functional  power  of  the  heart  is  somewhat  diminished  even  when  there 
are  no  demonstrable  structural  changes  in  the  muscle-fibers.  The  weak- 
ness shows  itself  chiefly  when  an  extra  demand  is  thrown  on  the  organ, 
because  this  necessitates  the  passage  of  a  certain  quantity  of  blood 
through  the  heart  in  a  unit  of  time.  If  the  stenosis  of  the  coronary  arteries 
interposes  an  increased  resistance,  the  bloodnsupply,  and  with  it  the  func- 
tional power,  may  diminish.  When  these  conditions  are  permanent,  the 
case  is  sufficiently  clear;  but  not  so  in  those  cases  in  which  we  have  at- 
tacks of  angina  pectoris.  These  cannot  be  directly  attributed  to  deficient 
work  on  the  part  of  the  heart,  for  it  has  been  maintained  by  such  authori- 
ties as  v.  Leyden,*  A.  Fraenkel,  and  O.  Vierordtf — to  name  only  a  few — 
that  signs  of  cardiac  weakness  may  be  entirely  absent  during  the  attacks. 

♦  "Skleroee  der  Coronararterien  und  da  von  abhangige  Krankheitszustfinde,-' 
"Zeitechrift  fQr  klinische  Medicin,"  Bd.  vii  (1884),  S.  559. 

t  "Angina  pectoris."  A.  Fraenkel  and  O.  Vierordt,  Referees  in  the  "  Verhand- 
hingen  des  Congresses  fQr  innere  Medicin,"  Bd.  x  (1891),  S.  228  ff. 
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Other  factors  are  not  only  concerned,  but  in  fact  play  the  most  important 
part.  Though  opinions  differ  widely  in  some  respects,  there  is  perfect 
agreement  on  one  point,  namely,  that  these  other  causal  factors  must 
be  sought  in  that  portion  of  the  nervous  system  which  controls  the  heart. 

It  is  because  of  this  influence  of  the  nervous  system  that  the  structural 
changes  which  are  often  found  do  not  harmonize  with  the  functional 
disturbance.  Curschmann,*  for  example,  was  unable  to  find  any  direct 
cause  of  death  in  most  of  the  cases  that  he  observed  and  examined  post- 
mortem. The  gross  tissue  disturbances  that  are  found  consist  of  myo- 
malacia or  fibroid  change  (Ziegler). 

The  explanation  of  what  occurs  when  no  actual  changes  can  be  demon- 
strated in  the  heart  may  possibly  be  furnished  by  Kronecker'sf  discovery. 
In  the  case  of  a  dog,  he  found  that  by  inserting  a  needle  into  the  heart  at  a 
certain  point  of  the  ventricular  septum,  corresponding  to  the  boundary  of 
the  upper  third,  about  1  cm.  underneath  the  surface,  he  caused  im- 
mediate arrest  of  the  heart-beat  and  fibrillar  twitchings  of  the  ventricle, 
which  continued  until  the  animal's  imavoidable  death  by  heart  failure. 
This  fibrillar  twitching  was  identical  with  that  observed  by  CohnheimJ 
and  V.  Schulthess-Rechberg  after  occlusion  of  the  coronary  arteries.  In 
view  of  the  similarity  of  the  phenomena  observed,  Kronecker  interpreted 
his  experiments  by  assuming  that  *'this  dangerous  spot  in  the  ventricular 
septum  contains  a  nerve-center  which  supplies  the  vessels  of  the  coronary 
arteries  with  nerve  paths.  This  vascular  nerve-center,  when  stimulated 
either  indirectly  or  reflexly ,  may  cause  anemia  of  the  heart  walls  and  paraly- 
sis of  the  coordinating  conduction  paths,  just  as  anemia  of  the  brain  may 
produce  syncope  followed  by  coma,  while  the  muscles  show  the  Kussmaul- 
Tenner  convulsions."  Kronecker,  it  should  be  stated,  does  not  admit  that 
the  normal  stimulation  of  the  heart  is  conducted  through  the  musculature. 
It  seems  to  me  that  this  personal  explanation  of  his  obviates  many  of  the 
difficulties  connected  with  his  experiment. 

(i)  A  similar  explanation  may  be  offered  for  the  phenomena  that 
follow  the  action  of  substances  to  which  we  attribute  toxic  effects 
on  the  heart.  Heart  poisons,  in  the  narrower  sense  of  the  term,  when  in- 
gested in  sufficient  quantity,  are  capable  of  completely  abolishing  the 
action  of  the  heart.  The  dose  need  not  be  large,  and  very  small  amounts 
are  capable  of  influencing  the  action  of  the  heart  in  certain  ways.  None 
of  these  substances,  even  when  they  produce  death,  cause  any  recognizable 
tissue  disturbances.    We  speak  of — 

Molecular  Effects. — All  that  is  meant  by  this  is  that,  since  we  are  unable  to 
demonstrate  any  changes  in  the  structure  of  the  tissues  in  spite  of  the  fact  that  def- 
inite alterations  in  the  vital  manifestations  of  the  affected  structures  are  present,  it 
follows  that  the  "poisons''  must  exert  some  peculiar  influence. 

The  theory  which  is  most  in  accord  with  our  present  conception  of  these  matters 
is  that  the  disturbance  consists  in  some  change  in  the  relative  position  of  the  smallest 
particles. 

The  chemic  view  as  to  the  arrangement  of  atoms  in  relation  to  the  various  mole- 
cules may  be  taken  as  a  prototype,  as  it  does  for  the  term  "biologic  affinity,"  which 
is  also  used  in  this  connection.  This  term  "biologic  affinity  suggests  the  ex- 
planation that  the  poisons  which  circulate  in  the  blood  in  minute  quantities  are 
subject  to  a  special  form  of  attraction  on  the  part  of  the  cell  groups  which  they 

*  "  Verhandlungen  des  Congresses  fUr  innere  Medicin,"  Bd.  x,  S.  276. 

t  "Ueber  StSrungen  der  Coordination  des  Herzkammerschiages/'  "Verhand- 
lungen des  Congresses  fQr  innere  Medicin,"  Bd.  xv  (1897),  S.  524  n. 

t  "Ueber  die  Folgen  der  Kranzarterienverschliessung  fur  das  Herz,"  "Gesam- 
melte  Abhandlungen,"  S.  623  ff. 
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influence.  It  is  conceivable  that  when  these  poisons  are  taken  out  of  the  blood 
they  accumulate  in  their  sphere  of  activity,  and  this  may  explain  why  certain  def- 
inite quantities  of  the  poison  exert  such  a  marked  influence  on  minute  functional 
units,  such  as  nerve-centers,  for  example.  These  theories  are  simply  rendered  nec- 
essary by  man's  craving  for  a  knowledge  of  causes. 

A  certain  peculiarity  of  some  of  the  heart  poisons  ought  to  be  specially 
mentioned,  because  it  tends  to  show  the  intimate  connection  existing 
between  the  muscular  and  nervous  elements  of  the  organ.  I  refer  to 
digitalis,  which  affects  at  least  the  heart  muscle  and  the  pneumogastric 
nerve. 

There  are  also  certain  other  poisons  which  have  been  shown  to  produce 
tissue  disturbances  in  the  heart,  particularly  in  the  myocardium.  Phos- 
phorus may  be  taken  as  the  type  of  these  poisons.  The  fatty  degeneration 
which  this  substance  produces  is  sufficient  to  explain  the  diminished 
power  of  the  heart  muscle. 

Finally,  a  word  in  regard  to  the  injury  that  may  be  done  to  the  heart 
by  the  abuse  of  alcohol  and  tobacco.  In  the  case  of  alcohol  at  least,  the 
explanation  is  by  no  means  simple;  not  only  the  quantity,  but  also  the 
method  in  which  the  substance  is  ingested,  is  important,  and  the  question 
can  be  approached  from  various  points  of  view. 

I  shall  take  this  point  up  again  in  a  different  connection,  and  for  the  present  shall 
merely  refer  to  the  important  work  of  Bollinger  in  reference  to  the  "beer  heart." 

The  effect  of  the  abuse  of  tobacco  will  b«  discussed  in  connection  with  cardiac 
neuroaes. 

(k)  Changes  in  the  Heart  in  the  Infectious  Diseases.—In  the  main, 
what  we  have  to  deal  with  in  infectious  diseases  is  also  the  effect  of  a  poison 
on  the  heart.  In  the  severest  intoxications,  such  as  may  be  produced  by 
diphtheria,  scarlet  fever,  and  smallpox,  the  diminution  of  the  work  of  the 
heart  may  be  as  rapid  and  complete  as  in  cases  of  actual  poisoning.  No 
visible  tissue  changes  are  produced. 

The  case  is  different  when  the  effect  of  the  injurious  substance  is  pro- 
longed. Profoimd  tissue  disturbances  may  then  take  place,  not  only  in 
the  parenchyma,  but  also  in  the  connective  tissue  of  the  heart  muscle,  the 
nervous  portions,  the  endocardium,  and  the  pericardium.  Other  causal 
factors  that  enter  into  the  question  besides  the  actual  poisoning  itself,  such 
as  increase  in  body-temperature,  disturbances  of  nutrition  on  account 
of  insufficient  anabolism,  may  here  be  disregarded.  We  know,  at  all  events, 
especially  through  the  splendid  work  of  Ernst  Romberg,*  that  the  doctrine 
of  an  acute  infectious  myositis,  first  promulgated  by  Frenchmen  (Hayem, 
Martin),  deserves  full  consideration. 

In  a  special  class  belong  those  forms  in  which  the  cause  of  the  disease 
has  its  seat  especially  in  the  heart  itself — ^that  is,  those  inflammations  which 
are  more  firequently  produced  by  pus  cocci  than  all  the  other  pathogenic 
microbes. 

(0  Changes  in  the  Heart  Due  to  Blood  Dyscrasiae. — Hemorrhage 
should  be  mentioned  first.  It  is  evident  that  in  cases  of  fatal  hemor- 
rhage the  heart,  being  deprived  of  its  nutrient  material,  dies  along  with 
the  other  vital  organs.  If  a  patient  recovers  after  the  loss  of  considerable 
quantities  of  blood,  the  symptoms  of  inadequate  functional  power  will  be 
proportionate  to  the  diminution  in  the  supply  of  oxygen  due  to  the  re- 

*  "Ueber  die  Erkrankungen  des  Herzmuskels  bei  Typhus  abdominalis,  Schar- 
lach  und  Diphtherie,"  "Deutsches  Archiv  fQr  klinische  Medicin,"  Bd.  xlviii  (1891), 
8.  369  ff.,  und  Bd.  xlix  (1892),  S.  413  ff. 
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duction  of  the  number  of  red  blood-corpuscles.  The  same  thing  occurs  in 
all  diseases  of  the  blood  associated  with  a  decrease  of  the  red  blood- 
corpuscles,  of  which  leukemia  may  be  taken  as  the  t3rpe.  Permanent 
dyscrasia  leads  to  degenerative  processes  in  the  heart  muscle,  which 
develop  early  in  proportion  to  the  amount  of  work  the  heart  is  compelled 
to  do. 

On  the  other  hand,  the  symptoms  are  somewhat  more  obscure  in  the 
conditions  which  are  included  in  the  group  of  so-called  **  wasting  diseases"  ; 
for  in  these  cases  the  conditions  which  are  responsible  for  the  disturbance 
can  by  no  means  always  be  recognized  with  absolute  certainty,  as,  for 
example,  in  diabetes  mellitus,  a  disease  in  which  heart  paralysis  due  to 
degeneration  or  atrophy  of  the  muscle  is  sometimes  the  cause  of  sudden 
death.  **That  the  heart  muscle  is  the  seat  of  rapid  metabolism  as  well  as 
of  a  degenerative  process  is  evidenced  by  the  finding  of  numerous  young 
glycogen-containing  muscle-fibers  beneath  the  endocardium  and  in  other 
places."  So  says  Frerichs,*  who  quaUfies  his  statement  as  follows:  **It 
is  possible,  and  indeed  probable,  that  other  as  yet  unknown  factors  are 
also  concerned,  and  that  during  moments  of  special  exertion,  which  al- 
most always  precede  sudden,  unexpected  death,  these  unknown  factors 
render  the  organism  incapable  of  responding  to  the  increased  demand 
for  oxygen  and  metabolism,  and  thus  interrupt  the  continuation  of  life." 
These  other  factors  suggested  by  Frerich  in  cases  of  diabetes  mellitus  some- 
times become  much  more  prominent  than  the  cardiac  changes,  so  that 
death  is  brought  on  through  some  cerebral  disturbance.  Why  .these 
variations  when  the  fundamental  changes  are  the  same?  That  is  a 
question  which  cannot  as  yet  be  answered. f 

It  should  be  pointed  out  that  similar  phenomena  of  sudden  disturbance 
of  cerebral  activity  are  observed  in  other  wasting  diseases,  such  as  car- 
cinoma, chronic  nephritis,  cirrhosis  of  the  liver,  pernicious  anemia,  char- 
acterized by  a  diminution  of  the  hemoglobin  in  the  the  blood,  a  symptom 
that  is  usually  not  present  in  diabetes  mellitus.  Hence  the  theory 
advanced  by  Senator  and  Riess  must,  for  the  present,  be  accepted  as  the 
most  probable  one.  According  to  this  theory  these  conditions  are  to  be 
attributed  not  only  to  profound  nutritive  disturbances  in  the  blood  itself, 
but  also  to  some  form  of  pjoison  elaborated  within  the  body.J  This  view 
finds  considerable  support  in  Fr.  Midler's  investigations  on  the  metabolism 
of  cancer  patients.f  These  investigations  prove  that  a  poison  may  be 
formed  in  cases  of  carcinoma  and  may  cause  degeneration  of  the  proto- 
plasm. It  is  not  difficult  to  understand  how  the  heart  may  also  be  in- 
volved in  such  a  process. 

With  becoming  reserve  Fr.  Miiller  says:  "An  increase  in  the  destruc- 
tion of  albumin  appears  to  be  conmion  to  all  diseases  associated  with 
cachexia,  and  it  seems  also  to  play  an  important  part."  If  that  is  the 
case,  it  will  help  us  to  gain  a  clearer  insight  into  the  question.    For  on 

*  "Ueber  den  Diabetes,"  Berlin,  Hirechwald,  1884,  S.  120,  121. 

tSee  C.  V.  Noorden,  loc.  cii.,  S.  406  ff.;  H.  Senator,  "Ueber  Selbstinfection 
durch  abnorme  Zersetzungsvorgange,  u.8.w.,"  ^'Zeitschrift  fUr  kUnische  Medicin,'' 
Bd.  vii  (1884),  S.  235  ff. 

t  See  L.  Riess,  ''Ueber  das  Vorkommen  eines  dem  sogenannten  Coma  diabeti- 
cum  gleichen  Symptomencomplexes  ohne  Diabetes,"  **  Zeitschrift  far  klinische  Medi- 
cin,"  Supplement  zum  7.  Bde.  (1884),  S.  34  ff. 

§  "Zeitschrift  fQr  klinische  Medicin,"  Bd.  xvi  (1889).  S.  496  ff.  See  C.  v. 
Noorden,  he,  cit.y  S.  458  ff.;  Ernst  Grawitz,  "Klinische  Pathologic  des  Blutes," 
Berlin,  Enslin,  1896,  S.  315  ff. 
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that  theory  the  heart,  being  supplied  with  blood  of  lowered  efficiency  and 
its  principal  portions — ^those  which  contain  albumin — being  prone  to 
degeneration,  must  be  regarded  as  being  in  greater  danger  than  any  of  the 
other  organs.  For  its  work,  which  is  always  associated  with  the  consump- 
tion of  tissue,  is  indispensable;  it  continues  and  must  continue  throughout 
the  individuars  life. 

(m)  The  heart  performs  its  work  by  contracting;  hence  whatever 
interferes  with  contraction  injures  its  ftinctional  power;  Any  de- 
position of  non-contractile  elements  in  the  muscle  tissue  or  on  the  walls 
of  the  heart  may  be  a  disturbing  factor.  Whatever  is  deposited  within 
or  upon  the  heart  must  follow  the  movements  of  the  viscus.  Hence,  to 
effect  the  necessary  diminution  in  size  during  systole,  the  heart  must  exert 
itself  enough  to  overcome  the  inertia  and  tension  of  the  non-contractile 
portions  embedded  in  its  substance.  They  are  inert  masses  that  are 
moved  with  the  moving  muscle  and  must  adapt  themselves  to  its  shape. 
This  is  a  mechanic  necessity,  and  it  is  evident  that  a  certain  portion  of 
the  kinetic  energy  of  the  heart  is,  therefore,  diverted  from  its  proper 
function  of  propelling  the  blood. 

In  addition  it  must  be  remembered  that  the  seat  of  these  foreign 
bodies,  as  we  may  term  them  in  a  single  word,  may  also  be  of  importance. 
If  they  are  situated  near  the  coronary  branches,  they  may  cause  permanent 
narrowing  of  these  vessels.  To  what  extent  their  proximity  may  disturb 
the  nervous  structures  in  the  heart  or  interfere  with  the  regular  contrac- 
tions of  the  organ  is  a  question  that  may  be  asked  but  cannot  as  yet  be 
positively  answered. 

I  remember  a  case  of  sudden  death  in  which  a  small  syphiloma  situated  in  the 
septum  of  the  heart  was  all  that  was  found  at  the  autopsy.  The  patient,  a  prosti- 
tute, had  collapsed  while  dancing. 

Diastolic  relaxation  is  perhaps  also  somewhat  impeded,  but  this  is  a 
less  important  factor.  Large  foreign  bodies  projecting  into  the  interior 
of  the  heart  diminish  the  space  intended  for  the  reception  of  the  blood 
and  may  in  that  way  diminish  the  amplitude  of  contraction.  The  same 
effect  may  be  produced  because  the  distending  force  of  the  blood-stream 
meets  with  increased  resistance  due  to  the  presence  of  non-contractile 
material  in  the  muscle  tissue. 

Rnally,  it  must  not  be  forgotten  that  some  of  the  injurious  conditions 
about  to  be  mentioned  directly  interfere  with  the  nutrition  of  the  heart 
muscle. 

Such  conditions,  we  learn  from  the  pathologists,*  are  infectious  granulomata 
(tubercles,  syphUomata.  actinomyces);  tumors  (sarcoma,  lymphosarcoma,  fibroma, 
lipoma,  m^oma,  rhaboomyoma — metastatic  carcinoma);  parasites  (cystioerci  and 
echinococci). 

In  addition,  deposits  of  fat  on  and  within  the  heart  muscle,  the  various  forms 
of  muscular  degeneration,  especially  the  formation  of  extensive  fibroid  patches, 
should  be  mentioned. 

This  division  also  includes  the  changes  which  are  brought  about  by 
adhesion  of  the  heart  to  its  covering,  which  has  become  rigid  [thickened 
and  adherent  pericardium — Ed.],  or  to  neighboring  structures.  In  this 
condition  a  considerable  portion  of  the  kinetic  energy  of  the  heart  muscle 
is  diverted  from  its  proper  function,  which  is  to  subserve  the  circulation. 

(n)  There  remain  finally  the  disturbances  of  the  functional  power 

*  See  Segler's  ''Lehrbuch  der  speciellen  pathologischen  Anatomic.'' 
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of  the  heart  due  to  defective  innervation.  These  have  in  part  been 
referred  to  elsewhere,  because  it  is  not  practicable  to  draw  sharp  lines  of 
distinction  between  the  special  province  of  the  muscular  and  that  of  the 
nervous  system.  Nevertheless,  the  chief  part  of  this  subject  remains  to 
be  discussed,  and  this  will  have  to  be  done  briefly  because  a  detailed  dis- 
cussion would  lead  us  too  far  away  from  our  subject.*  Suffice  it  to  say 
that  the  cardiac  nerves  may  suffer  a  functional  injury  at  any  point  along 
their  course,  from  their  origin  to  their  termination,  and  that  any 
such  injury  must  affect  the  action  of  the  heart.  Injuries,  as  from  trau- 
matism, pressure  by  tumors,  etc.,  acting  on  the  center  for  the  inhibitory 
nerve-fibers  in  the  medulla  oblongata  and  on  the  trunk  of  the  vagus,  are 
most  readily  recognized.  Injury  to  the  accelerator  fibers  is  more  difficult 
to  detect  because  w^e  have  no  accurate  knowledge  of  the  center  for  these 
fibers,  although  it  is  probably  also  situated  in  the  medulla  oblongata. 
In  addition,  there  are  all  the  various  reflex  influences  to  which  these  nerve- 
eenters  are  exposed.  There  is  no  doubt  that  these  reflexes  may  originate 
in  many  different  quarters  and  that  Tigerstedt'sf  view,  expressed  in  the 
following  words,  is  quite  justifiable:  "It  seems  to  me  more  correct  to 
regard  the  cerebral  cortex  and  the  other  portions  of  the  brain  lying  in  front 
of  the  medulla,  so  far  as  their  influence  on  the  heart's  centers  and  in 
general  on  all  the  vegetative  centers  of  the  medulla  is  concerned,  as  peri- 
pheral organs  with  reference  to  the  medulla.  The  centers  in  the  medulla 
receive  reflex  stimuli  from  the  cortex  in  exactly  the  same  way  as  they  are 
stimulated  through  centripetal  fibers  coming  from  the  other  portions  of 
the  body. 

'*  According  to  this  view,  the  true  center  for  the  inhibitory  cardiac  nerves 
is  situated  only  in  the  medulla.  This  center  may  be  influenced  by  a  great 
many  nerves  which  must  be  regarded  as  centripetal  with  reference  to  this 
center,  situated  in  the  skin,  in  the  heart  itself,  in  the  abdominal  viscera, 
in  the  lungs,  in  the  organs  of  special  sense,  and  in  various  portions  of  the 
brain." 

The  older  teaching  that  the  heart  ganglia  are  automatic  centers  for  the 
movement  of  the  heart  is  no  longer  tenable.  The  heart  ganglia  are  ex- 
clusively sensory. 

E.  Romberg,!  who  in  association  with  the  younger  His  determined 
this  point,  has  this  to  say  in  regard  to  its  significance:  *' Nothing  definite 
is  as  yet  known  in  regard  to  their  individual  functions.  It  is  possible, 
perhaps  probable,  that  they  transmit  to  the  central  nervous  sjrstem  the 
minutely  graduated,  unconscious  sensations  which  reflexly  regulate  the 
action  of  the  heart  through  the  vagus  and  accelerator  nerves  and  control 
the  caliber  of  the  blood-vessels.  Hence  the  activity  of  the  cardiac  ganglia, 
l!  to  borrow  NothnagePs  words,  must  still  be  regarded  as  *a  conditio  sine 

|i  qica  non  for  a  normal  circulation,'  but  not  in  the  same  sense  as  we  have 

until  now  believed.  They  control  the  rhythm  of  the  heart  not  directly, 
but  indirectly,  through  reflex  paths.  It  is  due  to  the  action  of  the  cardiac 
ganglia  that  the  heart  is  able  so  completely  to  respond  to  the  various 
demands  upon  its  functional  power." 

Here,  again,  we  therefore  have  to  deal  with  probable  reflex  effects 
which,  as  elsewhere,  may  be^onie  operative  without  any  other  than  a 
functional  stimulation  taici^^  place  in  the  part  where  they  originate. 

'"'      ^    '-    -  t  English  translation,  p.  195. 

., ^Verhandlungen  des  Ck>ngre8se8  ftir  innere 

Medicin/'  ""^    *^ .        ~   -        .         -«• 


^ 
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In  the  present  state  of  our  knowledge  we  must  be  content  to  forego 
any  further  inquiry  into  the  nervous  processes  which  influence  the  func- 
tional power  of  the  heart  muscle.  No  one  can  doubt  that  these  processes 
do  exert  a  marked  and  far-reaching  influence  on  the  heart  muscle.  It  may 
be  possible  occasionally,  in  an  individual  case,  to  gain  some  further  under- 
standing of  the  process;  but  in  the  main  this  difficult  question  remains 
to  be  solved  by  future  investigations. 

Let  us  now  turn  to  the  second  principal  division : 

II.  In  the  following  we  shall  discuss  those  causes  of  cardiac  insuf- 
ficiency which  involve  an  insufficient  blood-supply  to  the  heart  for  the 
work  which  they  impose  upon  the  organ. 

The  determining  factor  in  this  group  is  that  the  work  imposed  upon  the 
heart  brings  with  it  conditions  which  produce  an  insufficient  blood-supply. 
That  is  to  say,  there  is  a  disproportion  between  the  demand  and  the 
possible  supply  of  effective  and  nutrient  blood,  and  this  disproportion  is 
caused  by  the  work  of  the  heart  itself. 

Let  me  repeat  once  more  Benno  Lewy's  fundamental  dictum: 

"Since  the  increased  action  of  the  heart  incident  to  muscular  exertion 
is  regularly  associated  with  an  increase  in  the  number  of  pulse-beats,  which 
in  turn  is  effected  at  the  expense  of  diastole,  it  follows  that  during  ex- 
cessive muscular  exertion,  even  when  the  amount  of  nourishment  taken  up 
by  the  digestive  organs  is  otherwise  adequate,  the  heart  labors  under  un- 
favorable nutritive  conditions.  Hence  for  mechanic  reasons  the  heart 
can  only  perform  an  increased  amount  of  work  for  a  limited  space  of  time. 
After  that,  if  it  is  to  remain  healthy,  the  diastole  must  be  long  enough  to 
permit  of  a  sufficient  blood-supply  to  the  myocardium,  that  is  to  say,  re- 
tardation of  the  pulse  and  relative  heart  rest  must  ensue." 

While  this  appUes  chiefly  to  temporary  overexertion  of  the  heart  and  its 
consequences,  due  to  muscular  work,  the  principle  can  nevertheless  be 
extended  to  other  conditions  as  well.  I  refer  to  those  conditions  in  which 
the  work  of  the  heart  is  permanently  increased,  and  adequate  recuperation 
is  rendered  difficult  or  impossible. 

There  is  another  reason  for  this  subdivision.  Whatever  interferes  with 
the  work  of  the  heart  most  commonly  develops  gradually  and  not  all  at 
once,  so  that  an  opportunity  is  afforded  for  the  heart  to  increase  its 
musculature  and,  by  dilating  its  cavities,  to  enlarge  its  amplitude  of  con- 
traction. In  this  way  compensation  may  be  brought  about  and  the  heart 
may  be  enabled  more  or  less  completely  to  do  its  work  again,  at  least  for 
a  time.  It  is  almost  needless  to  say  that  a  heart  which  has  undergone  such 
a  chimge  requires  a  much  larger  blood-supply,  and  this  determines  the 
limit  beyond  which  it  cannot  increase  its  work. 

Like  every  other  attempt  at  classification,  the  one  here  suggested  has  its  weak 
points. 

The  conditions  observed  in  suddenlv  developing  diseases  of  the  lungs  or  pleura 
must  be  judged  differentljr,  because  in  these  cases  hypertrophy  of  the  heart  muscle, 
in  the  beginning  at  least,  is  not  present. 

Oases  of  sudden  dilatation  of  the  heart  produced  b^  excessive  muscular  exer- 
tion might  more  properly  be  included  in  the  first  principal  division — ^among  those 
disturfoances  whicn,  acting  directly  on  the  heart  itself,  injure  its  mechanism. 

Other  objections  might  be  urged;  but  it  seems  to  me  that,  in  order  to  obtain 
general  points  of  view,  the  details  may  be  sacrificed. 

I  shall,  therefore,  consider  together: 

1.  The  effects  on  the  heart  of  excessive  general  muscular  exertion 
(heart  strain). 
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2.  Alterations  in  the  valvular  apparatus  and  orifices  of  the  heart  on 
account  of  which  the  kinetic  energy  furnished  by  the  muscle  is  in  part 
diverted  from  its  function  of  subserving  the  circulation. 

3.  Permanent  increase  of  resistance  in  the  greater  and  lesser  circulation. 

4.  Diminution  of  the  motive  power  furnished  by  the  auxiUary  organs 
and  at  the  disposal  of  the  circulation ;  that  is  to  say,  everything  that  im- 
pedes the  movement  of  the  lungs  within  the  closed  thoracic  cage. 

1.  Let  us  first  take  the  simplest  of  these  conditions:  the  effect  of 
excessive  muscular  exertion  on  the  heart. 

We  must  distinguish  between  what  occurs  when  the  demand  on  the 
heart  is  increased  only  for  a  short  time  and  the  effect  on  the  organ  of 
increasing  its  labor  for  a  longer  period.    I  shall  first  cite  a  few  examples : 

AUbutt  reports  an  experience  of  his  own  in  the  following  words:*  "In  the  sum- 
mer of  1868  I  began  to  walk  in  the  Alps  a  little  too  soon  for  good  training.  After 
three  days,  walking  on  lower  levels,  but  for  longish  distances,  K.  and  I  ascended 
the  Galenstock  and  the  next  day  crossed  the  Oberaarpass.  Instead  of  starting  from 
the  Grimsel,  we  remained  at  the  Rhdne  glacier,  crossed  the  Grimselpass  from  thence, 
ascended  the  Sidelhom  before  settling  down  to  the  day's  work.  At  the  end  of  the 
day  again,  instead  of  dropping  down  on  Viesch,  we  determined  to  seek  the  better 
quarters  of  the  Aeggischhom;  and  had  accordingly  to  mount  that  sturdy  little  Alp 
by  a  somewhat  rapid  ascent.  Hitherto  I  had  b^n  in  ^ood  condition;  but  the  new 
call  for  combustion  to  meet  the  demand  for  the  additional  force  required  to  lift 
lU  stone  (1  stone  is  equal  to  6.35  kg.  or  14  pounds  avoirduDois)  to  a  height  of,  sav, 
2000  feet,  threw  a  great  stress  upon  the  right  heart;  ana  I  was  rather  suddenly 
seized  with  a  strange  and  peculiar  ^besain  de  reajrirery  accompanied  by  a  very  dis- 
tressing sense  of  distention  and  pulsation  in  the  epigastrium.  On  placing  my 
hand  over  my  heart,  I  felt  a  labonng  diffused  beat  all  over  the  epigastrium.  I  at 
once  opened  my  shirt  and  ascertained  by  percussion  that  the  right  ventricle  waa 
very  greatly  dilated.  I,  therefore,  threw  myself  at  length  upon  the  grass,  with  my 
shoulders  raised,  and  had  the  satisfaction,  in  a  few  minutes,  of  finding  the  distention, 
the  oppression,  and  the  dulness  recede.  I  was  then  able  to  rise  and  sit  down,  or 
even  to  move  about  on  the  level,  but,  curiously  enough,  the  instant  I  began  to 
ascend,  the  symptoms  returned. 

''I  was,  therefore,  obliged  to  send  K.  forward  and  to  proceed  myself  with  great 
caution.  When  I  got  up  to  the  height  of  the  inn  and  had  only  to  walk  a  mile  or 
two  by  the  waterway,  I  ceased  to  suffer,  as  I  felt  no  general  fatigue  whatever,  and 
was  able  to  dine  well  on  my  arrival.  In  the  night,  about  3  a.  m.,  I  was  suddenly 
awakened  by  a  severe  and  distressing  palpitation  in  the  epigastrium,  with  great 
dyspnea;  there  was  not,  however,  the  same  extension  of  dulness  over  the  sternum. 
I  went  to  the  window,  and  drew  a  few  long  respirations,  which  gave  me  ease,  and  I 
lost  my  ailment  altogether.  No  doubt  the  pressure  of  a  full  abdomen  against  the 
diaphragm  while  recumbent  had  again  embarrassed  the  overtaxed  right  ventricle. 

'' Christian  Aimer,  to  whom  I  described  mv  symptoms,  said  that  the  same 
thing  had  occurred  occasionally  to  himself  and  to  otner  guides  when  cutting  a 
number  of  steps  on  steep  slopes. 

This  case  shows  conclusively  that  increasing  the  work  of  the  heart  for 
a  certain  length  of  time  causes  weakening  of  the  heart  muscle.  The 
weakness,  however,  is  not  absolute.  It  manifested  itself  only  when  a 
greater  demand  was  made  on  the  heart,  which  was  already  suffering  from 
an  insufficient  bloodnsupply  as  compared  with  the  original,  by  no  means 
inconsiderable,  demands  upon  it.  The  increased  demand  in  itself  need 
not  by  any  means  be  wery  great.  A  very  slight  increase  suffices  to  bring  on 
insufficiency  of  the  muscle,  ^nrhich  has  already  almost  reached  the  limits 
of  its  functional  power.  r|j^  muscle  is  not  permanently  injured;  indeed, 
it  retains  its  efficiency  witjxij.      rt^^^  limits,  for  by  exercising  great  care  and 

*See  Seitz,  ''Die  Ueber^j.  v^ung  <les  Herzens,"  VI.  Abhandlungen,  Berlin, 

Hirschwald,  1875,  §.  p.     "  tVi^^K-f^^  Folgen  der  Einwirkuneen  von  Ueberanstren- 
guDg  und  Gewalt  aufdas  H^w  V^j|i<^ie  grossen  Blutgefasse.'^ 
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walkingslowly ,  with  frequent  periods  of  rest,  Allbutt  succeeded  in  reaching 
the  highest  summit.  Another  interesting  point  is  that  complete  recovery 
takes  place  in  a  short  time. 

The  same  thing  happened  to  the  guides — and  this  is  a  point  that 
deserves  to  be  specially  emphasized,  in  spite  of  the  fact  that  they  were 
accustomed  to  the  heaviest  kind  of  muscular  work,  they  were  subject  to 
temporary  attacks  of  heart  weakness. 

A  single  overexertion  of  the  heart  is  capable  of  causing  serious  perma- 
nent injury  to  the  organ. 

Thus  Fraentzel*  reports  the  following  case: 

"On  the  twelfth  of  October,  1877,  J.  B.,  workman,  thirty-seven  years  old,  was 
admitted  to  my  wards  sufTering  from  severe  dyspnea.  His  previous  history  was 
that  he  had  gone  through  the  last  three  campaigns  in  perfect  health  and  had  never 
suffered  from  swelling  of  the  joints.  He  ^ve  up  his  original  occupation  of  boatman 
some  time  ago  and  became  a  brick-carrier.  He  spent  the  day  transferring  bricks 
from  boats  in  the  river  (Spree)  in  a  so-called  tray  to  the  shore  and  loading  them  on 
a  wagon,  and  in  doing  so  excelled  all  his  fellow-workmen  by  his  great  bodily  strength, 
which  was  untiring.  While  the  latter  carried  thirty-six  bricks  (two  bricks  weighing 
fifteen  pounds)  at  a  time,  he  carried  six  more,  or,  in  other  words,  he  transported  315 
pounds  while  his  fellow-workmen  carried  only  270.  One  day  in  1876,  m  a  spirit 
of  bravado,  to  show  off  his  enormous  strength,  he  loaded  a  few  more  bricks  on  his  hod 
than  usual;  he  is  not  quite  sure,  but  he  thinks  it  was  six.  On  attempting  to  raise 
this  load  from  the  bottom  of  the  boat  to  his  shoulder  he  felt  such  an  intense  pain  in 
the  left  side  of  the  chest,  radiating  into  the  left  arm,  that  he  was  obliged  to  drop 
bricks  and  hod  and  was  unable  to  continue  his  work.  Dyspnea  and  a  feeling  of 
unrest  in  the  chest  came  on  at  the  same  time,  and  he  was  barely  able  to  get  home. 
He  could  get  no  rest  either  da^  or  night  and,  after  an  interval  of  a  few  weeks,  dui^ 
ing  which  he  had  become  dropsical,  he  applied  for  admission  to  the  Moabit  Hospital, 
where  he  spent  sixteen  weeks.  When  he  left  the  institution  he  felt  quite  well  and 
returned  to  his  former  occupation.  But  he  found  that  his  working  capacity  had 
greatly  diminished — he  could  only  carry  half  as  many  bricks  as  before.  Gradually 
his  strength  returned,  and  in  the  course  of  a  few  months  he  was  as  strong  asiever 
and  felt  quite  well. 

''On  the  twelfth  of  October,  1877  he  again  tried  to  carry  more  than  his  usual 
number  of  bricks,  which  was  forty-two,  although  he  is  not  auite  sure  of  the  actual 
figures.  At  the  very  instant  when  he  tried  to  raise  the  load  he  felt  the  same  pain 
in  the  region  of  the  neart  and  of  the  left  arm  as  at  the  first  attack.  But  this  time 
the  pain  was  so  severe  that  he  collapsed  and  it  was  about  an  hour  before  he  recovered 
sufliciently  for  two  of  his  friends  to  take  him  to  his  house,  which  was  nearby.  Here 
he  suffered  from  frightful  dyspnea,  and  on  the  same  day  dropsical  swelling  of  the 
face  and  of  the  limbs  also  developed.  On  the  next  day  cough  and  a  boiling  feeling 
in  the  chest  made  their  appearance,  and  in  the  evening  he  applied  for  relief  at  the 
Charity" 

On  the  morning  of  the  fourteenth  of  October  Fraentzel  found  the  patient  in  an 
exceedingly  dangerous  condition: 

"The  man,  who  is  of  Herculean  build,  is  sitting  upright  in  bed  and  complaining 
of  dyspnea;  his  voice  is  almost  completely  gone.  The  sensorium  is  unaffected. 
The  expression  of  the  face  is  that  of  profound  collapse;  the  forehead  is  covered 
with  a  few  drops  of  cold  perspiration;  the  nose  and  extremities  are  cold;  there  is 
slight  edema  of  the  face,  nose,  and  forearms,  and  more  marked  edema  of  the  legs. 

"Extreme  objective  and  subjective  dyspnea,  38  respirations  in  the  minute. 
Loud,  groaning  expiration  and  occasionally  tracheal  rhonci  which  can  be  distinctly 
heard  in  the  room.  All  the  auxiliary  muscles  of  .respiration  are  working  vigorously 
and  there  is  marked  inspiratory  retraction  of  the  lower  intercostal  spaces.  Active 
expiration.  Short  cougn  at  brief  intervals;  sputum:  about  eight  tablespoon fuls 
of  a  thin,  fine,  frothy,  somewhat  reddish  fluid.  Examination  is  very  difficult  because 
the  slightest  movement  places  the  patient  in  imminent  danger  of  asphyxia.  The 
thorax  presents  the  typcal  barrel  shape.  The  percussion-note  in  front  on  both  sides 
as  far  as  the  fourth  nb  is  loud  and  deep  and  of  the  same  quality  posteriorly  as  far  as 
the  seventh  rib;  from  that  point  on  there  is  moderate  dulness,  gradually  increasing 

*  " Vorlesungen  Qber  die  Krankheiten  des  Herzens,''  Berlin,  Hirschwald,  1889, 
Bd.  i,  8.  112  ff.    The  histoiy  of  the  case  is  here  given  in  condensed  form. 
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downward.  Over  the  lungs  everywhere  vesicular  breathing  is  heard,  with  fine 
mucous  r&les.  which  vary  greatly  in  number  at  different  times;  over  the  area  of  dul- 
ness  these  auscultatory  phenomena  are  also  present,  but  appear  to  be  less  distinct. 
The  apex-beat  is  not  visible,  but  can  at  times  be  felt  in  the  fifth  intercostal  space  in 
the  nipple-line. 

"The  heart  dulness  begins  at  the  left  sternal  border  at  the  upper  edge  of  the 
fourth  rib;  it  cannot  be  separated  below  from  the  liver  dulness,  and  extends  to  the 
left  2.5  cm.  beyond  the  nipple-line,  and  to  the  right  2  cm.  beyond  the  right  border 
of  the  sternum. 

"The  heart-beat  is  very  irregular — from  148  to  160  to  the  minute. 

*'  The  heart-sounds  are  replaced  by  a  feeble,  hollo\)r  sound  heard  during  systole, 
which  appears  to  be  a  murmur. 

"The  radial  arteries  are  very  small  and  the  tension  is  diminished;  the  pulse  is 
c^uite  irregular,  the  pulse-wave  varying  greatly  in  height.  There  is  marked  deli- 
num  cordis. 

"The  tongue  is  very  cyanotic,  but  clean  and  moist.  There  are  great  thirst  and 
complete  anorexia.  The  abdomen  is  greatly  distended,  very  tense,  and  exceedingly 
sensitive  to  pressure  in  the  epigastrium  and  at  the  lower  border  of  the  ribs  on  the 
right  side.  The  liver  dulness  is  greatly  enlarged;  the  outline  cannot  be  accurately 
determined  on  account  of  the  patient's  condition. 

"The  percussion-note  over  the  lower  portions  of  the  abdomen  from  the  level  of 
the  umbilicus  do^ni  is  intensel}r  dull.  The  bowels  are  sluggish.  The  urine  is  very 
scanty  (since  the  patient's  admission  the  day  before  he  has  barely  voided  250  c.c), 
brownish  red,  with  a  heavy  brick-red  sediment,  contains  small  quantities  of  albu- 
min, but  microscopic  examination  shows  no  morphologic  elements  and  only  uric 
acid  and  its  salts. 

"Temperature  37.5^  C.  (99.5**  F.)." 

The  subsequent  course  was  as  follows:  The  worst  symptoms  subsided  in  a 
few  days.  At  the  end  of  about  two  weeks  the  patient  was  quite  comfortable  so 
long  as  he  remained  quietly  in  bed;  but  the  slightest  movement — even  walking 
onlv  a  few  steps  to  the  closet — brought  on  the  most  frightful  dyspnea  and  the  face 
and  extremities  became  deeply  cyanotic. 

Not  until  the  middle  of  December  was  the  patient  able  without  considerable 
discomfort  to  walk  from  his  bed  to  an  armchair  in  the  ward  and  sit  in  it  for  a  few 
hours.  Although  the  heart  dulness  had  considerably  diminished  and  the  heart- 
sounds  had  become  pure,  albeit  hollow,  the  irregularity  of  the  heart's  action  persisted. 
The  same  condition  was  found  when  the  patient  was  examined  on  the  first  of  Jidy, 
1878,  although  the  heart  dulness  had  still  further  diminished.  The  patient  was 
unable  to  go  upstairs  and  permanently  quite  helpless  and  unable  to  .work. 

He  was  discharged  on  the  twenty-fourth  of  February,  1879,  but  was  again 
admitted  on  the  thirty-first  of  March  m  a  very  sad  condition:  beginning  gangrene 
of  the  toes  and  perityphlitis  with  fever.  From  this  he  recovered;  but  the  history, 
which  was  brought  to  a  close  in  the  year  1889,  contains  the  following  note: 

"The  condition  of  the  heart,  especially  the  irregularity  of  the  heart's  action, 
has  so  far  undergone  no  change  whatever;  the  patient  is  unable  to  work  and  his 
disability  is  permanent." 

This  case  is  of  the  greatest  importance.  Oscar  FraentzePs  interpreta- 
tion of  the  symptoms  api)ears  to  me  to  be  unassailable ;  it  may  be  summed 
up  in  the  following  words:  A  single,  momentary  overexertion  of  the  heart 
was  the  cause  of  a  severe,  persistent,  and  indeed  permanent  injury  of  the 
organ.  The  two  attacks  were  at  first  entirely  similar,  and  are  to  be  re- 
garded as  a  sudden  failure  of  the  heart,  which  until  then  had  possessed 
unusual  power.  The  cause  was  dilatation  of  the  left  portion  of  the  heart, 
a  condition  that  may  be  produced  by  the  enormous  increase  in  pressure 
that  takes  place  in  the  aorta  after  a  momentary  excessive  muscular  effort. 
It  is  very  remarkable  that  all  the  effects  of  cardiac  insufficiency,  especially 
general  anasarca,  developed  j^  guch  a  short  time — in  the  case  of  the  second 
attack  within  a  few  hoijfg  ^ 

The  fjrst  time  the  hea»»i'  y^vered  completely,  albeit  after  a  consider- 
able interval,  and  was  (^  }  ^^  te  ^  resp^^id  to  the  former  extraordinary 
demands  made  upon  it  "ih     f^^^ond  time  it  did  not  recover.    Although 

■  x^ 


CAUSES  OF  CARDIAC  INSUFFICIENCY.  43 

the  heart  dulness  diminished, — showing  that  the  dilatation  had  sub- 
sided,— the  heart  was,  nevertheless,  permanently  disabled  by  the  single 
overexertion.  How  is  that  to  be  explained?  In  my  opinion  as  follows: 
The  intense  dilatation  unquestionably  produced  a  structural  disturbance 
in  the  tissue  of  the  heart,  and  this  disturbance  interfered  with  the  regu- 
lar cooperation  of  the  individual  muscle-fibers  of  the  heart  that  takes 
place  under  normal  conditions.  The  disturbance  may  have  been  due  in 
part  to  nervous  influences  or  perhaps  solely  to  some  change  in  the  relative 
position  of  the  muscle-fibers.  This  is  a  point  that  cannot  be  definitely 
settled.  But,  however  that  may  be,  after  the  first  attack  a  restoration  of 
the  original  conditions  was  effected  by  means  of  rest,  which  allowed  the 
heart  to  be  suflSciently  supplied  with  blood.  After  the  second  attack 
the  heart,  in  spite  of  rest  and  care,  never  recovered  sufficient  power  to 
restore  the  degree  of  pressure  in  the  aorta  necessary  for  its  own  nutrition. 
The  first  attack  was  not  followed  by  an  increase  in  the  mass  of  the  muscle 
or  h3rpertrophy,  because  the  increased  demand  was  not  permanent,  nor 
was  there  dilatation.  For  the  heart  had  returned  to  its  normal  condition 
and  was  able  to  perform  the  amount  of  work  required  of  it  without  becom- 
ing fatigued.  After  the  second  attack,  when  the  heart  became  permanently 
unable  to  contract  and  relax  sufficiently,  one  would  naturally  have  ex- 
pected dilatation  to  occur.  Why  it  did  not  develop  it  is  difficult  to  say. 
It  might  be  suggested  that  most  of  the  blood  was  retained  in  the  veins  of  the 
greater  circulation  and  that  the  amplitude  of  contraction  became  so  small 
that  only  very  small  quantities  of  blood  were  set  in  motion ;  in  other  words, 
there  resulted  a  permanent  diminution  of  the  difference  in  pressure  in 
the  arteries  and  veins.  It  is,  of  course,  assumed  that  the  right  side  of  the 
heart  also  lost  some  of  its  power ;  for  there  can  be  no  possible  doubt  of  that.* 
The  whole  history  of  the  case  helps  us  to  understand  what  happens  when 
the  demand  on  the  heart  is  permanently  and  excessively  increased. 

The  most  valuable  data  bearing  on  this  question  are  derived  from  ob- 
servations made  on  soldiers  after  unusual  exertions  in  the  course  of  their 
r^ular  duties.  Da  Costaf  had  an  opportunity  to  see  a  large  number — 
more  than  300 — of  patients  of  this  kind  during  the  Civil  War  and  he  quite 
justly  remarks: 

"  It  is  very  possible  that  from  inherent  circumstances  our  war  furnished 
more  material  of  the  kind  than  is  likely  soon  to  be  met  with  again;  for 
so  many  men  called,  by  the  tap  of  the  drum,  from  civil  pursuits,  and  sent 
without  previous  training  into  the  field,  is  not  a  state  of  things  likely 
often  to  happen." 

The  contributions  of  all  those  physicians  who  have  busied  themselves 
with  this  matter  present  practically  the  same  feature:  At  first  the  pheno- 
mena of  heart  fatigue  which,  if  the  course  is  entirely  favorable,  are  fol- 
lowed by  complete  recovery,  in  less  favorable  cases  by  organic  changes  in 
the  heart,  namely  dilatation  and  h3^rtrophy;  that  is  to  say,  a  perma- 
nent injury,  the  results  of  which  vary  in  the  individual  case  according  to 
external  conditions. 

It  should  be  emphasized  that  Da  C!osta  mentioned  among  the  factors 
which  specially  favor  the  occurrence  of  this  form  of  cardiac  disturbance 
fever  and  diarrhea.  These  conditions,  which  reduce  the  general  nutrition 
of  the  body  as  a  whole,  were  present — the  former  in  17  per  cent.,  the  latter 

*  See  the  section  on  Hypertrophy  and  Dilatation. 

t  "Uebeireizung  des  Herzens,"  "Eine  klinische  Studie  Ober  eine  Form  von 
faneibn^r  St6rung  des  Herzens  und  ihre  Folgen,"  bei  Seitz,  loc,  cU.y  S.  41  ff. 
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in  30.5  per  cent.,  of  the  cases;  that  is,  taken  altogether,  in  almost  one-half 
of  all  the  cases  (200),  and  preceded  the  cardiac  symptoms. 

In  addition  to  these  facts  I  shall  quote  Allbutt's  *  observations,  which,  from  a 
practical  standpoint,  are  very  important: 

"Let  us  now  pass  from  well-nourished  individuals  to  those  who,  either  because 
of  carelessness  or  poverty,  did  not  get  sufficient  food.  Among  cases  of  this  kind  I 
find  two  which  were  described  by  my  friend,  and  former  teacher  Dr.  Paget,  in  Cam- 
bridge.    Dr.  Paget  says,  in  a  letter  to  me: 

"*  Two  cases  are  set  down  in  my  memory  in  which  dilatation  of  the  heart  existed 
in  a  high  degree  without  valvular  disease  and  in  which  I  could  make  out  no  cause 
for  the  disease  except  the  habit  of  taking  lon^  and  active  exercise  fasting.  Both 
the  patients  were  men  of  active,  energetic  habits  and  high  courage  and  endurance; 
both  were  tall  and  strong,  one  of  them  rather  stout.  They  were  in  the  habit  of  going 
without  food  from  breakfast  until  a  late  dinner.  I  satisfied  myself  that  no  other 
cause  was  assignable  except  the  long-continued  exertion  and  the  neglect  of  due 
supply  of  nourishment.  I  have  met  with  other  cases,  as  you  no  doubt  have,  in  what 
seemed  to  be  the  beginning  of  a  like  state  of  the  heart  which  has  been  arrested  by 
the  simple  expedient  of  a  sandwich  box  and  a  flask.' '' 

These  impressions  of  an  independent,  as  well  as  a  keen  observer  are 
further  confirmed  by  the  observations  of  English  physicians  among  the 
young  men  in  the  universities  of  Oxford  and  Cambridge,  who  are  such 
enthusiastic  athletes,  that  without  good  food  and  careful  training  heart 
fatigue  may  easily  ensue.  The  same  thing  is  shown  by  what  occurs  when 
new  recruits  are  trained,  at  least,  in  the  German  army. 

To  sum  up,  the  following  general  rule  may  be  formulated:  The  better 
the  nutrition  of  the  body  as  a  whole,  which  cannot  be  separated  from  the 
nutrition  of  the  heart,  and  the  more  the  heart  is  trained,  the  less  likely  is 
cardiac  fatigue  to  develop.  But  there  is  a  maximum  which  varies  for  each 
individual  case  and  which  must  never,  under  any  circumstances,  be 
exceeded.  Let  us  now  examine  those  cases  in  which  the  heart  is  for  years 
subjected  to  a  strain.  The  importance  of  this  group  of  cases  has  only 
lately  been  properly  appreciated.!  ^ 

Why?  To  answer  this  question  I  shall  cite  v.  Leyden's  very  apt  remarks; 
Among  German  and  French  writers,  at  least,  stress  has  been  laid  on  the  changes  of 
the  h^rt  which  can  be  demonstrated  by  physical  examination — the  most  frequent 
of  which  is  dilatation.  The  etiology  was  considered  a  matter  of  secondary  impor- 
tance. 

This  method  has  been  followed  by  German  and  French  authors  in  their  study  of 
heart  diseases  in  general  ever  since  the  founding  of  physical  diagnosis. 

There  is  no  doubt  that  this  method  has  been  the  means  of  greatly  increasing 
our  knowledge  of  exact  scientific  diagnosis,  but  it  also  has  its  disadvantages.  Its 
defect  is  that  it  makes  a  disease  out  of  what  is  merely  a  pathologic  condition  of  a 
single  organ.t  v.  Leyden  also  emphasizes  the  importance  of  recognizing  the  causal 
factors  in  judging  the  course  of  the  disease  and  in  laying  down  the  treatment.  This 
point  of  view  is  particularly  important  in  the  case  of  disturbances  of  the  heart, 
because  it  enables  us  to  take  a  comprehensive  view  of  the  entire  subject. 

The  above-mentioned  cause  of  heart  disease  is  being  recognized  more 
and  more  generally.  Observation  has  taught  us  that  the  special  demands 
on  the  heart  are  not  necessarily  associated  with  definite  occupations.  The 
fundamental  condition  in  every  case  is  an  increased  demand  to  which  the 

*  See  Seitz,  loc.  cU.,  p.  41  et  seq, 

t  See  Leyden,  "Herzkrankheiten  in  Fol^  von  Ueberanstrengung,"  "  Zeitschrift 
fOr  klinische  Medicin,"  Bd.  xi  fi  S86),  S.  105  ff.  Johannes  Seitz, " Zur  Lehre  von  der 
Ueberanstrengung  des  Herzpr>  ^'  nach  Beobachtungen  auf  Herm  Prof.  Biermer's 
Klinik  (ZQrich),  "  DeutacheslrViiV  f<ir klinische  Medicin,"  Bd.  xi  and  xii  (1873- 74); 
reproduced  in  Seitz's  monotJ^^^  ^bich  has  been  referred  to. 

t  Loc.  cit.,  p.  no.         ^^^f 
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heart  cannot  respond  permanently.  One  must  agree  with  v.  Leyden* 
when  he  says :  '*  It  would  be  a  mistake  to  suppose  that  the  laboring  portion 
of  the  population  enjoyed  the  sorry  privilege  of  becoming  ill  as  the  result 
of  hard  work;  for  the  same  heart  diseases  are  met  among  those  in  better 
circumstances  and  even  in  the  highest  circles.  The  better  classes  also 
work  and  expose  themselves  to  excessive  exertion,  either  in  their  occupa- 
tions or  voluntarily  during  athletic  pursuits.  I  have  seen  a  considerable 
number  of  cases  of  this  form  of  heart  disease  among  army  officers  of  high 
rank,  sportsmen,  foresters,  and  others  of  that  class.  Merchants,  officials, 
and  physicians  also  develop  similar  conditions.  Again,  the  female  sex  is 
by  no  means  exempt.  I  remember  a  well-known  actress  who  died  early  of 
cardiac  dilatation  and  who  had  sown  the  seed  for  her  disease  by  going 
through  the  exertion  and  excitement  of  a  starring  performance  in  a 
convalescence  from  diphtheria." 

It  may  be  objected  that  the  theory  of  overexertion  of  the  heart  is  in  danger  of 
becoming  too  general,  not  to  say  altogether  vague,  by  such  a  wide  application  of  the 
term. 

To  this  we  mav  reply:  The  essential  consideration  is  that  the  heart  is  unable 
to  respond  to  the  demands  made  upon  it.  The  amount  of  kinetic  energy  furnished 
by  the  heart  muscle  varies  quite  as  much  in  the  individual  case  as  does  the  demand 
which  an  individual  makes  upon  his  heart.  It  seems  to  me  that  in  this  discussion, 
which  is  confined  to  functional  disturbances  and  takes  no  account  of  anatomic 
changes,  it  makes  little  difference  whether  a  structural  change  is  present  in  the  heart 
or  not;  in  the  last-mentioned  case  of  v.  Ley  den's  there  probably  was.  Tissue 
changes  merely  cause  a  diminution  of  the  available  energy.  If  the  demand  had 
been  less,  impairment  of  the  continued  function  need  not  have  resulted.  But,  con- 
vemely,  permanent  impairment  of  function  would  have  occurred  even  if  the  heart 
muscle  had  been  entirely  intact,  provided  the  demand  made  upon  it  had  been  in 
excess  of  its  functional  power. 

It  is  impracticable  m  my  opinion  to  attempt  a  sharp  distinction  between  these 
things — ^it  is  auite  enough  to  call  attention  to  differences  in  the  conditions  present  in 
the  individual  case. 

As  an  example  of  the  way  in  which  the  mode  of  life  of  a  certain  class  of 
the  population  may  favor  the  occurrence  of  cardiac  insufficiency  I  shall 
describe  the  conditions  found  among  the  vine-dressers  in  Tiibingen.f 

These  people  work  hard  and  are  not  particularly  well  nourished.  They 
are  mostly  field  hands,  and  the  women  also  have  to  work  steadily  to  help 
earn  a  living.  A  few  small  and  usually  only  moderately  productive  vine- 
yards, a  few  acres  of  poor,  unproductive  land,  and  a  few  head  of  cattle, 
besides  an  occasional  day's  work,  constitute  their  entire  source  of  income. 
It  need  hardly  be  pointed  out  that  these  people  are  usually  insufficiently 
nourished  for  the  amount  of  energy  they  use  up.  The  food  they  eat  is  hard 
to  assimilate,  consisting  of  potatoes,  coarse  bread,  and  very  little  meat. 
Their  chief  beverage  is  cider;  they  also  drink  some  beer,  but  very  little 
brandy. 

The  fact  that  the  land  they  cultivate  is  situated  on  hillsides  of  varying 
grades  and  not  on  a  level  plain  makes  their  work  especially  hard.  They  are 
compelled  to  use  up  an  unusual  amount  of  energy  in  tilling  their  land. 
They  not  only  have  to  carry  the  manure  up  on  their  backs,  but  also  get 
their  produce  home  by  the  same  laborious  method. 

How  much  work  does  a  man  have  to  perform  in  such  an  occupation? 

*  Loc.  cU'.P'  109. 

t  See  Dr.  Wilhelm  MOnzinger,  "Das  Tiibin^r  Herz;  ein  Beitrag  zur  Lehre  von 
der  IJeberanstrengung  des  Herzens.  Aus  der  Tubmger  Poliklinik,"  "  Deutsches  Archiv 
far  klinische  MecUdn,"  Bd.  xix  (1877),  S.  449  ff. 
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With  a  heavy  load  of  manure  in  a  hod  on  his  back,  hung  from  the  shoulders 
by  two  straps,  the  farmer  climbs  up  the  hillsides.  The  load  on  his  back 
forces  him  to  bend  far  over  in  order  to  keep  his  center  of  gravity  well  for- 
ward. To  neutralize  the  forward  and  downward  pull  of  the  straps  he  has  to 
draw  his  shoulders  well  together  in  front.  The  arms  are  crossed  over  the 
chest.  In  order  to  give  the  shoulder  muscles  a  better  purchase,  the  thorax 
is  held  in  the  inspiratory  position  so  that  the  glottis  is  opened  as  little  as 
possible.  The  abdominal  muscles  are  vigorously  contracted  as  in  raising 
any  load,  hence  the  abdominal  cavity  is  under  high  pressure,  which  reacts 
on  the  lower  surface  of  the  diaphragm.  The  large  amount  of  muscular 
exertion  necessary  to  raise  a  load  of  about  40  kg.  (88  pounds),  besides  the 
weight  of  the  man's  body,  a  vertical  height  of  30  to  70  meters  (32.8  to 
76.3  yards)  requires  a  large  amount  of  air  for  respiration.  To  take 
deep  breaths  with  widely  opened  glottis  and  large  excursions  of  the 
diaphragm  would  necessitate  a  constant  change  in  the  position  of  the 
center  of  gravity  and  constant  compensatory  movements  of  the  body 
muscles  to  prevent  falling.  For  this  reason  alone  the  man,  as  he  climbs 
up  the  slope  and  at  the  same  time  carries  his  load,  is  forced  to  content 
himself  with  superficial  breathing;  besides,  frequent  short  respirations 
effect  a  greater  interchange  of  air  in  the  same  unit  of  time  than  deep 
inspirations  at  long  intervals.  The  reciprocal  effect  of  these  conditions 
is  to  produce  a  permanent  inspiratory  distention  of  the  thorax,  in  which 
all  the  portions  of  the  lung  are  not  exposed  to  the  same  pressure.  The 
apices  are  exposed  to  less  pressure  from  without  and,  on  the  other  hand, 
have  to  receive  the  air  which  is  under  greater  tension  in  the  other  portions 
of  the  lung.  They  are  usually  permanently  distended  and  indeed  actually 
emphysematous. 

Under  these  conditions  an  increased  demand  is  made  on  the  heart. 
Not  only  does  the  expenditure  of  muscular  energy  necessitate  the  elimina- 
tion of  enormous  quantities  of  carbon  dioxid  that  are  formed  as  the  result 
of  the  increased  consumption  of  oxygen  by  the  overactive  muscles; 
but  the  mechanic  conditions  created  by  the  act  of  hill-climbing,  which  have 
just  been  explained  and  which  diminish  the  extent  of  pulmonary  surface 
available  for  the  interchange  of  gases,  necessarily  force  the  right  heart  to 
increased  exertion.  The  respiratory  muscles  are  in  part  employed  in 
raising  the  load,  so  that  the  gaseous  interchange  required  for  tissue  res- 
piration must  be  effected  by  the  heart  forcing  a  larger  quantity  of  blood 
over  the  pulmonary  surface  at  a  higher  velocity. 

Similarly,  the  work  of  the  left  heart  is  also  increased.  Traube  long 
ago  pointed  out  that  muscular  contraction  brings  with  it  obliteration  of  the 
capillaries  contained  in  the  contracted  muscle,  diminution  of  the  diameter 
of  the  arterial  system,  and  increased  resistance  within  it — all  of  which  in- 
creases the  work  of  the  left  heart. 

Let  us  examine  our  vine-dresser  more  closely.  The  man  has  covered 
considerable  ground.  The  breathing  becomes  more  and  more  rapid,  be- 
traying his  increased  need  for  air.  He  is  forced,  on  account  of  air-hunger, 
to  rest  for  a  time  before  h©  ^^^m  continue  his  climb  up  the  hill.  At  last 
he  arrives  at  the  top,  p     xjjjg   and  gasping,  with  violently  beating 

It  18  not  too  much  to  ^  -^  it  requires  a  naturally  vigorous  and  con- 

stantJy  well-nourisbed  l^^y  (/^^v^pond  to  such  a  demand,  repeated  day 
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It  seems  to  me  that  the  Question  may  be  raised  whether  heredity  may  not  enter 
mto  the  problem.*  The  mooe  of  life  of  these  Tubingen  vintagers  has  been  the  same 
for  centuries.  Generations  after  generations  have  climbed  up  the  hills,  carrying 
heavy  loads  on  their  backs.  The  people  usually  marry  among  themselves  and  new 
blooa  is  rarely  introduced. 

It  is  evident,  from  what  I  have  said  in  regard  to  their  customary  food, 
that  the  general  nutrition  is  very  deficient.  A  workingman  is  able  to  per- 
form a  imiform  quantity  of  work,  and  his  muscles  retain  their  functional 
power  only  so  long  as  the  supply  from  without  is  sufficient  to  make  good 
the  loss.  This  appUes  to  the  heart  muscle  and  to  the  muscles  of  respiration 
even  more  than  to  all  the  other  muscles  of  the  body,  because  they  have  to 
work  harder  and  more  continuously.  Another  factor  is  that  boys,  as  well 
as  girls,  but  chiefly  the  former,  are  required  to  do  the  hardest  kind  of  work 
quite  early  in  life  — about  the  fourteenth  or  fifteenth  year.  Hence  it  is 
not  astonishing  that  the  effects  of  heart  fatigue  show  themselves  so  fre- 
quently. 

I  had  never  seen  any  conditions  of  this  kind  in  my  former  sphere  of  activity 
among  the  inhabitants  of  Kiel.  There  peo^e  also  worked  hard,  but  they  lived  on 
level  ground  and  were  better  nourishea.  f^ven  among  the  stevedores,  who  were 
employed  to  unload  the  vessels  and  had  to  carry  heavy  sacks  to  the  warehouses, 
such  an  occurrence  was  unknown,  or  at  least  so  rare  that  other  explanations  could 
be  found  in  the  individual  case.  As  for  the  facts  being  such  as  I  represent  them, 
I  can  offer  the  testimony  of  Barteb,  for  I  showed  him  specimens  of  the  Tubinsen 
heArt  in  patients  and  at  the  autopsy  table,  and  to  him,  experienced  physician  that 
he  was,  tne  condition  was  entirely  new. 

There  is  one  more  point  that  I  must  touch  upon :  "  Constantly  repeated 
severe  muscular  exertion  frequently,  although  not  always,  gives  rise  to 
other  alterations  which  develop  pari  passu  with  the  direct  overexertion 
and  of  themselves  permanently  increase  the  labor  of  the  heart,  even  when 
the  body  is  at  rest.  I  refer  to  atheromatous  degeneration  of  the  arteries 
and  distention  and  emphysema  of  the  lungs.  The  heart  changes  observed 
under  the  above-described  conditions  of  life  were  formerly  attributed  to 
these  conditions.  Atheroma  was  held  responsible  for  the  disturbances  in 
the  left  heart,  while  the  phenomena  observed  in  the  right  heart  were  as- 
cribed to  emphysema.  To  be  sure,  such  an  interpretation  is  perfectly  justi- 
fiable, but  the  exciting  cause  of  these  gradually  developing  tissue-changes 
is  the  same  as  that  which  directly  produces  the  overexertion  of  the  heart, 
namely,  hard  physical  labor.  The  effects  of  hard  work  on  the  heart  are 
much  more  marked  when  emphysema  and  atheroma  have  developed,  for 
in  the  presence  of  these  changes  the  heart  tires  more  rapidly  because  the 
constant  demand  made  upon  it  is  increased.  Nevertheless,  the  doctrine 
that  the  heart  can  be  weakened  by  excessive  exertion  remains  uncon- 
founded. 

2.  and  3.  We  have  now  to  consider  those  changes  in  the  heart 
itself  which  permanently  impair  its  functional  power,  namely,  dis- 
turbances affecting  the  valvular  apparatus  and  the  orifices.  As  this 
subject  will  be  discussed  at  length  in  another  place,  we  may  confine  our- 
selves here  to  a  few  general  remarks. 

What  is  the  function  of  the  valves?  To  regulate  the  flow  of  blood  as  it 
enters  and  leaves  the  heart  in  such  a  way  as  to  make  certain  that  the  blood 
motes  in  the  proper  direction  and  that  the  kinetic  energy  furnished  by 

*  Lichtheim  is  not  disinclined  to  answer  this  question  in  the  affirmative.  {"  Ver- 
faandlungen  des  Congresses  far  innere  Medicin/'  Bd.  vii  (1888),  S.  43.) 


48  INSUFFICIENCY  OF  THE  HEART. 

the  heart  muscle  is  completely  utilized.  If  the  valves  fail  to  close  properly, 
a  portion  of  the  blood  corresponding  to  the  degree  of  insufficient  closure 
escapes  in  the  wrong  direction,  or  at  least  the  amount  of  blood  sent  in  the 
proper  direction  is  less  than  under  normal  circumstances.  This  results  in 
the  work  of  the  heart  muscle  being  less  perfectly  utilized  for  the  purpose 
for  which  it  is  intended.  In  order  to  restore  the  circulation  to  its  normal 
condition  the  work  of  the  muscle  must  be  increased.  That  the  same 
thing  must  occur  when  the  orifices  through  which  the  blood  escapes  from 
the  heart  are  narrowed  requires  no  special  explanation. 

As  this  diminished  utilization  of  the  cardiac  power  is  permanent  when- 
ever valvular  disturbances  or  stenosis  have  developed  at  the  orifices,  it 
follows  that  the  increase  in  the  work  of  the  heart  must  also  be  permanent. 
Hence  the  possibility  of  heart  fatigue  is  d,  priori  greater  than  under  normal 
conditions.  And  this  is  actually  the  case.  It  may  be  stated  positively 
that  a  heart  with  changes  of  this  kind  at  its  orifices  and  valves  is  less  able 
to  respond  to  an  increased  demand, — which  is  practically  always  in  the 
form  of  external  work, — especially  when  this  increased  demand  has  to  be 
met  continuously  for  a  considerable  length  of  time. 

The  same  reasoning  applies  to  anything  that  causes  a  permanent  in- 
crease of  the  resistance  in  the  greater,  as  well  as  in  the  lesser,  circulation. 
To  overcome  this  resistance  the  work  of  the  heart  also  has  to  be  increased 
and  therefore  the  same  sequelae  must  develop. 

The  increased  demand  first  affects  either  the  left  or  the  right  side  of  the 
heart,  depending  on  whether  the  increased  resistance  is  in  the  greater  or 
in  the  lesser  circulation.  Indirectly  the  other  side  is  also  involved. 
Benno  Lewy*  gives  an  elaborate  explanation  of  these  conditions.  He 
points  out  that  in  order  to  overcome  an  obstacle,  the  muscle  which  has  to 
supply  the  power  necessary  to  do  so  must  work  harder;  and  in  order  to 
work  harder  it  requires  a  larger  quantity  of  blood.  Hence  this  larger 
quantity  of  blood  must  be  supplied  and  the  entire  mass  of  blood  passing 
through  the  circulation  in  a  unit  of  time  must  also  be  increased  by  an 
amount  corresponding  to  the  quantity  of  extra  blood  required;  in  other 
words,  exactly  the  quantity  required  by  the  myocardium  for  performing 
this  extra  amount  of  work.  ."As  the  same  quantity  of  blood  has  to  pass 
through  the  capillaries  of  both  circulations,  the  flow  of  blood  must  also  be 
increased  in  the  pulmonary  circulation,  which  is  not  directly  affected  by 
the  obstacle.  Hence  any  obstacle  to  the  circulation  must  influence  both 
circulations  in  every  case;  when  the  obstacle  is  situated  in  the  greater 
circulation,  the  flow  of  blood  through  the  lungs,  and  with  it  the  work  of  the 
right  heart,  must  also  be  increased;  but  the  amount  of  increase  due  to 
this  cause  must  not  be  overestimated." 

It  seems  to  me  that  this  fact  deserves  careful  consideration:  since  the 
right  heart  is  naturally  less  powerful,  an  increased  demand — small  in  it- 
self— may,  if  it  is  permanent,  become  a  matter  of  importance  in  the  course 
of  time. 

4.  The  relation  of  the  lungs  to  the  circulation  is  of  great  impor- 
tance. The  functional  power  of  the  heart  is  in  a  great  degree  dependent 
on  the  lungs,  not  only  becau66  of  the  interchange  of  gases,  but  also  because 
of  the  assistance  rendered  to  the  circulation  by  the  respiratory  muscles, 
which  18  effected  through  ji  Agency  of  the  lungs. 

We  are  far  from  fiavjn  ^    cl^^^  insight  into  the  actual  conditions  even 
linder  Dorzx^l  circurnatsiv:^ S^   ^tiU  less  in  pathologic  conditions. 
%X^     ^,  p.  363  cUeqf. 
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It  will  be  well  to  first  consider  the  factors  which  help  to  produce  the  variations 
in  the  aortic  pressure  that  take  place  synchronously  with  the  respiratory  movements. 
Thus  writes  Tigerstedt,*  from  whom  I  borrow  the  following  table: 


NATUBA.L  Respiration. 

Inspiration.  - 

Expiration. 

1. 
? 

Aspiration  of  the  blood  into  the  right  heart 
Diastole  of  the  heart 

Increased  + 
Facilitated 
Impeded 
Increased  + 

Remains  behind 

Facilitated 

At    first    dimin- 
ished, then  in- 
creased 

Increased  -f 
Dilate 
Increased  + 

Diminished  — 

Impeded 

Facilitated 

3 

Svstole  of  the  heart 

4 

^  idth  of  the  Dulmonarv  vessels 

Diminished  — 

5. 

During  the  transition  from  one  respiratory 
phase  to  another,  blood  either  remains 
behind  in  the  pulmonary  vessels  or  is  ex- 
pelled from  them 

Is  expelled 

Impeded 

At  first  increased  y 

6. 

7. 

During  the  respiratory  phase  the  flow  of 

blood  in  the  pulmonary  vessels  is 

Effects  of  four  to  six  as  regards  the  supply 
of  blood  to  the  left  heart 

8. 

The  frequency  of  the  heart  when  the  pneu- 
mntnuitno.  n*»rvps  are  intact 

then        dimin- 
ished 

Diminished  — 

9. 
10 

The  vessels  of  the  greater  circulation 

Tntra^-ahdominal  pressure 

Contract 
Diminished  — 

Tigerstedt  comments  on  this  table  as  follows:  "Nos.  1,  2,  6,  8,  and  10  among 
the  above  factors  during  natural  respiration  cause  an  increase,  and  Nos.  3,  5,  and  9 
a  decrease,  of  the  aortic  pressure  during  inspiration.  When  the  breathing  is  moder- 
ately accelerated,  the  second  ^roup  of  factors  is  more  than  compensated  for  by  the 
first  and  the  pressure  rises  during  inspiration;  not  at  once,  however,  but  only  after 
a  certain  time — after  the  fall  in  the  aortic  pressure,  which  is  chiefly  due  to  factor 
5,  has  ceased  and  the  favorable  effect  of  inspiration  on  the  return  flow  of  blood  into 
the  veins  (factor  1)  has  had  time  to  influence  the  supply  of  blood  to  the  left  heart. 

*'  On  the  other  hand,  when  the  respiration  is  rapid,  the  dilatation  of  the  pulmonary 
vessels  during  inspiration  can  be  recognized  only  by  the  blood  which  remains  behind 
(factor  5);  and  the  element  which  increases  the  pressure,  namely,  the  enlargement 
of  the  vessels,  does  not  make  its  appearance  until  the  end  of  inspiration.  In  the 
same  way  during  expiration  only  the  nrst  factor  that  produces  an  increase  of  pressure 
has  time  to  manifest  itself  before  another  inspiration  takes  place. 

"  When  I  add  that  during  rapid  breathing  the  frequency  of  the  pulse  in  the  various 
respiratory  phases  does  not  vary  appreciably,  it  will  be  readily  understood  that  under 
th^  circumstances  the  pressure  faUs  during  inspiration  and  rises  during  expiration.'' 

The  i^eth3rsmogram  and  the  sphygmogram  show  that  these  experimental 
results,  wnich  were  obtained  on  the  dog,  are  also  applicable  to  man. 

We  see,  therefore,  that  even  when  the  mechanism  is  not  disturbed, 
the  conditions  are  exceedingly  complicated.  In  a  few  morbid  disturbances 
and  under  certain  conditions  it  is  possible  to  gain  some  insight  into  the 
mechanism.  As  an  example  I  may  mention  what  occurs  when  the  larynx 
becomes  occluded  with  false  membranes;  but,  on  the  whole,  we  must  con- 
tent ourselves  with  the  following  axiom,  which  is  the  result  of  experience: 

Everything  that  hinders  the  respiratory  activity  necessary  for  the 
needs  of  the  body  at  the  time  increases  the  work  of  the  heart  by  impeding 
the  expansion  of  the  lungs. 

Hence  under  these  circumstances  there  is  a  greater  possibility  of  the 
heart  tiring  soon  and  at  last  giving  out.  The  proofs  of  the  correctness  of 
this  fact  are  suflSciently  obvious : 

In  slowly  developing,  permanent  pathologic  conditions,  be  they  em- 

♦  Loc.  cU.,  pp.  460  and  461. 
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physema,  the  loss  of  pulmonary  tissue,  or  extensive  adhesion  of  the  two 
layers  of  the  pleura,  we  regularly  find  an  increase  in  the  muscle  of  the  right 
heart.  This  is  a  proof  that  the  demand  made  upon  it  has  been  not  only 
increased;  but  permanently  increased. 

In  rapidly  developing  diseases  of  the  pulmonary  tissue — the  pneumonias, 
extensive  catarrh  of  the  smaller  air-passages  and  large  effusions  of  fluid 
or  air  in  the  pleural  cavities,  the  labor  of  the  heart  increases  in  proportion 
to  the  interference  with  the  expansion  of  the  lungs.  But  in  these  con- 
ditions other  causes  which  increase  the  need  for  oxygen  are  present: 
the  febrile  increase  of  body-temperature  and  the  constant  increase  in  the 
work  of  the  respiratory  muscles.  I  need  only  refer  to  the  increase  in  the 
number  of  heart-beats  and  the  shortening  of  the  diastolic  period  for  rest 
and  nutrition  which  always  occur  is  these  conditions.  While  a  naturally 
vigorous  heart  is  able  to  withstand  all  this  and,  in  addition,  the  damage 
done  to  its  tissues  by  the  intoxication  in  the  case  of  infectious  diseases, 
for  example — an  already  weakened  heart  may  succumb  even  to  the  slight 
disturbance  incident  to  bronchial  catarrh  not  necessarily  extensive  or  at- 
tended with  much  fever.  We  know  from  our  daily  observation  how 
rapidly  the  symptoms  of  heart  weakness  follow  bronchial  catarrh  whenever 
the  heart  is  near  the  limit  of  its  fimctional  capacity.  And  why?  I  do  not 
think  a  positive  answer  is  possible.  While  it  is  true  that  the  last  drop 
causes  a  full  cup  to  overflow,  that  does  not  explain  what  really  happens. 
Possibly  the  following  may  help  us  to  a  precise,  although  only  a 
general  conception: 

The  blood  gives  off  carbon  dioxid  and  takes  up  oxygen  in  the  lungs. 
In  order  that  this  may  be  done  to  satisfy  the  requirements  of  the  body 
a  definite  quantity  of  blood  must  come  in  contact  with  a  definite  quantity 
of  air  in  a  unit  of  time.  The  movements  of  the  air  and  of  the  blood  are 
controlled  by  the  respiratory  muscles  and  by  the  heart,  which  in  turn  are 
regulated  through  the  nerve-centers.  In  response  to  nervous  stimuli 
the  respiratory  muscles  can  be  made  to  assist  the  heart  and  vice  versd; 
so  that,  even  if  one  of  them  is  not  able  to  do  its  full  share  of  the  work, 
the  required  quantity  of  blood,  nevertheless,  meets  the  required  quantity 
of  air  in  the  lung.  But  this  is  possible  only  to  a  certain  extent,  and  alwaj^s 
presupposes  increased  activity  on  the  part  of  either  the  heart  or  the 
respiratory  musculature,  whichever  is  helping  the  other.  This  undeniably 
results  in  an  increased  consumption  of  oxygen  and  equally  increased  forma- 
tion of  carbon  dioxid.  Although  this  cannot  be  proved  by  actual  figures, 
we  may  safely  assume  that  in  conditions  of  severe  dyspnea  uninterrupted 
by  actual  intervals  of  rest  this  increase  must  be  quite  considerable. 

It  is  quite  conceivable  that  a  time  may  come  when,  in  spite  of  the 
muscular  work  performed,  the  gaseous  interchange  is  insufficient  on 
account  of  the  restriction  of  the  pulmonary  surface.  The  results  of  the 
increase  in  the  work  of  the  muscles  control  the  situation ;  the  extra  amount 
of  oxygen  required  cannot  be  supplied,  the  carbon  dioxid  formed  by  the 
action  of  the  muscles  cannot  be  disposed  of,  and  the  resulting  unfavorable 
mixture  of  gas  in  the  blood  makes  itself  felt,  first,  in  the  working  muscles 
themselves,  and  later  also  i^  ^^^  central  organs. 

The  assistance  furnislj^^i  by  the  latter  becomes  weaker  because  the 

central  organs  tire  just  ^  the  muscles  tire.    Unless  the  trouble  can  be 

remedied  by  diminisbiii^  i^q  amount  of  work  performed  by  restricting 

the  consumption  of  o^y^  t*^  ^nd  with  it  the  formation  of  carbon  dioxid, 

collapse  of  the  entire  /%  ^     ^rV  is  only  a  question  of  time.    To  all  this 
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there  are  frequently  superadded  in  chronic  heart  patients  changes  in  the 
blood-vessels  of  the  lung,  brown  induration,  etc.,  which  permanently 
increase  the  resistance  to  the  movement  of  the  air  as  well  as  of  the  blood, 
and  thus  narrow  down  the  limits  of  fatigue. 

If  there  is  elevation  of  temperature,  which  in  itself  causes  ''heat 
dyspnea"  and  aggravates  the  above-described  processes,  even  speedier 
fatal  termination  may  be  looked  for.  We  need  not  hesitate  to  add  what 
happens  when  a  heart  patient  is  forced  to  bodily  exertion.  A  few  steps 
suffice  to  bring  on  dyspnea,  although  the  work  involved  is  surely  greater 
than  that  of  respiration  when  all  the  auxiliary  muscles  are  brought  into 
play.* 

Another  condition  that  belongs  to  this  group  is  an  accumulation  of 
fluid  or  air  within  the  peritoneal  cavity.  The  size  of  the  effusion  is  less 
important  than  the  degree  of  tension.  The  same  conditions  obtain  as  in 
the  case  of  plem-isy  or  pericarditis.  Large  accumulations  of  fluid  may 
produce  djrspnea  and  seriously  embarrass  the  circulation  by  preventing 
the  descent  of  the  diaphragm  quite  as  much  as  an  excessive  accumulation 
of  air  in  the  intestines.  The  most  alarming  symptoms  are  observed  in 
perforation-i)eritonitis  when  large  quantities  of  gas  escape  into  the 
peritoneal  cavity. 

It  is  generally  thought  that  the  disastrous  consequences  in  severe  cases 
are  due  to  the  complete  absence  of  the  inspiratory  descent  (flattening) 
of  the  diaphragm.  In  the  very  worst  cases  this  is  not  all;  the  pressure  is 
transmitted  fh)m  the  peritoneal  cavity  through  the  relaxed  diaphragm 
to  the  thoracic  cavity,  so  that  the  lower  portions  of  the  lung  are  actually 
compressed.  The  respiratory  surface  is  thus  diminished,  with  all  the 
consequences  of  that  condition. 

Probably  there  is  also  some  indirect  interference  with  the  movement 
of  the  blood,  at  least,  in  the  sphere  of  the  inferior  vena  cava.  Here,  how- 
ever, the  conditions  are  very  complicated. 

I  shall  have  to  content  nnrself  with  giving  a  brief  account  of  certain  experiments 
which  I  performed  with  a  different  object  in  view.  Large  quantities  of  atmospheric 
air  were  forced  into  the  closed  peritoneal  cavity  of  dogs  under  high  pressure  and 
aOowed  to  remain  for  hours. 

In  all  these  cases  circulatory  as  well  as  respiratory  disturbances  were  observed. 
The  degree  which  these  disturbances  may  attain  is  shown  by  the  following  experiment : 

Vigorous  dog,  weighing  28  kg.  The  pressure  of  the  air  in  the  peritoneal  cavity 
during  a  period  of  three  hours  fluctuated  between  76  and  88  mm.  of  mercury,  after 
which  blood  was  withdrawn  from  the  femoral  artery,  which  had  been  previously 
eznosed.  But  the  blood  flowed  so  slowly  that  the  intra-abdominal  pressure  had  to  be 
rectuced  to  52  mm.  of  mercury  before  the  blood  could  be  collected  over  mercury 
without  undergoing  coagulation. 

The  percentage  of  gas  contained  in  this  blood  was  considerably  less  than  normal 
(Prof.  V.  Httfner's  analysis).  For  purposes  of  comparison  I  give  Pfltiger's  average 
figures  in  a  paraUel  colunm: 

IN  100  VOLUMES. 


Blood  Used 
IN  Experi- 
ment. 


Normal. 


DXFFEBCNCli. 


Total  quantitv, . 
Carbon  dioxid,  . 

Oxygen, 

Nitrogen, 


30.50 

19.51 

10.55 

0.44 


58.30 

34.30 

22.20 

1.80 


48  per  cent. 
43       " 
52       " 
76 


*  See  also  the  section  on  Cardiac  Dyspnea. 
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It  is  obvious  from  these  figures  that  the  slowing  of  the  circulation  caused  marked 
impairment  of  metabolism.  This  develops  comparativelv  rapidly  and  disappeare 
with  equal  rapidity  as  soon  as  the  high  positive  mtra-abdominal  pressure  has  been 
again  reducecl. 

It  may  possibly  be  of  interest  to  give  a  brief  account  of  another  observation. 
In  the  same  animal  the  pressure  in  the  abdominal  cavity  was  +80  mm.  of  mercury 
four  hours  after  the  begmning  of  the  experiment — at  3.30  p.  m. 

When  the  femoral  artery  was  opened,  only  a  scanty  flow  of  dark  blood  was  ob- 
tained. By  letting  out  air,  the  pressure  was  reduced  to  zero;  at  3.35  p.  m.  air  was 
again  injected,  so  that  at  3.42  the  pressure  was  again  +80  mm. 

This  was  followed  by  a  copious  flow  of  bright-red  blood.  At  3.45,  the  pressure 
beinff  still  +80,  the  blood  from  the  femoral  artery  was  black  and  flowed  very 
alowl^.  I  may  remark  that  only  a  few  cubic  'centimeters  of  blood  were  removed 
-each  time. 

At  the  autopsy  (the  animal,  which  had  been  anesthetized,  was,  of  course,  not 
allowed  to  bleed  to  death)  both  sides  of  the  heart  were  found  empty;  the  large  veins 
were  engorged,  especially  the  superior  vena  cava. 

Even  a  tension  of  36  mm.  of  mercury  is  sufficient  to  produce  serious  disturbances. 
I  do  not  know  whether  any  measurements  have  ever  been  made  on  man  to  deter- 
mine the  intra-abdominal  pressure  in  peritonitic  processes.  That  the  degree  of 
tension  must  be  considerable  will  be  douoted  by  no  one  who  has  liberated  gas  from 
the  intestine  or  the  free  peritoneal  cavity  under  such  circumstances.  But  I  will 
not  venture  to  say  how  far  my  experiments  are  applicable  to  man. 

SYMPTOMATOLOGY  (SUMMARY). 

When  the  heart  stops  beating  suddenly  and  forever,  death  ensues  in  a 
very  short  time.  The  individual  may  have  time  to  carry  his  hand  to  his 
chest  and  cry  out  that  he  is  choking  or  dying ;  consciousness  is  immediately 
lost,  the  face  becomes  pale,  the  radial  puLse  cannot  be  felt,  the  heart-sounds 
become  more  and  more  dull  and  feeble,  and  the  contractions  irregular. 
Occasionally  there  are  sHght  convulsions — and  then  the  end.  Or  death 
may  be  even  more  rapid,  sudden  collapse  without  any  indication  that  the 
victim  has  felt  anything. 

I  have  already  cited  cases  of  laceration  of  the  heart,  the  entrance  of 
air  into  the  heart,  and  embolism  of  the  pulmonary  artery,  and  have  given 
details  in  those  connections. 

Even  when  the  symptoms  are  most  alarming,  however,  the  heart  action 
may  be  restored,  as  in  the  second  case  of  entrance  of  air  into  the  heart  re- 
ported on  page  26.  The  accident  is  more  frequently  observed  after 
shock,  after  severe  hemorrhage,  and  especially  after  intense  emotional 
excitement  in  those  who  are  not  endowed  with  a  resistant  nervous  system. 
The  length  of  time  an  interruption  of  the  heart's  action — to  the  observer 
at  least  complete — can  be  borne  without  causing  death  varies  greatly  in 
individual  cases;  at  most  it  is  but  a  few  minutes.  If  the  case  is  to  end 
favorably,  the  observer  first  feels  a  faint  pulsation  in  the  precordial  region ; 
presently,  as  the  heart-beats  gain  strength  and  regularity,  the  heart-sounds 
begin  to  be  audible — at  first  an  indistinct,  dull  sound,  probably  produced 
by  the  muscle,  and  after  a  time  a  louder,  clearer  tone,  which  gradually 
approaches  in  quality  the  normal  heart-sound.  The  pulse  again  becomes 
perceptible,  the  pallor  disappears,  and  consciousness  returns. 

In  the  subacute  form  of  hea.rt  failure,  which  develops  more  slowly,  the 
disturbances  at  first  are  fhe  same,  but  the  course  is  less  stormy  and  the 
highest  degree  of  carcffn  .  ^tiffi^iency  is  not  attained  in  every  case.  Pal- 
lor of  the  face,  and  cqU  ^  ^^  M  ^^^  ^^^  ^^^  ^^^^  ^^^  ^^P  ^^  *^  ^^^>  ^^^ 

ears  are  present,  ariH  ^^  "'" "* '""  "" '  "-'"  "'''''' 

This  Is  because  the  <      '^  ^^  - 
haijsitesua  barely  i  ' 
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quent.  The  heart-sounds  are  dull ;  the  respirations  are  often  accelerated 
and  irregular,  but  may  be  deep  and  slow ;  consciousness  is  at  least  some- 
what clouded  and  not  infrequently  lost  altogether.  In  febrile  cases  there 
is  usually  a  fall  of  temperature,  and  even  in  non-febrile  cases  there  may  be 
a  drop  of  more  than  a  degree  [centigrade. — Ed.].  The  question  of  life 
or  death  depends  on  whether  the  heart's  action  becomes  stronger  again  or 
is  extinguished  altogether. 

The  clinical  picture  of  protracted  and  possibly  permanent  heart  weak- 
ness is  in  the  main  fairly  definite. 

The  earliest  and  most  constant  sign  is  that  work  beyond  a  certain  limit 
can  no  longer  be  performed  without  inconvenience.  This  first  betrays 
itself  by  fatigue  of  the  skeletal  muscles  coming  on  earlier,  and  by  a  diminu- 
tion of  the  energy  they  are  able  to  furnish  in  a  unit  of  time.  Heart  patients 
have  to  rest  at  short  intervals  and  cannot  do  as  much  work  as  before. 
In  fact,  this  is  the  constant  complaint  of  those  who  have  to  make  their 
living  by  the  work  of  their  hands.  Another  symptom  is  shortness  of 
breath,  which  develops  much  earlier  than  in  healthy  individuals  whenever 
a  little  extra  exertion  is  called  for.  In  patients  previously  exempt  a 
great  tendency  to  bronchial  catarrh  soon  manifests  itself.  The  digestive 
processes  may  also  be  somewhat  disturbed.  The  patient  says  he  can  no 
longer  eat  everything;  he  complains  of  distention  in  the  epigastrium,  with 
a  sense  of  pressure  some  time  after  eating;  constipation  is  a  very  frequent 
complaint.  In  brain-workers  there  is  often  a  slight  but  unmistakable  loss 
of  mental  power,  besides  a  change  in  the  disposition,  showing  itself  either 
in  ill  humor  or  possibly  in  a  pessimistic  tendency. 

If  the  patient's  circumstances  are  such  that  he  can  devote  himself  to 
the  care  of  his  health,  and  if  he  really  does  so,  he  may  live  on  in  tolerable 
comfort  for  years.  Except  for  the  impairment  of  his  strength,  the  greater 
vulnerability  of  the  bronchial  mucous  membrane  and  the  necessity  of  ad- 
hering to  a  careful  diet,  there  are  no  disturbances.  By  planning  his  mode 
of  life  with  due  reference  to  all  these  things  and  demanding  no  more  of  his 
strength  than  the  altered  conditions  permit,  the  patient  may  save  him- 
self much  serious  trouble. 

Unavoidable  accidents,  it  is  true,  may  at  any  time  cause  a  breach  in  the 
rampart  that  can  never  be  repaired.  Febrile  diseases,  especially  those 
which  involve  the  respiratory  organs, — the  pneumonias, — are  a  serious 
menace,  not  to  mention  those  which  affect  the  heart  directly.  Even  if 
life  is  preserved,  a  distinct  change  for  the  worse  in  the  permanent  disease 
can  hardly  be  prevented. 

The  case  is  different  when  an  already  weakened  heart  is  daily  com- 
pelled to  exceed  the  limit  of  its  functional  power.  Troublesome  palpita- 
tion very  often  develops  even  during  rest;  sleep  is  frequently  disturbed  by 
it,  and  especially  is  the  patient  unable  to  go  to  sleep.  Resistance  to  fatigue 
is  diminished;  the  appetite  suffers,  and  other  digestive  disturbances  soon 
make  their  appearance.  Sooner  or  later  the  patient  is  forced  to  take 
to  his  bed. 

It  may  still  be  possible,  by  absolute  rest  and  suitable  feeding,  to  bring 
about  considerable  improvement,  but  usually  it  is  too  late,  particularly 
in  the  case  of  patients  who  work  with  their  hands. 

The  fully  developed  clinical  picture  is  as  follows:  The  face  is  bluish  or 
pale;  the  cheeks,  lips,  and  sclerae  distinctly  cyanotic.  The  veins  in  the 
neck  are  distended,  fail  to  empty  themselves  properly  during  inspiration, 
swell  during  expiration,  and  exhibit  pulsations  synchronous  with  the 


54  INSUFFICIENCY  OF  THE  HEART. 

heart-beat.  The  muscles  of  the  shoulder-girdle,  the  sternocleidomastoids, 
trapezii,  and  scaleni,  are  tense  and  continuously  active.  When  dyspnea 
becomes  intense,  the  patient  sits  erect  and  grasps  a  support  with  both 
hands  in  order  to  get  the  benefit  of  additional  muscles,  the  pectorals,  etc., 
in  expanding  the  thorax.  In  some  cases,  as  when  there  is  extensive 
bronchial  catarrh  or  some  other  obstruction  in  the  air-passages,  the  auxil- 
iary muscles  of  expiration — the  abdominal — are  also  called  into  forced 
activity.  The  breathing  in  general  is  always  labored.  The  surface  of  the 
body  is  cool,  especially  the  parts  most  distant  from  the  heart,  as  the  hands 
and  feet,  the  tip  of  the  nose,  and  the  ears.  Not  infrequently  edema 
develops,  beginning  about  the  ankles  and  gradually  ascending,  more 
marked  on  the  posterior  than  on  the  anterior  surfaces;  effusions  take 
place  in  the  peritoneal  cavity  and  sometimes  also  in  the  pleural  sacs.  The 
liver  is  often  considerably  enlarged,  sensitive  to  pressure,  and  may  present 
a  true  venous  pulse.    The  spleen  is  also  enlarged. 

The  outline  of  cardiac  dulness  varies,  as  it  must,  according  to  the  cause 
of  the  cardiac  weakness.  Marked  fluctuations  in  the  extent  of  the  cardiac 
dulness  may  be  observed  within  a  very  short  time  because  the  tension  of 
the  weakened  muscular  walls  undergoes  rapid  changes. 

With  regard  to  the  heart's  action,  marked  differences  are  observed. 
The  variations  are  so  great,  not  only  in  the  same,  but  also  in  different, 
cases  that  general  statements  can  only  be  made  with  the  greatest  reserve. 
Two  fundamental  types  may,  however,  be  distinguished: 

1.  The  heart-beats  are  frequent  or  infrequent,  regular  or  somewhat 
irregular,  but  always  feeble;  the  sounds  are  weak  and  hollow,  but  pure. 

2.  The  heart-beats  are  constantly  frequent,  but  the  contractions  follow 
one  another  always  at  irregular  intervals  and  vary  greatly  in  strength. 

Some  are  exceedingly  feeble  and  barely  drive  enough  blood  into  the 
partially  filled  aorta  to  produce  a  distinct  pulse-wave  in  the  radial  artery. 
These  are  followed  by  other  contractions,  very  much  more  vigorous  than  the 
former,  which  may  be  so  strong  that  they  seem  to  exceed  in  power  the 
contractions  of  a  normal  left  ventricle.  The  heart-sounds  in  this  form  are 
very  variable.  They  are  very  apt  to  be  replaced,  or  at  least  accompanied 
by  murmurs. 

The  excretion  of  urine  is  cases  of  heart  weakness  in  general  is  usually 
much  diminished;  it  may  be  only  100  c.c.  in  twenty-four  hours,  although 
in  most  cases  several  hundred  cubic  centimeters  are  evacuated.  The 
urine  is  dark  and  of  high  specific  gravity;  on  cooling,  it  throws  down  a 
precipitate  consisting  chiefly  of  urates.  Albumin  is  frequently  present, 
at  least  at  times,  but  alwa3rs  in  small  quantities. 

The  appetite  is  always  diminished,  and  in  severe  cases  almost  abolished. 
Other  digestive  disturbances — vomiting,  obstinate  constipation — also 
develop  later.  A  tendency  to  constipation  is  practically  constant,  while 
diarrhea  is  rarely  observed. 

The  mental  activity  varies.    As  a  rule,  the  patients  complain  of  dizzi- 
ness, a  sense  of  pressure  and  tension  in  the  head,  and  are  incapable  of  sus- 
tained and  serious  thougl^^      With  rare  exceptions  they  are  depressed, 
surly,  and  irritabJe.   The  UaJj  of  mental  as  well  as  bodily  rest  is  very  great, 
but  refreshing  sleep  is  n^^  w^  absent.    As  the  heart  weakness  increases, 
hebetude,  sonmolence,  ^^T^*^^  0\\y  actual  loss  of  consciousness  and  coma 
develop.     Violent  deliii,**(i  6^ ^aX^y  does  not  occur,  or  at  most  is  of  very 
short  dur&tiOQ,  *^^   i0 

The bcHiy.temper^^^         ^      ^-^vs  somewhat  diminished;  sometimes  it 
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is  several  degress  below  the  normal  unless  from  one  cause  or  another  fever 
is  present.  The  nutrition  of  the  body  suffers,  and  in  severe  cases  actual 
emaciation  with  its  consequences  develops.  Bed-sores  and  also  thrush 
are  difficult  to  prevent.  Death  may  occur  unexpectedly,  but  in  most 
cases  dissolution  is  gradual. 

In  the  fully  developed  clinical  picture  the  local  changes  in  the  heart 
itself  are  not  marked.  This  is  practically  always  the  case  during  this 
p>eriod  of  the  disease,  and  it  is  often  difficult  or  even  impossible  to  decide 
whether  there  is  a  lesion  in  the  valves  or  at  the  orifices,  or  whether  the 
disturbance  affects  only  the  muscle. 


Individual  Sykiptoms  in  Chronic  Cardiac  Insufficiency. 

1.  The  Heart  Itself. — The  working  power  of  the  heart  depends  on  the 
condition  of  its  muscle.  The  truth  of  this  simple  proposition  was  for  a 
long  time  unheeded.  Clinicians  preferred  to  busy  themselves  with  the 
changes  at  the  orifices  and  in  the  valves  which  regulate  the  direction  of  the 
blood  current  than  with  those  parts  which  actually  furnish  the  work. 
The  purely  mechanic  conceptions  which  are  the  result  of  this  tendency 
must  be  stigmatized  as  one-sided,  for  we  know  that  the  proper  working 
of  the  valvular  apparatus  depends  very  much  on  certain  specially  arranged 
muscle  bundles  in  the  heart. 

The  principal  reason  why  the  muscle-fibers  of  the  heart  Were  neglected 
is  that  marked  tissue  disturbances,  particularly  in  large  foci,  seem  to  be 
rare  in  the  myocardium.  Examination  with  ordinary  methods  failed  to 
reveal  anything  definite,  and  without  the  evidence  of  distinct  changes  a 
hesitation  was  felt  in  approaching  the  question  of  the  functional  signifi- 
cance of  the  muscle.    The  signs  of  inflammation  were  apparently  ateent. 

In  all  my  postmortem  reports  of  fatal  cases  of  genuine  pneumonia,  in  most  of 
which  the  autopsy  was  made  by  mv  colleague  SchQppel,  and  which  I  published  at 
the  time,  the  note  is  found  again  and  again  with  variations,*  **  Fatty  and  albuminous 
defeneration/'  so  that  I  thought  it  would  be  of  little  interest  to  give  the  details. 
I  hoped  to  obtain  by  chemic  meansf  some  data  which  might  indicate,  if  only  roughly, 
the  pathologic  condition,  but  my  attempts  in  that  direction  were  fruitless. 

Many  agreed  with  Ruhlet  that:  "Before  venturing  to  insert  among 
those  forms  of  heart  disease  which  hav^  an  anatomic  foundation  a  group 
characterized  solely  by  functional  changes,  it  is  necessary  to  show  that 
with  the  aid  of  all  our  present  methods  of  investigation  it  is  impossible  to 
demonstrate  any  anatomic  changes  that  might  serve  to  explain  the 
fimctional  disturbances;  and  this  has  certainly  not  been  done  in  cases  of 
'overexertion  of  the  heart.'  At  least,  something  similar  to  it  ought  to  be 
demonstrated  in  other  transversely  striated  muscles."  In  the  article 
quoted,  Riihle  gives  brief  directions  for  the  finding  of  small  myocarditic 
foci,  which  he  obtained  from  Koster,  who  had  a  si)ecial  gift  for  recognizing 
these  changes  macroscopically.  Riihle  himself  gives  a  detailed  clinical 
description  of  his  own  observations  in  these  conditions  made  on  the  ana- 
tomic basis  of  "  myocarditis."    The  picture  which  he  presents  is  practically 

^"Croupdse  Pneumonie,"  "Beobachtungen  aus  der  TObinger  PolikUnik," 
TQbincen,  Laupp,  1883,  S.  288. 

t  Loc.  cU.,  pp.  288.  289. 

i  "Zur  Diagnose  der  Myocarditis,''  "Deutsches  Archiv  fOr  klinische  Medicin/' 
Bd.  xxii  (1878),  S.  98. 
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identical  with  Miinzinger's*  description  of  the  Tubingen  heart,  which  he 
took  from  my  cases  in  the  PoUklinik.  Even  at  that  time,  after  several 
years'  observation  of  these  cases,  which  are  so  common  in  Tiibingen,  I 
formed  the  opinion  that  the  chief  lesion  was  in  the  heart  muscle.  It 
is  quite  possible  to  gain  a  clear  insight  into  the  condition  from  a  purely 
clinical  standpoint  by  taking  the  anatomic  finding,  "degeneration  of  the 
heart  muscle,"  and  its  immediate  consequence,  "disturbance  of  the  heart 
action,"  as  the  starting-point  for  one's  investigation  of  the  subject. 
Compared  with  the  primary,  fundamental  conception,  the  presence  or 
absence  of  a  valvular  lesion  is  of  secondary  importance,  although  it  may 
be  important  in  the  diagnosis  of  an  individual  case.  Valvular  lesions, 
that  is,  disturbances  of  the  valvular  apparatus,  merely  form  a  link  in  the 
morbid  process  which  terminates  in  cardiac  insufficiency,  or  permanently 
insufficient  work  on  the  part  of  the  heart,  t  I  felt  no  hesitation  in  select- 
ing this  view  as  the  basis  of  the  description  of  diseases  of  the  heart  in  my 
"Lehrbuch  der  speciellen  Pathologie  und  Therapie,"t  for,  as  the  years 
went  on,  I  became  more  and  more  convinced  that  this  view  is  both  the 
simplest  and  the  one  which  best  fits  the  case. 

That  this  is  justified  has  been  demonstrated  by  anatomic  and  physio- 
logic facts  as  well  as  by  the  results  of  the  histologic  investigations  carried 
out  on  the  diseased  heart  by  means  of  modem  improved  methods.  These 
investigations  have  effected  something  more.  Koster,  in  his  fine  contribu- 
tion,$  published  a  number  of  years  ago,  showed  that  a  large  proportion  of 
the  changes  occurring  in  the  heart  in  small  disseminated  foci  must  be 
attributed  to  infection.  He  also  showed  that  these  changes  are  not  limited 
to  the  coverings  of  the  organ  nor  to  the  muscles,  but,  as  a  rule,  involve 
different  parts  of  the  heart  at  the  same  time.  These  discoveries  have  been 
abundantly  confirmed  and  still  further  elaborated  by  the  Leipzig  school 
(Krehl,||  Romlierg,**  Kelleft)-  We  now  know  that  pericardium,  endo- 
cardium, and  myocardium  are  all  involved  together  in  the  morbid  process, 
as  well  as  the  blood-vessels — as  for  the  nervous  constituents  of  the  heart, 
nothing  definite  can  be  said  as  yet. 

It  would,  therefore,  be  more  correct — even  judging  from  clinical  obser- 
vation— always  to  speak  of  a  pancarditis,  although  it  is  needless  to  say 
this  does  not  relieve  the  physician  of  the  responsibility  of  trying  to  find 
out  which  portions  of  the  organ  are  chiefly  diseased.  In  my  opinion,  this 
means  more  than  a  mere  change  of  nomenclature.  The  accepted  terms 
are  certainly  not  calculated  to  help  the  inexperienced  physician  or  the 
student  to  gain  a  clear  insight  into  the  problem. 

The  description  of  the  anatomic  aspects  of  cardiac  disturbances  does  not 
belong  to  the  present  subject  and  will  be  discussed  in  another  place.  On 
the  other  hand,  there  are  a  number  of  individual  clinical  phenomena  that 
require  more  detailed  description. 

First,  as  regards  the  extent  of  the  cardiac  dulness. 

We  now  know  that  it  may  exhibit  marked  variations  within  a  very 

*"Deut8che8  Archiv  fUr  klinische  Medicin,"  Bd.  xix  (1877). 
t  Mtinzinger,  loc.  cit.y  p.  457. 

t  Section  130  of  the  first  edition  (1886),  "Insufficienz  des  Herzens." 
§  "Ueber  Myocarditis/'  Ponti  Programm,  1888. 

\\  "Beitrag  zur  PatJi^K  -^  ckr  Herzklappenfehler,"  "Deutsches  Archiv  fur 
klinische  Medicin/^  iUL  Jt/yi  ?]  S90)t  S.  454  ff. 

**  **Ueber  die  F.rkranL    (**^^  ties  Herzmuskels  bei  Typhus  abdominalis  u.s.w.," 

ibid.,  Bd.  xiviii  (mi  i  s  ^}^n^^ 

if'^UebGrprimun^  ch'/^WJf'     Myocarditis,"  ibid.,  Bd.  xlix  (1892),  S.  442  ff. 
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short  time.  Rapidly  developing  dilatation  from  excessive  bodily  exertion 
may  subside  with  equal  rapidity  if  the  heart  is  healthy  and  remains  healthy. 
In  proof  of  this  I  have  already  cited  the  observation  made  by  the  English 
physician  Allbutt  on  himself  while  climbing  a  mountain.  (See  p.  40.) 
That  the  course  of  events  may  be  dififerent,  however,  is  shown  by  an  im- 
portant case  described  by  Oscar  Fraentzel.  (See  p.  41.)  I  shall  cite 
the  following  as  an  example  of  what  sometimes  occurs  when  the  heart  has 
been  diseased  for  some  time. 

Personal  Observation  5. — Hypertrophied  heart,  slight  insufficiency  of  the  mitral 
Talve  and  stenosis  of  the  left  auriculo ventricular  orifice.  Cardiac  weakness  after 
bronchial  catarrh;  dropsy.  Sudden  severe  symptoms  of  dyspnea  and  relaxation  of 
the  heart;  simultaneous  formation  of  a  small  hemorrhage  infarct.  Acute  dilatation, 
especially  of  the  right  heart,  subsiding  in  a  short  time.  Intestinal  hemorrhage. 
Sudden  death.     The  case  was  under  clinical  observation  for  seven  months. 

Female,  fifty-four  years  of  age.  Since  her  youth  she  has  worked  hard,  especiallv 
in  the  fields,  and  has  suffered  from  palpitation  and  dyspnea  "for  many  years.^' 
Pneumonia  seven  and  five  years  ago. 

Toward  the  end  of  1888  she  was  treated  in  the  Poliklinik  for  ascites  and  cuta- 
neous edema,  which  had  been  preceded  by  bronchial  catarrh.  Discharged  in  the 
beginning  of  March,  1889.  Has  not  been  able  to  do  as  much  work  since  then.  In 
June  she  again  noted  swelling  of  the  hands  and  feet  and  the  dyspnea  and  palpitation 
increased.    Admitted  June  25,  1889;  the  same  findings  as  before. 

Sudden  chance  for  the  worse  on  the  first  of  July  at  4  o'clock  in  the  morning.  At 
11  o'clock  the  following  notes  were  dictated: 

The  woman  sits  upright  in  bed ;  there  is  extreme  cy^anosis  of  the  lips  and  a  rather 
yellowish-green  discoloration  of  the  forehead.  Positive  venous  pulse  in  the  neck, 
extreme  dyspnea, — 60  respirations  in  the  minute, — ^labored  expiration;  epi^tric 
pulsation.  The  radials  are  tortuous  and  hard;  the  pulse  120  beats  in  the  minute, 
r^ular,  and  accompanied  by  marked  and  extensive  pulsations  of  the  thorax. 
Marked  edema  of  the  hands,  also  of  the  entire  legs  and  of  the  abdominal  wall. 
Moderate  ascites,  the  dulness  extending  a  hand's  breadth  below  the  umbilicus. 

Thorax  not  typically  barrel-shaped.  The  percussion-note  is  not  distinctly  deep 
trmpanitic.  The  lower  border  of  tne  lungs  posteriorly  at  the  spinous  process  of  the 
^venth  dorsal  vertebra;   in  front,  at  the  level  of  the  fifth  rib. 

At  the  left  base  the  lower  border  of  the  lung  is  about  1  cm.  higher  than  on  the  right 
side,  and  in  the  posterior  axillary  line  merges  with  a  dull  area  of  rectangular  shape 
5  cm.  in  the  vertical,  and  8  cm.  in  the  horizontal,  diameter.  This  dull  area,  which  is 
fairly  resistant,  is  quite  sensitive  to  pressure.  About  3  cm.  above  the  upper  border 
of  the  dulness  in  the  axillary  line  a  sound  is  heard  durine  respiration  which  may  per- 
haps be  interpreted  as  a  rub.  Numerous  riles  are  heard  scattered  over  both  lungs. 
The  apex  impulse  is  in  the  fifth  intercostal  space  and  anterior  axillary  line.  Car- 
diac oulness:  upper  border,  second  intercostal  space;  right,  about  one  finger's 
breadth  beyond  the  right  sternal  border  in  the  upper  part,  below,  at  the  lower  border 
of  the  lun^,  in  the  mammillary  line. 

Systolic  murmur  at  the  apex;  the  other  heart-sounds  are  pure  and,  on  the  right 
side,  remarkably  loud.    There  is  frequent  vomiting. 

An  analysis  of  the  course  of  the  disease  reveals  the  following:  Fluctuations  in 
the  extent  of  the  cardiac  dulness.  The  cardiac  dulness  began  to  diminish  on  the 
second  of  July,  and  this  diminution  continued  until  the  sixth,  when  the  cardiac 
dulness  was  mailer  by  j^.5  cm,  than  on  the  first  of  July.  The  apex  impulse  moved 
inwanl  a  corresponding  degree.  The  diminution  to  the  right  of  the  sternum  was 
insignificant.  On  the  eighth  of  July  an  increase  of  about  1  cm,  in  the  horizontal 
diameter  was  demonstrable;  after  that  there  was  no  further  change. 

The  heart  action  began  to  quiet  down  on  the  second.  The  pulse  averaged  97 
beats  in  the  minute,  the  maximum  being  106  and  the  minimum  90. 

Respiratory  rate:  medium,  34;  maximum,  40;  minimum,  32.  The  tempera- 
ture only  once— on  the  evening  of  the  first  of  July— rose  to  38. 1°  C.  (100.6*^  F.).  The 
dull  area  on  the  left  persisted  until  the  end;  as  early  as  the  second  of  July  distinct 
friction  could  be  heard  over  this  area  and  later  also  ringing  r^les.  There  was  no 
bloody  sputum.  The  ascites  and  anasarca  increased,  but  the  subjective  condition 
of  the  patient  improved. 

On  the  sixteenth  of  July  she  conversed  with  the  attendants  as  usual.     At  9 
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o^clock  she  went  to  the  commode,  suddenly  collapsed,  was  with  great  difficulty 
brought  back  to  bed,  and  immediately  died. 

I  shall  give  only  the  principal  points  in  the  autopsy  notes,  which  were  dictated 
by  Professor  v.  Baumgarten : 

Great  anasarca;  marked  cyanosis  of  the  face;  about  four  liters  of  fluid  removed 
from  the  abdominal  cavity;  pleural  cavities  contain  only  a  small  quantity  of  dear 
fluid. 

Pericardium  intimately  adherent  to  the  heart.  The  heart  measures  from  ri^ht 
to  left  16.5  cm.,  the  length  from  the  insertion  of  the  large  vessels  to  the  apex  bemg 
13  to  14  cm.     The  apex  extends  to  the  center  of  the  sixth  intercostal  space. 

After  the  pericardium  is  separated  the  heart  appears  enormouslv  enlarged  and 
somewhat  conic  in  shape.  The  longitudinal  groove  deviates  to  the  left  so  tnat  the 
right  ventricle  forms  two-thirds  of  the  anterior  heart  wall.  Coronary  vessels  enor- 
mously swollen.    The  adhesions  between  the  pericardial  layers  are  quite  thin. 

The  left  auricle  contains  abundant  ''currant- jelly"  clots. 

The  mitral  easily  admits  two  fingers.  The  auricular  surface  of  the  mitral  is 
incrusted  with  irregularly  nodular  calcareous  masses.  The  curtains  of  the  mitral 
are  thickened  and  tendinous  and  somewhat  retracted;  the  flaps  are  adherent  to  one 
another  in  both  diameters. 

The  other  valves  are  intact.  The  wall  of  the  right  ventricle  in  some  places 
measures  as  much  as  8  mm.  in  thickness;  the  rieht  ventricle  is  greatly  dilated.  Its 
lumen  extends  to  the  apex;  the  left  ventricle  enas  above  the  apex.  The  apex  of  the 
right  auricle  contains  a  thrombus. 

The  upper  portion  of  the  left  lung  is  emphysematous,  while  the  lower  is  atelecta- 
tic. Below  there  is  an  adhesion  between  the  most  anterior  portion  of  the  lunff  and 
the  diaphragm.  This  area  involves  the  lower  lobe  and  part  of  the  upper  lobe. 
Over  the  re^on  of  the  adhesion  the  pleura  is  covered  with  villous  excrescences. 

At  the  tip  of  the  lingula  and  in  a  portion  near  the  posterior  border  of  the  lower 
lobe  are  firm  dark-red  masses  which  cause  bulging  of  the  tissues.  The  one  near  the 
posterior  pulmonary  border  is  as  large  as  a  walnut  and  when  cut  proves  to  be  a 
Hemorrhagic  infarct.    The  right  lun^  contains  nothing  special. 

The  spleen  is  somewhat  enlarged  and  firm;  the  cut  surface  is  dark  red  and  full 
of  blood  (congested  spleen).  It  occupies  a  vertical  position  and  the  tip  is  covered 
by  the  twelfth  rib,  leaving  a  space  about  as  wide  as  two  fingers  between  the  spleen 
and  the  diaphra^. 

Goneested  kidneys.  In  the  liver  the  acini  are  distinctly  seen;  the  centers  are 
dark  red,  the  peripheral  portions  yellowish;  but  the  organ  does  not  present  the  ap- 
pearance of  the  cyanotic,  nutmeg  liver. 

Gastro-intestinal  mucous  membrane  extremely  hyperemic.  The  duodenum 
contains  some  blood-tinged  mucus;  the  small  intestine  is  deeply  injected  and  the 
lowest  portions  of  the  ileum  contain  large  interstitial  hemorrhages.  The  intestinal 
contents  at  this  point  also  show  an  abundance  of  fresh  blood. 

Aside  from  the  anatomic  changes  in  the  mitral  valve,  which  are  quite 
considerable,  the  heart  in  this  case  presents  in  the  main  the  features  of  a 
hypertrophied  heart  which  has  become  permanently  disabled  by  pro- 
tracted bronchial  catarrh.  The  sudden  change  for  the  worse  may  possibly 
have  some  connection  with  the  small  hemorrhagic  infarct  in  the  lung,  but 
this  is  not  certain.  There  is  also  a  possibility  that  the  heart  failure  may 
have  been  due  to  some  other  cause,  unknown,  and  that  the  infarct  played 
a  very  secondary  r61e. 

From  a  diagnostic  standpoint  it  is  rather  interesting  that  the  extent  of  the  dul- 
ness  at  the  point  where  the  infarct  was  assumed  to  exist  and  where  it  was  actually 
found  underwent  some  change  during  the  time  the  case  was  under  observation,  so 
that  the  portion  below  the  (uaphra^  appeared  to  vary  in  size  from  time  to  time. 
The  exact  measurements  ai«  of  no  importance.  The  presumption  that  the  spleen 
was  concerned  finds  f  '    "  »        •.•       .      s .  i    ..  ..       ^    - 

the  autopsy.     The  i 


to  be  about  as  I^ive  as  a  ^alri.,JP^  ,^3  too  small  to  be  detected  by  percussion,  although 
It  was  penpher^iy  gituAted  "s  '^^T  first  was  probably  larger  on  account  of  the  con- 
stant  edema  x^  t^^ iaimedf^^i  ^>aborbood. 

A  very  ^Ih^^^^atp^.     ^^     ^^  change  in  the  extent  of  the  cardiac  dul- 
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neas  and  the  reduction  which  took  place  in  its  size,  which,  as  was  demon- 
strated, amounted  to  4.5  cm.  At  the  same  time  the  apex-beat  moved 
toward  the  median  line,  the  heart  quieted  down,  and  the  pulse  diminished 
in  frequency  by  more  than  twenty  beats.  The  respirations  also  dimin- 
ished by  twenty  to  the  minute.  But  the  improvement  in  the  action  of 
the  heart  was  only  temporary;  after  two  days  the  heart  dulness  again  in- 
creased by  1  to  1.5  cm.  and  the  dropsy  increased. 

The  significance  of  this  variation  in  the  extent  of  the  heart  dulness  is 
obvious.  If  it  spreads,  the  heart  itself  is  larger;  if  it  contracts,  it  is  a  sign 
that  the  viscus  has  again  diminished  in  size.  A  change  occurring  in  so 
short  a  time  can  only  be  due  to  a  diminution  of  the  blood-supply,  which 
again  depends  on  the  resistance  offered  by  the  heart  muscle  to  the  inflow 
of  blood  during  diastole.  Hence  the  increase  or  decrease  in  the  size  of 
the  heart  dulness  is  a  useful  index  of  the  functional  power  of  the  heart 
muscle. 

It  is,  therefore,  necessary,  if  possible,  to  determine  whether  a  change 
has  taken  place,  and  if  so  the  character  of  the  change;  for  this  obviously 
is  of  great  importance  in  a  prognostic  sense.  When  the  fluctuation  is  as 
great  as  in  this  case,  this  determination  is  not  difficult;  but,  as  a  rule, — 
at  least  in  my  own  experience, — the  variations  in  the  size  of  the  cardiac 
dulness  are  confined  within  much  narrower  limits  and  it  requires  a  careful 
examination  by  a  practised  hand  to  detect  the  differences. 

I  shall  not  enter  upon  a  detailed  cUscussion  of  the  physical  methods 
of  examination  in  general  and  shall  confine  myself  to  describing  the  method 
which  I  am  in  the  habit  of  emplo)ring  in  such  cases.  First  of  all,  the  height 
of  the  diaphragm  is  determined  on  the  right  side  in  the  mammillary  and 
axillary  lines  and  posteriorly  at  the  vertebral  column.  The  greatest 
errors  may  be  committed  if  the  extent  of  the  lungs,  which,  as  we  know,  is 
subject  to  great  variations,  is  not  sufficiently  taken  into  account.  When 
the  limgs  are  distended,  a  thicker  layer  of  air-containing  tissue  is  interposed 
between  the  heart  and  the  chest  wall.  This  modifies  not  only  the  percus- 
sion-note, but  also  the  resistance  to  the  palpating  finger.  On  the  other 
hand,  retraction  of  the  elastic  lung,  either  because  the  breathing  is  super- 
ficial or  for  any  other  reason,  has  the  opposite  effect.  The  level  of  the 
diaphragm  in  the  majority  of  cases  affords  a  fairly  reliable  indication  as  to 
which  of  these  two  conditions  is  present;  for  the  level  of  the  membrane 
is  chiefly  determined  by  the  expansion  of  the  lungs — chiefly,  but  not  ex- 
clusively. Among  the  many  other  factors  concerned  the  varying  pressure 
within  the  peritoneal  cavity — in  other  words,  the  pressure  acting  on  the 
lower  surface  of  the  diaphragm — ^requires  special  attention.  Distention  of 
the  stomach  and  intestines  with  gas,  especially  of  the  large  intestine, 
dropsy,  enlargement  of  the  liver — all  these  may  come  and  go  within  a 
short  time. 

Further  information  is  obtained  from  the  character  of  the  percussion- 
note  elicited  over  the  lungs,  particularly  the  occurrence  of  a  pure  tympan- 
itic note  indicating  retraction,  or  hyperresonance  indicating  distention 
(emphysema). 

The  movemfflits  of  the  heart  itself,  which  can  be  seen  and  felt  over  a 
greater  or  less  extent,  also  merit  attention,  although  they  are  ambiguous 
and  must,  therefore,  always  be  interpreted  in  connection  with  the  other 
phenomena.  The  same  caution  applies  to  the  closure  of  the  pulmonary 
artery,  as  determined  by  palpation,  and  indicates  an  increase  of  the  work 
of  the  right  ventricle  when  palpably  more  distinct,  a  lessening  when  it 
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disappears,  but  which  may  also  indicate  retraction  or  distention  (emphy- 
sema) of  the  left  lung.  Displacement  of  the  apex-beat  outward  or  in- 
ward, upward  or  downward,  is  subject  to  the  same  consideration. 

How  is  percussion  to  be  performed?  I  employ  palpatory  percussion 
as  taught  by  Wintrich  and  Traube,  and  agree  with  Ebstein,  who  has 
specially  cultivated  this  method,  that  it  yields  reliable  results.  These 
can  be  obtained  even  w^hen  a  thick  layer  of  emphysematous  lung  tissue 
is  interposed  between  the  heart  and  chest  wall,  as  I  have  determined  to 
my  own  satisfaction  by  examinations  on  the  cadaver  with  the  kind  aid  of 
my  deceased  colleague,  Schiippel.  My  opinion  is  that  light  percussion  is 
better  than  deep  percussion, because  the  former  enables  the  examiner  more 
readily  to  appreciate  the  changes  in  resistance  by  the  sense  of  touch.  I 
am  perfectly  ready  to  admit,  however,  that  any  one  can  obtain  satisfactory 
results  with  whatever  method  he  is  most  proficient  in.  But  I  do  not  think 
it  is  allowable  to  make  a  direct  comparison  between  the  limits  of  dulness 
determined  by  two  different  observers;  if  there  is  a  difference  in  such  a 
case,  it  is  not  fair  to  conclude  that  there  was  a  change  in  the  dilatation  of 
the  heart,  unless  the  differences  are  very  great. 

The  practice  of  marking  the  outline  of  the  heart  dulness  on  the  chest 
wall  with  a  colored  pencil  has  now  become  practically  universal,  not  only 
in  clinical  work,  but  also  in  private  practice.  The  busy  practitioner  soon 
finds  that  he  thereby  saves  much  time  for  a  careful  examination. 

We  have  another  and  less  well-known  procedure  in  the  Poliklinik* 
for  the  purpose  of  carefully  controlling  topographic  relations.  After 
the  outlines  have  been  found  by  palpation  or  percussion  and  marked  on 
the  skin  with  colored  pencils,  we  take  a  piece  of  tracing-paper,  lay  it  on  the 
chest,  and,  while  the  paper  is  drawn  taut,  indicate  certain  definite  land- 
marks, as,  for  example,  for  the  anterior  surface  of  the  chest,  the  upper 
and  lower  portions  of  the  sternum,  the  nipples,  and  the  ribs  as  far  as  the 
axillary  line.  The  outline  of  the  heart  dulness,  which  has  been  marked  on 
the  thorax,  is  then  traced  on  the  tracing-paper  and  maybe  later  transferred 
to  an  ordinary  sheet  of  paper  or  applied  directly  to  the  record  of  a  former 
examination  [for  purposes  of  comparison. — Ed.].  In  this  way  the  results 
of  two  successive  examinations  can  be  directly  compared  and  measure- 
ments can,  of  course,  also  be  made.  Any  changes  in  the  portions  of  the 
body  under  observation  can  be  followed  with  ease  and  certainty.  [Out- 
lines made  on  the  record-sheets  by  rubber  stamps  and  filled  in  according 
to  the  marks  on  the  thorax  are  more  convenient  and  practically  as  accurate, 
especially  if  the  exact  dimensions  of  the  area  are  recorded. — Ed.] 

It  is  obvious,  from  the  relation  of  the  heart  to  the  surface  of  the  chest, 
that  changes  in  size  are  more  readily  demonstrated  in  the  right  half,  which 
has  a  larger  area  of  contact  with  the  chest  wall,  than  in  the  left.  The  wall 
of  the  right  heart  is  thinner  and  favors  dilatation ;  whether  for  the  same 
reason  the  dilatation  also  disappears  more  slowly  is  another  question.  As 
a  matter  of  fact,  changes  in  the  width  of  the  cardiac  dulness  are  found 
frequently.  But  these  cannot  always  be  referred  to  the  right  half  of  the 
heart.  When  the  left  side  of  the  heart  is  dilated,  the  left  ventricle  pushes 
itself  considerably  forward;  ^^^  apex-beat  is  displaced  downward  and 
outward,  and  in  that  casp  ^here  is  also  an  increase  in  the  length  of  the 
heart  dulness. 

*T^^^*'^^odei^O'Jeinf.^.         ^e  mit  Erscheinungen  von  Darmverengenmg," 
StuttSii^^  Staudenmay^l^^Jl^i\i^\\ymg^ri  aus  der^ubinger  Poliklinik,"  Bd.  i, 
'       '  ^!bi9^ei^''^at{^,  t;j^^  g.  213. 
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Proof  of  the  fact  that  dilatation  of  both  sides  of  the  heart  may  subside 
in  a  short  time  is  found  in  the  investigations  of  the  brothers  Augustus 
and  Theodore  Schott,  undertaken  to  determine  the  effect  of  ''resistance 
exerdses"  on  the  heart.* 

Let  us  now  discuss  the  changes  in  the  activity  of  the  heart  which  show 
ihemsdves  in  the  weakened  heart  itself.  These  include  the  behavior  of  the 
valves  and  orifices,  the  rhythm,  and  the  amplitude  of  contraction. 

Changes  in  Oie  valves  and  orifices:  abnormal  sounds.  The  impor- 
tance of  the  part  played  by  the  cardiac  muscle  in  the  action  of  the  valves 
is  becoming  more  and  more  recognized.  The  details  of  the  mechanism 
have  been  mentioned  elsewhere;  here  I  shall  merely  state  that  certain 
peculiarly  arranged  muscle  bundles  play  such  an  important  part  in  the 
closure  of  the  mitral  and  tricuspid  (atrioventricular)  valves,  as  well  as  of  the 
aortic  and  pulmonary  arteries  (arterial  valves  on  both  sides  of  the  heart), 
that  perfect  closure  of  these  valves  is  impossible  without  their  cooperation. 
In  the  same  way  the  papillary  muscles  are  indispensable  to  perfect  closure 
of  the  mitral  and  tricuspid  valves.  It  must  also  be  remembered  that  the 
diastolic  unfolding  of  the  semilunar  valves  cannot  be  complete  unless  the 
origins  of  the  two  large  arteries  have  been  compressed  during  the  preceding 
systole  by  the  muscle-bundles  specially  provided  for  that  purpose.  It 
follows  that  abnormalities  in  the  action  of  the  valves  may  be  caused  not 
only  by  structural  disturbances  in  the  valves  themselves,  but  also  by  dis- 
turbances in  those  muscular  portions  of  the  heart  whose  special  function 
it  is  to  reinforce  the  valvular  apparatus.  If  the  muscle  is  damaged,  we 
may  expect  to  find  all  the  phenomena  observed  in  disturbances  depending 
on  structural  changes  in  the  valves  or  orifices.  One  point,  however,  must 
be  emphasized  at  once:  the  signs  produced  by  irregularity  in  the  action  of 
the  muscle — the  valves  being  intact — are  in  many,  not  to  say  in  most, 
cases  extremely  variable,  while  the  opposite  is  true  of  valves  which  are 
permanently  damaged. 

If  the  present  teaching  is  correct  and  the  muscle  plays  such  an  impor- 
tant part  in  the  closure  of  the  valves,  the  variable  character  of  the  signs 
finds  its  readiest  explanation  in  variations  of  the  nutrition  and,  therefore, 
of  the  functional  power  of  the  muscle-bundles  involved.  In  support  of 
this  view  it  may  be  said  that  the  symptoms  of  general  heart  failure  quite 
generally  coincide  with  fully  developed  or  suddenly  occurring  signs  of  a 
disturbwce  of  valve  closure.  As  for  the  actual  tissue  changes  in  the 
muscle-fibers  that  take  part  in  the  action  of  the  valves  and  their  relations 
to  changes  in  other  portions  of  the  heart,  these  are  questions  that  still  await 
solution. 

Insufficient  closure  at  any  one  of  the  orifices  which  connect  the  heart 
with  the  vascular  system  is  usually  recognized  chiefly  by  the  auscultatory 
phenomena  that  are  produced.  To  a  certain  extent  these  are  decisive, 
but  they  should  always  be  interpreted  with  caution.  One  thing  should 
never  be  forgotten:  the  rules  for  the  diagnosis  of  disease  of  the  valves  or 
orifices  are  the  outcome  of  experience ;  they  are  empirical  rules  and  cannot 
be  directly  deduced  from  general  propositions  in  regard  to  the  normal  physi- 
ology of  the  heart.  Imperfect  closure  due  to  muscular  insufficiency  occurs 
chiefly  in  the  mitral  and  tricuspid  valves  and  therefore  affects  the  systolic 
sound. 

The  systoUc  sound  is  primarily  a  muscle  sound;  but  with  it  are  associ- 
ated other  sounds,  produced  by  the  vibrations  either  of  the  mitral  and 
♦  See  section  on  Treatment,  p.  157. 
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tricuspid  or  of  the  semilunar  valves,  or  by  vibrations  within  the  bloc 
Since  even  the  normal  conditions  are  so  complicated,  and  what  was  i 
in  the  year  1844  by  Kiirschnert  in  regard  to  the  theory  of  the  heart-sou 
still  holds  good  to-day,  namely — "  It  would  be  difficult  to  find  a  chaj 
in  phj^iology  that  has  been  more  worked  over  without  any  great  rei 
and, that  has  given  rise  to  more  controversies  with  little  prospect  of  fi 
solution"; — it  is  not  only  justifiable,  but  indeed  imperative,  for 
scientific  physician  to  follow  his  clinical  and  anatomic  experience,  and  i 
is  a  field  in  which  the  student  never  graduates. 

It  is  impossible  to  determine  with  certainty  whether  a  sound  he 
during  the  cardiac  systole  is  due  to  a  permanent  ("organic")  or  t 
temporary  ("inorganic")  change  by  the  character  of  the  sound  alone 
heard  at  a  single  examination.  Even  after  repeated  examinations  i 
rarely  possible  to  form  a  positive  judgment  based  on  the  auditory  impi 
sion  alone.  It  is  like  the  individual  links  of  a  chain ,  each  one  of  which  ni 
be  separately  tested  for  its  soundness  before  the  strength  of  the  en 
chain  can  be  trusted. 

That  is  not  an  easy  matter.    The  signs  which  justify  a  provisio 
diagnosis  of  "  permanent  disturbance  "  will  be  discussed  at  length  in 
other  place.    Here  I  shall  merely  state  the  following  general  propositi 

In  cases  of  cardiac  weakness  every  kind  of  murmur  that  can  be  hearc 
cases  of  permanent  structural  changes  in  the  valves  and  orifices  may 
present. 

And  not  only  murmurs  are  found.  Friction  sounds,  such  as  occui 
pericarditis,  are  also  heard,  even  when  there  is  no  trace  of  inflammat 
or  roughness  about  the  pericardium.  It  is  true  that  friction  sounds 
rare,  but  still  they  do  occur.  According  to  my  own  experience 
should  enumerate  the  signs  heard  in  cases  of  cardiac  weakness  in 
following  order,  according  to  their  frequency:  systolic  murmurs,  frict 
sounds,  diastolic  murmurs.  It  is  needless  to  say  that  the  diagnosis 
spurious  pericardial  friction  sounds  must  never  be  made  unless  all 
signs  of  genuine  pericardial  sounds  are  present;  that  is  to  say,  a  sou 
having  the  peculiar  character  of  a  friction  sound  and  synchronous  w 
the  closure  of  the  valves,  but  not  associated  with  it.  It  is  true  that  I  hi 
heard  these  spurious  soimds  in  cases  of  cardiac  weakness  only  dur 
systole,  never  during  diastole,  hence  to  that  extent  there  is  a  differei 
between  this  spurious  sound  and  what  is  heard  in  extensive  inflammat 
of  the  pericardium.  But  in  the  beginning  of  such  a  condition  the  frict 
sound  not  infrequently  is  heard  only  with  systole  or  part  of  the  syst( 
just  like  the  spurious  friction  sound.  I  am  inclined  to  believe  that  irre] 
lar,  violent  contraction  of  the  heart  is  apt  to  simulate  this  sound;  in  otl 
words,  that  it  is  really  a  muscle  sound. 

I  have  never  observed  the  phenomenon  when  the  heart  was  acti 
quietly,  and  especially  when  the  action  was  slow.  Besides  the  audit 
there  is  also  a  palpable  spurious  friction  which  sometimes  gives  one  1 
impression  as  if  a  portion  of  the  heart  were  slipping  by  under  one's  finj 
at  a  very  rapid  rate. 

The  friction  sound  \{^^  discussed  at  length  a  number  of  years  ago 

Johannes  Seitz,    It  w^    rteU  observed  among  the  patients  in  Bierme 

clinic,  and  waS; indeed,  »v  ^*^  frequent  and  more  marked  there  than  I  hs 

ever  seen  it.   j/ter  tix^^^f^  0  the  phenomenon  seems  to  have  attract 

♦'^  li^ ^>dX>  "Lehrbuch,"  S.  60. 
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;  attention,  and  I  shall;  therefore,  give  an  abstract  of  case  20,*  which 
is  reported  at  length  and  is  Srbsolutely  convincing: 

Boatman,  twenty-six  vears  old.  Has  always  been  well  and  unusually  strong, 
beingable  to  carry  as  mucn as  300  pounds. 

The  first  disturbances  in  the  heart  occurred  without  any  obvious  cause  in  the  be- 
ginning of  January,  1871:  Fatigue  brought  on  by  his  usual  work  and  after  rapid 
marching;  also  palpitation.  Gradual  loss  of  appetite.  After  stopping  work  for  a 
few  days  on  account  of  an  increase  in  the  svmptoms,  he  had  an  apoplectic  attack 
with  left-fiided  paralysis  in  the  night  from  the  twenty-seventh  to  twenty-eighth  of 
March,  and  was  admitted  to  the  Zdrich  clinic. 

First  i)eriod  in  hoeratai  from  twenty-eighth  of  March  to  sixth  of  April.  Exami- 
nation of  the  heart:  "Relative  cardiac  dulness  third  to  sixth  rib;  from  the  middle  of 
sternum  to  about  1  cm.  outside  of  the  left  nipple-line.  Very  faint  cardiac  movements 
Tifiible  in  the  fifth  intercostal  space  immediately  within  the  left  mammillary  line 
over  an  area  of  about  5  cm.  in  diameter,  and  nowhere  else. 

"The  heart-sounds  from  time  to  time  are  rough  and  very  irregular.  Is  this  the 
result  of  irregular  heart  action  or  reduplication  of  some  of  the  sounds?  Murmurs 
are  present,  but  it  is  difficult  to  determine  their  point  of  origin,  whether  the  valves  or 
pericardium,  and  also  difficult  to  state  their  relation  to  the  phases  of  the  cardiac 
cyde." 

On  the  day  of  discharge  the  following  notes  were  made:  "Heart  action  still 
irregular  and  in  the  region  of  absolute  cardiac  dulness  the  peculiar  sounds  persist, 
although  somewhat  diminished  in  force.  It  is  still  difficult  to  decide  whether  the 
murmurs  are  systolic  or  diastolic,  and  whether  they  are  pericardial  or  vcdvular  in 
character.  It  seems  most  probable,  however,  that  they  are  pericardial  sounds,  and 
that  the  patient  is  suffering  from  pericarditis  with  very  little  exudate." 

Second  period  in  hospital  from  May  22d  to  July  17th.  The  man  returned  to 
his  hard  woric,  but  his  strength  was  broken.  On  admission,  slight  edema  of  the 
legs,  hydrothorax,  and  ascites. 

Examination  of  the  heart:  "The  relative  cardiac  dulness  extends  from  the 
third  to  the  sixth  rib  and  its  width  is  enlarged;  it  begins  at  the  ri^ht  border  of  the 
sternum  and  extends  to  the  left,  1  cm.  beyond  the  left  mammillary  line.  Moderately 
strong  pulsation  is  seen  in  the  epigastrium,  with  slight  impulse  over  the  lower  portion 
of  the  sternum  and  adjoining  portions  of  the  ribs;  slight  edema,  but  nowhere  dis- 
tinct cardiac  movements. 

"On  auscultation,  the  principal  sound  heard  over  the  heart  is  a  fairly  loud,  blow- 
ing systolic  murmur  audible  from  the  mammillary  line  to  the  sternum  and  from 
the  second  to  the  third  rib.  It  is  soft,  has  exactly  the  same  character  as  a  valvular 
murmur,  and  is  not  in  the  least  pericardial.  It  can  be  heard  two)  four,  or  six  times 
in  succession,  after  which  one  or  two  or  more  short,  faint  sounds  of  a  slightly  scratch- 
ing character  are  heard.  It  is  impossible  to  say  whether  these  sounds  are  systolic 
or  diastolic,  single  or  double,  and  it  is  doubtful  whether  they  can  be  attributed  to  the 
valves  or  to  the  pericardium." 

During  the  mght  from  the  fifth  to  the  sixth  and  on  the  morning  of  the  sixth  the 
patient  complained  so  much  of  pain  in  the  chest  and  of  oppression  that  morphin 
had  to  be  given. 

"The  heart  dulness  is  increased  in  width,  possibly  owing  to  an  effusion  into  the 
pericardial  sac.  The  marked  systolic  murmur,  exactly  like  that  of  mitral  insuffi- 
ciency, is  still  present,  and  in  addition  other  sounds  which  must  be  described  as 
pericardial  friction  sounds.    The  sounds  are  becoming  gradually  weaker." 

A  summaiy  of  the  case  dated  the  thirteenth  of  May  is  as  follows: 

"Marked  improvement  in  the  cardiac  symptoms.  The  murmurs  have  dimin- 
ished, particularly  that  which  was  thought  to  be  due  to  mitral  insufficiency  and 
which  has  disappeared.    The  murmurs  are  unquestionably  pericardial  in  character." 

This  change  in  the  murmurs,  which  was  carefully  recorded,  continued  until 
the  patient  was  discharged.  Constriction  and  stabbing  pains  in  the  precordia 
occurred  from  time  to  time,  but  subsided  on  the  application  of  wet-cups  to  the  pre- 
cordia. At  the  time  he  was  discharged,  when  his  general  condition  and  his  nutri- 
tion were  greatly  improved,  the  following  notes  were  made  about  the  heart.  "The 
condition  of  the  heart  has  also  become  more  favorable.  The  murmur  at  the  apex, 
which  had  suggested  a  mitral  insufficiency,  has  ceased;  there  remains  only  a  faint 

*  Johannes  Seitz,  "Zur  Lehre  von  der  Ueberanstrengung  des  Herzens,"  "Deut- 
Bches  Arcbiv  fQr  klinische  Medicin,"  Bd.  xii  (1874),  S.  296  ff.,  and  in  the  monograph, 
p.  254ff. 
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nibbing,  scrapine^  or  scratching  below  and  to  the  left  of  the  sternum,  indie 
pericaraitis,  which  we  have  no  doubt  exists;  for,  in  addition  to  the  murmur, 
loud  sounds  can  be  heard  everywhere  both  during  systole  and  during  diastole. 

Third  period  in  hospital  from  August  18th  to  23d,  the  day  of  his  death. 

The  patient  in  the  mean  time  had  lived  quietly,  but  his  condition  had  be^ 
steadily  worse.  In  addition  to  troublesome  palpitation  and  constriction  at  the  si 
est  exertion,  there  were  loss  of  appetite  with  impaired  nutrition,  cough  with  e: 
toration  and  headache. 

On  admission,  some  edema  of  the  legs,  hydrothorax,  bloody  sputum  as  in 
monary  infarct.     Severe  dyspnea. 

''Heart  dulness  considerably  increased  in  width;  extends  from  the  third  U 
sixth  rib  and  from  the  right  sternal  border  to  about  3  cm.  outside  of  the  left  man 
lary  line.  The  heart-beat  is  feeblv  felt  in  the  precordial  region,  being  most  ma 
in  the  fourth  intercostal  spaceand  parasternal  line,  and  in  the  fifth  intercostal  s 
and  mamnullary  line. 

"The  heart-sounds  themselves  are  normal  and  pure,  and  can  be  heard  with  i 
or  less  ease  all  over  the  precordial  region.  They  are  somewhat  hollow  and  indist 
and  are  constantly  accompanied  by  pericardial  sounds.  Usually  it  is  no  more  i 
a  slight  grazing  sound;  at  times  accompanying  quite  a  number  of  systoles  and  a 
only  a  single  contraction.  Occasionalljr  the  grazing  sound  occurs  durine  dia; 
or  between  diastole  and  systole.  The  friction  murmur  is,  in  the  main,  feeble,  b 
best  marked  in  the  region  of  the  sternum,  especially  along  its  lower  edge  on  the 
side.     In  the  region  of  the  apex  it  is  less  loud  and  weaker." 

Death  occurred  suddenly  without  any  discoverable  cause. 

We  felt  almost  sure  of  our  diagnosis  when  we  went  to  the  autopsy.  It  c< 
only  be  a  pericarditis:  "no  other  thought  could  be  nor  was  entertained." 

But  it  was  found  that  the  pericaroium  was  absolutel^^  free  and  that  there 
only  a  slight  enlargement  and  dilatation  of  the  heart,  particularly  of  the  left  vcr 
cle.    There  were  no  changes  worth  mentioning  in  the  endocardium,  nor  could 
marked  changes  be  demonstrated  in  the  heart  muscle.     Eberth  "satisfied  him 
that  there  was  no  distinct  and  significant  pathologic  alteration."    The  method 
examination  known  at  that  time  were  inadequate. 

Any  one  who  has  carefully  followed  cases  of  this  kind  during  the  per 
when  we  still  adhered  to  the  traditional  teachings  in  regard  to  the  diagnc 
of  heart  diseases  must  have  had  the  same  doubts  and  experienced  the  sa 
disappointments. 

In  this  case  the  other  symptoms — the  beha\'ior  of  the  apex-beat  a 
of  the  heart  dulness — ^undoubtedly  contributed  their  share  to  the  mis 
terpretation  of  the  murmurs. 

Seitz  ofifers  the  following  explanation  for  the  production  of  thi 
"pericardiar'  murmurs:  "The  murmurs  can  only  be  explained  by 
suming  that  they  were  produced  in  the  absence  of  pericarditis  or  irregiil 
ities  on  the  surface  of  the  viscus,  merely  by  the  heart  grazing  adjaa 
structures.  The  production  of  the  murmur  in  this  way  was  due  in  p 
to  the  enlargement  of  the  heart  and  in  part  to  the  character  of  its  mo 
ments;  for  the  heart  was  overexerting  itself,  although  to  no  purpo 
Gendrin,  Pleischl,  and  Mettenheimer*  also  believed  that  friction  murmi 
might  be  caused  by  violent  contraction  of  the  heart." 

♦This  is  not  quite  correct.     Mettenheimer.  "Ueber  pericardiale  Reibungs 

rausche  ohne  Pericarditis"  ('*  Archiv  des  Vereines  fiir  wissenschaftliche  Heilkund 

Leipzig,  Denicke,  Bd.  ii,  S.  423  ff-,  1866),  reports  a  case  in  which  the  most  viol 

friction  murmurs,  such  as  ajvi  only  heard  in  pericarditis,  were  both  felt  and  hej 

shortly  be  fore  death.     The  h^  rt'e  action,  which  had  been  quite  feeble,  had  sudde: 

become  most  violent  and  ^     .tried  a  rolling,  boring  character.     At  the  autoj 

partial  rupture  of  the  he^^^\\y  an  effusion  of  blood  into  the  fatty  degenerai 

ffS^f/A '"''^  ^^  fo^^^'     \r   wf  i^xx^  ecchymoses  were  present  under  the  inner  i 

buSdnor^^terl^y^''  of  t^^^^^C^rdium.     The  pericardial  sac  contained  neitl 

ando/tA&  ^^^I^Jf  B'tttilyy,  /^    ^.^Jction  to  the  fact  that  the  pericardium  was  c 

^1     hnr^^ter  ^ri  /  Vc^d  by  Pleischl  in  the  cadavers  of  cholera  patiei 
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From  these  words  we  may  infer  that  Seitz  directly  attributed  the 
murmurs,  at  least  in  part,  to  overexertion  of  the  heart — that  is,  to  the 
processes  going  on  in  the  muscle  itself.  In  another  place,  however,  he 
distinctly  states  that  rubbing  of  the  heart  on  its  surroundings  is  necessary 
for  the  production  of  the  sound:  " The  proximity  of  the  three  serous  sacs, 
pericardium,  the  reflected  portion  of  the  left  and  right  pleura,  the  pul- 
monary borders,  and  the  heart,  may  be  largely  responsible  for  the  pro- 
duction of  the  murmur,  because  the  close  proximity  of  so  many  moving 
membranes  cannot  help  favoring  the  production  of  such  a  sound/' 

In  support  of  my  own  interpretation  that  th^  spurious  friction  murmur 
is  a  muscle  sound  I  may  mention : 

1.  If  it  were  due  to  rubbing  of  a  vigorously  contracting  and  enlarged 
heart  on  its  surroundings,  it  would  also  have  to  occur  in  the  regular 
contraction  of  a  hypertrophied  but  perfectly  competent  heart.  I  have 
never  heard  it  under  such  circumstances. 

2.  It  occurs  in  infectious  diseases  when  no  enlargement  of  the  heart 
can  be  demonstrated.  But  a  certain  degree  of  irregularity  in  the  heart 
action  is  practically  always  present.  Blowing  murmurs  similar  to  those 
which  are  present  in  cases  of  deficient  valvular  closure  may  accompany 
or  alternate  with  the  friction  murmurs. 

Seitz  himself  mentions  this  fact.  "In  the  region  of  the  sternum  par- 
ticularly a  slight  grazing  was  frequently  heard,  varying  in  distinctness 
and  in  duration,  either  lasting  for  some  time  or  quite  transient,  so  that  it 
often  puzzled  me  to  know  how  to  explain  it.  Generally  it  was  so  indistinct 
that  it  was  not  even  possible  to  decide  whether  it  was  a  pericardial  rub  or 
a  very  slight  modification  of  the  valve  sound.  It  was  present  in  cases  in 
which  there  was  not  the  slightest  reason  for  assuming  a  cardiac  affection. 
Indeed,  I  remember  one  case  which  came  to  autopsy  and  in  which  not  the 
slightest  cause  for  the  peculiar  modification  of  the  first  heart-sound  could 
be  found.  These  repeated  experienced  gradually  gave  rise  to  the  conjec- 
ture that  occasionally  a  normal  heart  may  produce  a  slightly  abnormal 
noise  in  the  coiu^e  of  its  normal  movements  by  grazing  its  surroundings; 
and  when  such  a  noise  is  associated  with  the  heart-sound,  it  gives  it  a  pecu- 
liar, delicate,  grazing  or  licking  character.  At  the  present  moment  there 
is  a  rather  mild  case  of  typhoid  in  the  wards  in  which  this  impure  heart- 
sound,  especially  to  the  left  of  the  sternum,  is  very  pronounced,  and  in 
which  we  have  every  reason  to  suppose  that  once  more  we  are  dealing  with 
the  murmur  'which  really  is  nothing  at  all.' " 

I  have  long  paid  special  attention  to  this  matter  and  have  heard  this 
pseudapericardial  friction  sound  not  infrequently  in  many  infectious  dis- 


Since  we  know  that  the  myocardium  is  involved  in  all  infectious  dis- 
eases, although  the  change  does  not  go  as  far  as  true  inflammation,  the 
theory  that  this  is  a  muscle  sound  is  quite  justifiable.  It  is,  of  course, 
practically  impossible  to  bring  absolute  proof. 

in  whom  peiicardiid  friction  sounds  were  present  during  life.  The  petechise,  like 
any  other  irregularity,  might  have  favored  the  production  of  the  rub.  Finally,  the 
peculiar  boring  and  burrowing  movement  of  the  heart  caused  an  increase  in  the 
contact  surface  between  the  two  layers  of  the  pericardium.  He  emphasizes  the 
ffliGt  that  the  force  of  the  heart,  both  in  cholera  and  in  this  case  of  his,  was  a  very 
important  factor  in  the  production  of  the  friction  sounds:  but  according  to  his  own 
explanation  increased  heart  action  can  only  produce  friction  sounds  when  the  other 
conditions  are  fulfilled.  We  need  not  hesitate  even  in  this  case,  in  which  there  was 
gross  muacular  disturbance,  to  assume  a  peculiar  modification  of  the  muscle  tone. 
5 


I 
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The  so-called  gallop  rhythm  of  the  heart  is  a  more  important  sign, 
stead  of  two  sounds,  as  in  the  normal  heart,  three  are  heard,  which  i 
duce  the  same  auditory  impression  as  the  sound  of  a  horse's  feet  gallop 
on  hard  ground. 

It  is  the  generally  accepted  view  that  gallop  rhythm  is  heard  c 
when  cardiac  weakness  is  present.  Considerable  difference  of  opir 
exists  as  to  the  mode  of  production  of  this  peculiar  phenomenon. 

In  regard  to  the  succession  of  the  individual  tones,  or  rather  the  accent  on  c 
sound,  much  difference  of  opinion  exists.  O.  Fraentzel,*  after  a  minute  descrip 
of  the  phenomenon  and  the  conditions  in  which  it  is  produced,  found  it  necessar 
restrict  the  definition  within  very  narrow  limits.  He  employs  the  term  ga 
rhythm  only  when  two  of  the  three  audible  tones  coincide  with  diastole  and  the 
is  accentuated,  that  is  to  say,  accentuated  not  only  with  respect  to  the  other  diasi 
sound,  but  also  as  compared  with  the  first  or  systolic  sound.     He  accordingly  re 


v.; 


sents  the  gallop  rhythm  graphically  as  follows  o^|~t-w^ 

Potain,t  on  the  other  hand,  taught  that  the  sequence  of  sounds  correspond 
the  anapest:  v^  v^  _^_  .  The  first  two  short  sounds  he  regards  as  the  nor 
heart-sounds,  and  the  last  as  an  adventitious  sound  indicating  the  character  of 
pathologic  change.  In  the  one  case  of  this  kind  which  Traube  t  reports 
represents  the  sound  by  a  dactvl:  _j__  ^  v^  .  Carl  v.  Noorden,§  as  Fraeni 
represents  the  phenomenon  as  follows:  ,^  _^  \-/  \^  ' .  v^  •  "Besides  the  sysl 
and  diastolic  sounds,  there  is  also  a  presystolic  sound.'' 

For  further  discussion  of  this  question  the  reader  is  referred  to  Ottomar  Ro 
bach.  II 

In  the  present  state  of  our  knowledge  it  is  probable  that  the  third  soi 
is  produced  by  contraction  of  the  auricle  and  is  a  true  muscle  sou 
hence  it  is  heard  before  the  ventricular  sound,  that  is,  it  is  presystc 
as  stated  by  Traube.  This  practically  disposes  of  the  question.  I: 
the  sounds  are  represented  is  of  minor  importance.  Traube  him 
selects  the  dactyl  to  represent  the  sounds,  although  the  second,  sh 
sound  really  belongs  to  the  succeeding  heart  cycle. 

Occasionally  a  double  contraction  of  the  heart  can  be  detected 
palpation.  Traube  convinced  himself  that  the  phenomenon  was  an 
parently  diastolic  double  sound,  the  second  part  of  which  was  re; 
presystolic.  He  represents  the  sounds  as  follows,  taking  account  also  of 
intervals: 


\y ^^..|^ V^ Ky 


The  cardiograms  traced  by  Kriege  and  Schmall  in  the  case  of 
patients  with  well-marked  gallop  rhythm  but  regular  heart  action,  v 
a  rate  of  only  eighty  beats  per  minute,  clearly  show  the  auricular  wi 
Thus  by  a  different  method  of  experimentation  they  prove  that 
increased  activity  of  the  auricle  is  in  part  responsible  for  the  productioi 
gallop  rhythm. 

According  to  the  older  interpretation  advanced  by  Traube,  the  presystolic  sc 
is  due  to  the  unfolding  of  the  auriculo ventricular  valve  (mitral  or  tricuspid),  whi( 
said  to  be  brought  about  by  the  blood  that  is  forced  into  the  ventricle  by  the  acti 

*  *'VorIemngenJ'  hd^  i  ^.  56  ff. 

fSec  H.  Krie/^ti  antj  u  ^^chtnslh  "Ueberden  Galopprhythmus  des  Herze 
''Zeitschnn  fuj.  klfnisch^  .7.   firin,"  Bd.  xviii  (1891),  S.  261  ff. 
ip,^^'\^m(e  I^n^J'ko^^A,  iii,  S.  13. 
We,j/       .^  ../^^    *^e/.  f^Xv^dier  3.  Aufl.,  Bd.  ii,  S.  551. 
189Z  S.2^  ^^hP^^^'^^^n  yh  /^7^Jeias,"Wienund  Leipzig,  Urban  and  Schwarzenl 
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contracting  auricle  even  before  ventricular  contraction  takes  place.  At  the  present 
time  obflervers  are  rather  more  inclined  to  attribute  the  phenomenon  solely  to  the 
loader  muscle  sound  which  necessarily  accompanies  the  more  forcible  contraction  of 
the  auricle. 

Fraentzel,  with  some  reserve,  gives  a  different  explanation'^' :  ''  We  must  assume 
that  the  return  flow  of  the  blood  in  the  aorta  and  tne  pulmonary  artery,  owing  to 
deficient  heart  power,  are  no  longer  synchronous  and  that  closure  of  the  pulmonary 
and  aortic  valves  takes  place  at  different  times  and  thus  produces  the  gallop  rhythm/' 

V.  Leyden  t  says:  *'The  murmur  is  most  probably  produced  by  irregular  mus- 
cular contraction  of  the  left  ventricle,  that  is,  the  ventricle  making  two  incomplete 
contractions  instead  of  a  single  complete  one."  But  he  remarks:  ''The  mode  of 
origin  of  this  peculiar  phenomenon,  which  is  both  palpable  and  audible,  has  never 
been  properly  explained."  O.  Rosenbach  |  also  beUeved  that  increased  action  of 
the  auricle  b  a  necessary  condition;  but  he  has  a  peculiar  explanation  for  the  pro- 
duction of  the  sound,  denying  that  it  is  a  muscle  sound  produced  in  the  auricle. 

Judging  from  the  reports  in  the  literature  and  my  own  experience,  I 
believe  that  the  tripartition  is  the  most  important  element  in  the  phe- 
nomenon and  that  it  makes  comparatively  little  difference  which  of  the 
sounds  is  accentuated.  It  seems  to  me  that  the  phenomenon  changes 
very  much  in  the  same  patient  in  the  course  of  a  very  short  time.  It 
should  also  be  remembered,  as  Fraentzel§  has  said :  '^  When  the  heart  action  • 
is  at  all  tumultuous,  it  is  difficult  even  for  a  practised  examiner  to  distin- 
guish which  sounds  belong  to  the  systole  and  which  to  the  diastole." 

If  it  is  admitted  that  the  presystolic  sound  which  is  derived  from  the  auricle 
lends  the  phenomenon  its  special  character  and  its  peculiar  significance,  it  is  natural 
to  in<}uire  what  causes  the  increased  action  of  the  auricle.  Is  it  possible  to  give  a 
positive  answer  to  this  question?  I  think  I  shall  have  to  answer  ''No."  Accord- 
ing I  do  not  care  to  go  into  the  hvpotheses  that  have  been  advanced  and  shall 
merely  refer  the  reader  to  the  original  sources,  where  he  will  find  the  views  of  those 
who  have  busied  themselves  with  this  aspect  of  the  question.  || 

[Potain  at  first  explained  the  extra  sound  by  the  contraction  of  the 
auricle,  but  later**  he  ascribed  an  important  part  to  the  sudden  passive 
tension  of  the  distended  ventricle.  According  to  him,  from  the  variations 
in  place  of  origin  and  in  time,  one  can  distinguish  a  right  and  left,  a 
diastolic  and  systolic,  gallop  rhythm.  He  distinguished  it  from  reduplica- 
tion of  the  sounds  by  using  a  rigid  stethoscope  (though  palpation  simul- 
taneous with  auscultation  with  a  binaural  stethoscope  seems  quite  as 
certain).  Potain  called  attention  to  gallop  rhythm  in  scarlet  fever, 
dyspepsia,  chlorosis,  and  typhoid,  as  well  as  in  the  conditions  most  fre- 
quently associated  with  it.  In  Bright^s  disease  he  denied  its  relation  with 
low  tension,  having  found  it  in  one  case  when  the  tension  was  320  mm.  of 
mercury.  Bard, ft  in  a  suggestive  article,  explains  gallop  rhythm  by  a 
dissociation  of  the  muscular  and  valvular  elements  of  the  first  sound. — Ed.] 

What  is  the  prognostic  significance  of  gallop  rhythm? 

Fraentzel  and  also  Krehl  consider  it  always  a  baneful  sign  (*^signum 
malum").  I  am  not  willing  to  go  so  far  as  that.  There  is  no  doubt  that 
a  heart  in  which  gallop  rhythm  is  heard  has  lost  some  of  its  functional 
power,  but  it  does  not  necessarily  mean  that  the  heart  will  soon  have  to 

*Loc.cit.,p.  73. 

t"Ueber  aie  Herzkrankheiten  in  Folge  von  Ueberanstrengung,"  "Zeitschrift 
furklinische  Medicin/'  Bd.  xi  (1886),  S.  140. 

t  Loc.  cU.,  p.  300  ff.  §  Loc,  cU.,  p.  67. 

II  See  Kriege  and  Schmall,  he.  cit.y  p.  270  u.  ff.;  also  Ottomar  Rosenbach,  loc, 
eU.,  p.  295  ff. 

♦*"La  Semaine  m6dicale,"  1900,  p.  175. 
tt  "La  Semaine  m^cale,"  1906,  p.  229. 
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stop  working.  As  a  warning  I  value  the  phenoYnenon  very  high 
whenever  it  is  present,  it  is  an  indication  to  the  physician  to  do  all  in  1 
power  to  support  the  heart  muscle,  which  is  beginning  to  fail. 

It  is,  therefore,  important  to  mention  the  conditions  that  may  be  cc 
founded  with  gallop  rhythm.  The  chief  one  is  the  diastolic  double  soui 
in  stenosis  of  the  mitral  orifice. 

In  regard  to  the  differential  diagnosis,  Fraentzel  remarks:  ''. 
stenosis  one  sound  almost  always  and  often  both  sounds  are  replaced  I 
murmurs  whenever  the  heart  action  is  in  some  way  rendered  more  tumi 
tuous,  as,  for  example,  by  the  patient  making  some  exertion;  the  diast-ol 
double  sounds  are  heard  only  in  the  region  of  the  apex;  as  a  rule,  the 
are  present  at  the  same  time  certain  other  phenomena  which  point  i 
disease  of  the  mitral  valve  apparatus." 

The  diastolic  double  sound  which  occurs  in  hypertrophy  and  dilatatic 
of  the  right  ventricle  must  also  be  mentioned.  According  to  the  usu^ 
interpretation,  it  is  due  to  the  fact  that  the  pulmonary  valves  close  a  littl 
before  the  aortic  valves.    I  believe  a  practised  ear  can  detect  the  different 


Fio.  1. 


Fio.  2. 


at  once,  although,  like  Fraentzel  and  C.  v.  Noorden,  I  am  unable  to  give 
any  rule  that  will  enable  one  to  learn  to  make  this  distinction. 

I  must  also  mention  splitting  of  the  systolic  sound,  which  is  quite 
common;  here  again  the  distinction  is  not  difficult. 

Alterations  in  the  rhythm  of  the  cardiac  contractions  and  in  the  amplitude 
of  contraction  of  the  heart.  As  I  have  said,  I  think  one  ought  to  distinguish 
two  fundamental  forms,  for  each  of  which  I  shall  now  proceed  to  give 
examples. 

1.  The  heart  contracts  with  more  or  less  frequency  and  either  regu- 
larly or  irregularly,  but  always  with  insufficient  force.  As  I  only  wish  to 
establish  the  external  characteristics  of  the  phenomenon,  I  shall  merely 
give  a  few  short  extracts  from  case  histories. 

Personal  Obseroation  ^^ -Male,  aged  fifty,  plasterer.     He  says  his  present  illness 

was  caused  hy  overexert; V .  Slight  rniphysema;  digestive  disturbances,  loss  of 
appetite,  iBamtudc.  8jjjji  ^^  IiiJiirK*  nupit  of  the  cardiac  dulness:  on  the  left  side, 
from  the  upper  border  of  /!*  Wiirtl  rib  imssine  in  aflat  curve  to  the  apex-beat,  which 
is  aituated  iu  Qm  fiftJi  ■  H}0  \;iVjX  ^F^^^i  ^  little  to  the  outside  of  the  nipple-line, 
and  is  faintly  visible  ^ii^  %f*^^^  \e.  *  ^*^  horizontal  diameter  does  not  extend  beyond 
the  left  sterna!  border.     A  >    *  i  ^^  ,-t-soun  ds  are  pure  but  feeble ;  the  peripheral  arteries 
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are  neither  tortuous  nor  rigid.  The  urine  is  free  from  albumin.  The  radial  pulse 
was  at  first  somewhat  irregular  and  accelerated,  and  later  gave  the  tracing  shown  in 
Tig.  1. 

Personal  Observaticn  S. — Female,  aged  forty-eight.  Has  had  cough  and  expec- 
toration for  five  years,  worse  during  the  inclement  season  and  less  troublesome  in 
mild  weather,  in  the  beginning  of  February,  1891,  edema  developed  in  the  feet. 
At  the  time  the  sphygmogram  shown  in  Fig.  2  was  taken  she  had  been  under  treat- 
ment for  five  montlis.  Heart  dulness:  Upper  border  of  third  rib;  right  boundary 
extends  a  little  beyond  the  right  sternal  border.  Apex-beat  in  the  fifth  intercostal 
space.  Heart-sounds  perfectly  Dure.  The  lungs  are  slightly  distended  and  there  are 
a  few  r&les  in  the  medium-sized  bronchi.     Some  atheroma  of  the  peripheral  arteries. 

The  two  pulse  tracings  sufRce  to  show  the  important  point,  namely, 
the  very  feeble  heart  action. 

In  the  second  form  the  conditions  are  quite  different. 

2.  The  cardiac  contractions  are  constantly  frequent,  but  the  beats 
follow  one  another  irregularly  and  vary  much  in  strength. 

The  following  history  is  an  important  one,  and  is,  therefore,  given  at 
somewhat  greater  length. 

Personal  Observation  6, — No  changes  in  the  valves  or  orifices.  Muscular  dis- 
turbances in  the  heart.  Delirium  cor<£s.  Under  clinical  observation  for  about  two 
years. 

Male,  fifty-one  years  of  age  at  the  time  of  death.  Frequent  attacks  of  intermit- 
tent fever  ana  of  alcoholism,  in  spite  of  which  the  unusually  vigorous  man  has  always 
been  able  to  do  hard  work. 

In  the  beginning  of  March,  1874,  palpitation  and  dyspnea  developed  while  he 
was  engaged  in  doing  heavy  work.  The  symptoms  gradually  increased.  On  ad- 
mission in  August,  1874,  the  following  conditions  were  found:  Enlargement  of  the 
left  heart,  apex-beat  3  cm.  to  the  outer  side  of  the  nipple-line,  covering  a  wide  area 
but  not  extending  beyond  the  fifth  intercostal  space.  Variable  systolic  murmurs 
at  the  apex.  Pulse  very  irregular  but  strong,  48  to  52  pulse-beats  at  the  radial  with 
68  to  72  heart-beats.  Cyanosis;  no  edema,  sdthough  it  had  been  present  just  before 
his  admission;  excretion  of  urine  normal.  After  a  short  time  the  patient  had  im- 
proved so  far  that  he  could  go  to  work  a^in.  In  the  middle  of  June,  1875.  he  was 
admitted  again.  The  findings  were  practically  the  same.  Just  before  his  aamission 
he  had  suffered  from  frequent  attacks  of  oppression,  and  was  so  weak  that  he  had  to 
stay  in  bed  at  times.  Tue  patient  again  improved,  as  after  his  former  admission  to 
the  hospital,  on  rest  in  bed,  digitalis,  and  a  little  wine. 

After  the  middle  of  January,  1876,  a  marked  change  for  the  worse  began.  The 
patient  was  no  longer  able  to  do  hard  work  in  quarry,  woods,  and  vineyards.  Exami- 
nation on  the  twenty-fourth  of  January  showed  marked  dilatation  of  the  heart: 
greatest  width,  24  cm. ;  greatest  length  (measured  to  the  base  of  the  sternum),  20  cm. 


Boundaries 

Oy  THE 

HmABT  Ds- 


Pkscubsion. 


Left  side. 


Sternal  Line. 


Parasternal 
Line. 


Upper  border  Upper  border 
of  third  rib.'  of  third  rib. 


Right  side.     Upper  border  Upper  border 
of  third  rib.    of  third  rib. 


Nipple  Line. 


Upper  border 
of  fourth  rib 


2  cm.  from 
the  nipple- 
line. 


Maxiiium  Ex- 
tent. 


Heart- 
sounds. 


Anterior  ax- 
illary lines; 
upper  bor- 
der of  sixth 
rib. 


Hollow,  dull., 
barely  audi- 
ble. 


No  distinct 
murmurs 
either  on  the 
left  or  on  the 
right  side. 


Radial  pulse,  40;  heart-beats,  100;  respirations,  32.    Intense  cyanosis,  but  no 
edema.     No  elevation  of  temperature.     Again  improvement  was  effected  in  a  com- 
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paratively  short  time  by  the  same  treatment  as  previously  employed.  After  the 
pulse-rate  and  frequency  of  the  heart-beats  had  become  identical  again  and  reduced 
to  70  and  80  in  the  minute,  the  man  was  discharged  on  the  fourth  of  February. 

The  behavior  of  the  urine  was  peculiar.  From  the  first  few  days  it  was  noticed 
that  the  urine  was  at  times  very  pale,  although  the  quantity  excreted  was  not  materi- 
ally increased.  Then  there  were  other  days  on  which  the  usual  conditions,  dark 
urine  with  high  specific  gravity,  were  observed.  Albumin,  when  any  was  found, 
was  present  only  in  traces.  The  ingestion  of  fluid  was  pretty  much  the  same  on 
individual  days, at  least  according  to  the  statements  of  the  ptatient  and  attendants; 
but  this  matter  is  very  difficult  to  control  in  out-patient  practice. 

On  two  days  the  quantity  of  urine  passed  at  single  evacuations  was  received  in 
separate  vessels.  The  patient  was  not  asked  to  urinate  at  definite  intervals.  The 
result  was  as  follows:  From  the  thirtieth  to  the  thirty-first  of  January,  counting 
from  2  o'clock  in  the  afternoon  until  the  same  hour  on  the  following  day: 

Specific 
Gravity. 

Evening       5  o'clock 1016 

9       "      1018 

Morning       7       "      1023 

9       "      1025 

Afternoon     1.30  "      1010 

From  the  fourth  to  the  fifth  of  February,  from  3  o'clock  in  the  afternoon  until 
12  o'clock  the  following  day: 

Specific 
Gravity. 

Evening        4  o'clock 1019 

6       "      1008 

9       "      1005 

Night  12       "      1005 

Morning        6       "      1015 

Noon  12       "      1016 

The  daily  quantity  of  urine  from  the  thirty-first  of  January  to  the  first  of  Feb- 
ruary was  1260  c.c,  with  a  specific  gravity  of  1015;  from  the  third  to  the  fourth  of 
February,  1650  c.c,  with  a  specific  gravity  of  1010.  As  the  autopsy  showed  that 
there  were  no  changes  in  the  kidneys,  these  chants  in  the  quantity  of  the  urine  may 
be  taken  as  an  indication  of  the  great  variation  m  the  heart  action. 

On  the  twenty-first  of  April,  1876,  the  patient  was  again  admitted.  At  first 
the  former  picture  was  observed,  but  later,  from  the  twenty-fourth  to  the  twenty- 
ninth,  the  temperature  rose  and  fluctuated  between  40.6°  and  39.5°  C.  (104.9°  and 
103.1°  F.).     The  cause  was  not  clear;  endocarditis  as  well  as  pneumonia  was  thought 


Fig.  3. 

of;  no  positive  localized  signs  were  found.  However,  the  fever  fell  by  crisis.  On 
the  first  of  May  the  patient,  believing  himself  able  to  work  again,  discharged  himself. 

From  this  time  on  he  rapidly  declined. 

On  the  twenty-third  of  June  the  man  reported  with  extreme  dyspnea.  In  addi- 
tion to  the  hard  work  which  he  was  still  able  to  perform  he  had  drunk  "in  excess  of 
his  strength,"  as  stated  in  the  clinical  history,  which  was  obtained  from  his  friends. 
This  time  a  difference  was  tiMp^d  ^^  ^^^  condition  in  that  the  number  of  heart-beats 
was  coDs/d'erabJy  '^^^ased^^  to  150.  The  pulse  was  very  irregular  and  feeble, 
-_*L       L_.  x^.  }^y^0.    The  respirationswere  40  and  extremely  labored, 

f  c/jft/Jw^^rfie-Stokes  type.  The  tracing  shown  in  Fig.  4, 
^'X)h  %^yt^^  pansphygmograph  with  the  tambour  applied  on 
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the  right  side  underneath  the  clavicle,  gives  a 
dear  representation  of  the  work  performed 
during  respiration  by  the  auxiliary  muscles 
wUch  expand  the  upper  portion  of  tLe  thorax. 

The  tracing  reminds  one  very  much  of 
Rauchfuss'*  curve,  the  only  one  that  he  ob- 
tained in  "severe  paro:^ms  of  stenosis  (croup 
with  attacks  of  suffocation).''  Rauchfuss  offers 
the  f oUowine  interpretation :  *  *  Inspiratory  ex- 
pansion of  the  thorax  takes  place  by  successive 
stages  instead  of  a  single  effort,  because  the 
inspiratory  muscles  twice  give  out  and  are 
overcome  by  the  tension  of  the  greatly  dis- 
tended walls  of  the  thorax  before  they  attain 
the  position  of  extreme  inspiration;  each  time 
the  thorax  springs  back  to  a  position  of  in- 
complete expiration." 

In  my  sphygmogram  the  periodic  relaxa- 
tion of  the  inspiratory  muscles  is  seen  several 
times — in  some  places  five  times.  If  the  trac- 
ing were  on  a  larger  scale,  it  would  probably 
show  even  more  frequent  intermiptions.  Per- 
sonally I  am  inclined  to  adopt  tne  following 
different  interpretation: 

The  muscles  are  still  capable  of  performing 
the  large  amount  of  work  requirea  of  them, 
but  to  do  so  they  must  be  stimulated  by  a 
powerful  impulse  from  the  center.  If  this  im- 
pulse is  sent  out  the  resistance,  while  quite 
considerable,  is  by  no  means  so  vigorous  as 
when  the  nervous  impulse  is  inadequate.  The 
initial  portion  of  the  curve,  which  rises  very 
little  above  the  abscissa,  shows  better  than 
anything  else  that  the  nervous  impulse  is  the 
determining  factor. 

At  this  time  signs  of  pulmonary  edema 
were  also  present  over  both  bases  in  this  pa- 
tient; with  the  development  of  the  pulmonary 
edema  the  worst  of  the  dyspnea,  which  always 
manifested  itself  in  the  above-described  form, 
subsided.  This  time  there  was  edema  about 
the  ankles  and  slight  ascites.  At  times  there 
was  a  transient  positive  pulse  in  the  jugular 
veins  and  in  the  liver.  The  excretion  of  urine, 
as  in  cardiac  insufficiency  generally,  fell  to  310 
C.C.,  with  a  specific  gravity  of  1032. 

In  spite  of  these  grave  symptoms  the  pa- 
tient again  became  fairly  comfortable.  The 
sphygmogram  on  the  fifth  of  July  (Fig.  5) 
snows  that  the  heart  was  improvea.  On  the 
seventh  of  July  the  man  was  discharged. 

He  was  admitted  for  the  last  time  about 
the  middle  of  August,  and  died  on  the  twenty- 
eighth  of  August,  1876. 

This  last  period  differs  from  the  preceding 
ones  only  by  tne  fact  that  the  dyspnea  was  less 
prominent,  although  signs  of  pulmonary  infarct 
were  noticed  on  the  twenty-fifth  of  August. 

The  autopsy  notes  contain  the  following: 
Heart:  Transverse  diameter,  17  cm.  Right 
ventricle  dilated,  muscle  not  very  friable,  but 
richly  infiltrated  with  fat.    Thickness  at  the 

♦In  Gerhardt's  "Handbuch  der  Kinder- 
krankheiten,"  Bd.  iii,  2.  Halfte,  S.  73,  74, 
TQbingen,  1878,  Laupp. 
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apex,  4  mm.  Left  ventricle  greatly  hvpertrophied;  thickness  of  the  wall,  2  cm. 
Here  and  there  fibroid  thickening  of  tne  endocardium  is  present.  All  the  valves 
are  intact;  the  aorta  and  pulmonary  artery  are  slightly  enlai^ged  and  exhibit  some 
fatty  degeneration. 

Microscopic  examination  shows  that  the  muscle-fibres  in  both  sides  of  the  heart 
are  enlarged  to  about  double  their  size  and  the  nuclei  very  large.  While  some  of 
the  muscle-fibers  are  perfectly  normal,  there  are  a  few  with  albuminous,  and  others 
with  beginning  fatty,  degeneration;  but  they  are  not  numerous  and  are  distrib- 
uted uniformly,  not  collected  in  croups. 

Lungs:  the  right  lung  is  adherent  to  the  pericardium  and  contains  extensive 
infarcts  with  obliteration  of  the  supplying  arterial  branches.  The  left  lung  is  freely 
movable;  both  are  emphysematous.  The  other  organs  show  the  signs  of  conges- 
tion. 

There  was,  therefore,  no  valvular  disturbance  of  any  kind  in  this  case. 
The  heart  muscle,  owing  to  the  inadequate  methods  available  at  that 
time,  showed  but  little  change;  it  was,  however,  markedly  incompetent, 
the  coordination  particularly  being  disturbed.  The  comparatively  rapid 
change  from  a  state  of  practically  complete  insufficiency  to  a  fair  degree 
of  power  is  very  remarkable. 

It  seems  to  be  desirable,  from  a  practical  standpoint,  to  make  a  dis- 
tinction between  these  two  fundamental  forms. 

The  first  is  a  sign  of  cardiac  weakness  occurring  in  the  form  of  fatigue. 
This  condition  of  fatigue  may  last  only  a  short  time,  and  its  cessation  may, 
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of  course,  be  followed  by  the  disappearance  of  the  change  in  the  action 
of  the  heart,  which  finds  its  expression,  aside  from  other  signs  that  need 
not  be  specially  mentioned,  in  the  sphygmogram.  (compare  Fig.  1).  It 
may  also  be  permanent,  and  in  that  case  permanent  tissue  changes  are 
present  in  the  heart  which  we  may  designate  by  the  general  term  of  de- 
generation. These  degenerations  may  he  uniformly  distributed  over 
large  areas  of  the  heart  and,  if  that  is  the  case,  the  cardiac  weakness  is 
permanent. 

The  main  features  of  the  pulse  are  fairly  constant.  If  an  increased 
amount  of  work  is  momentarily  thrown  on  the  heart,  the  number  of  pulse- 
beats  increases  materially  and  the  rhythm  becomes  irregular  (compare 
Fig.  2).    The  volume  must  always  be  comparatively  small. 

The  other  signs  are:  The  area  of  the  heart  dulness  differs  but  little 
from  the  normal  and  may  be  identical  with  it.  The  area  of  the  apex- 
beat  may  be  enlarged,  but  the  impulse  is  never  heaving  and  quite  fre- 
quently it  is  distinctly  weak. 

The  heart-sounds  are  weak,  hollow,  and  muffled;  they  may  be  so  in- 
distinct that  the  term  TfuxTtnuv  may  be  used  to  describe  them.  Such 
a  murmur  is  always  systo/ic-  ^^  ^^  frequently  heard  not  only  at  the  apex, 
but  is  transmitted  wft}^  J\,'same  force  or,  to  be  more  accurate,  with  the 
same  weakness  over  tj^^   '^   i^e  heart. 

The  strength  of  jL    0/j  {^  ^  body  is  permanently  diminished.    The  im- 
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pairment  of  strength  chiefly  affects  the  muscular  power,  which  may  be 
very  greatly  diminished. 

The  digestive  apparatus  requires  indulgence,  for  even  those  patients 
who  before  they  developed  heart  disease  had  been  able  to  eat  an3rthing 
and  everything  become  specially  sensitive  to  any  extra  strain  on  the 
stomach  and  intestines. 

A  certain  loss  of  power  manifests  itself  in  those  who  had  been  accus- 
tomed to  mental  work.  Severe  emotional  excitement  may  be  followed 
by  grave  consequences. 

If  the- patient  will  avoid  whatever  makes  an  extra  demand  on  the 
heart,  he  may  continue  to  live  comfortably  for  a  long  time,  but  only  so 
long  as  he  is  willing  to  make  sacrifices,  which  may  have  to  be  very  con- 
siderable when  marked  altdt'ations  are  present.  It  is  not  too  much  to  say 
that  he  must  be  handled  like  a  raw  egg. 

Any  intercurrent  disease,  whether  it  be  of  the  organs  of  respiration  or 
digestion  or  a  general  affection  that  does  not  even  give  rise  to  any  local 
manifestations,  is  a  serious  menace  to  the  patient's  equilibrium,  which  at 
best  is  extremely  unstable. 

A  disturbance  which  to  an  individual  with  a  sound  heart  would  be  no 
more  than  a  slight  indisposition  gives  rise  to  alarming  symptoms  in  heart 
patients  and  is  fraught  with  all  the  serious  consequences  of  circulatory 
disturbance  and  insufficient  tissue  respiration. 

The  second  type  is  in  many  respects  quite  different.  The  sphygmo- 
gram  affords  a  very  good  indication  of  the  condition  of  the  heart.  The 
sphygmogram  in  Fig.  5  illustrates  the  change  in  the  force  of  the  contractions 
and  in  the  rhythm  of  the  individual  pulsations.  Some  of  the  pulse-beats 
are  so  slight  that  the  lever  hardly  rises  at  all,  while  others  send  it  up  to 
a  considerable  height.  A  feeble  pulse-beat  may  directly  follow  a  stronger 
one  in  the  same  sphygmogram.  We  see  the  same  thing  in  Fig.  3,  with  this 
difference,  however,  that  the  waves,  as  a  whole,  are  absolutely  lower. 
When  this  sphygmogram  was  taken  the  patient  was  in  a  very  precarious 
condition. 

This  second  form  differs  from  the  first,  in  which  the  cardiac  weakness 
is  continuous,  by  the  fact  that  the  heart  at  times  is  capable  of  considerable 
exertion.  Therein  lies  the  distinction.  The  heart  muscle  is  not  perman- 
ently reduced  to  its  lowest  limit  of  efficiency,  but  although  at  times  it  is 
capable  of  large  amounts  of  work,  perhaps  even  more  than  the  average, 
it  is,  nevertheless,  inadequate  to  the  task  imposed  upon  it.  The  number 
of  cardiac  contractions  is  always  increased.  Even  during  rest  it  exceeds 
the  normal;  when  extra  demands  are  made  upon  it,  the  number  rises  con- 
siderably and  the  pulse  is  often  uncountable  (delirium  cordis). 

The  heart  dulness,  according  to  my  observation  at  least,  is  always  en- 
larged and,  in  fact,  attains  the  highest  known  limits  in  this  condition. 
The  apex  impulse  is  diffuse  and  heaving,  unless  the  lung  is  adherent  or 
overlaps  the  heart  on  account  of  extreme  emphysema. 

The  heart-sounds  are  extremely  variable.  Sometimes  the  sound  is 
a  very  hollow,  indefinite  something  that  can  be  called  neither  a  sound  nor  a 
murmur — a  scraping  or  scratching  sound,  as  in  pericarditis.  Or  the 
soimds  may  be  sharp  and  swishing,  like  the  whistling  of  a  whip-lash;  at 
other  times  they  may  be  comparatively  pure,  or  there  may  be  murmurs 
like  those  which  accompany  valvular  insufficiency  or  stenosis  of  the  orifices. 
Sometimes  a  deep,  hollow  sound  is  heard  at  some  distance  from  the  pa- 
tient,— one  meter  and  more, — a  sound  that  can  be  distinctly  separated 
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from  all  other  sounds  or  murmurs.  It  is  the  sound  produced  by  the  con- 
traction of  the  heart  muscle  as  a  whole.  It  is  so  loud  that  any  accompany- 
ing murmurs  due  to  incompetent  valves  or  narrowed  orifices  cannot  be 
distinguished  by  direct  auscultation.  The  sound  becomes  louder  when- 
ever the  heart's  action  is  increased.  With  the  stethoscope  the  murmurs 
produced  at  the  orifices  and  valves  can  be  distinguished.  I  have  never 
heard  this  sound  except  over  hearts  which  were  proved  by  other  signs  to 
be  distinctly  hypertrophic,  and  it  disappears  whenever  the  heart  becomes 
permanently  feeble. 

Generally  speaking,  the  auscultatory  phenomena  are  systolic,  although 
it  is  not  always  possible  to  determine  this  point  with  certainty.  When 
the  heart  is  greatly  excited,  the  sounds,  which  are  heard  loudest  at  the 
apex,  are  also  heard  not  only  over  all  the  anterior,  but  also  over  the 
posterior,  surface  of  the  chest. 

The  number  of  sounds  or  murmurs  coincident  with  systole  and  audible 
over  the  heart  is  greater  than  the  number  of  pulse-beats  that  can  be  felt 
in  the  radial  artery.  The  greater  the  number  of  contractions  in  the  unit 
of  time,  the  greater  will  be  this  disproportion.  I  am  forced  to  believe 
that  the  phenomenon  is  regularly  present  in  this  form  of  cardiac  weakness, 
for  I  have  never  seen  a  case  in  which  it  disappeared  after  it  had  once  been 
noted.  Temporarily  the  same  thing  may  occur  not  only  in  any  condition 
of  cardiac  weakness,  but  also  when  the  innervation  is  disturbed  even  for 
quite  a  short  time — in  itself  it,  therefore,  has  no  significance.  But  when  the 
disproportion  is  permanent,  these  fluctuations  afford  a  useful  measure 
of  the  degree  of  cardiac  disturbance.  That  the  pulse  volume  is  quite 
variable  need  hardly  be  mentioned. 

In  harmony  with  what  occurs  in  the  heart  itself  the  strength  of  the 
body  as  a  whole  is  not  uniformly  and  permanently  diminished,  but,  on  the 
contrary,  is  extremely  variable. 

A  patient  who,  a  few  weeks  previously,  may  have  been  in  danger  of  his 
life  on  account  of  cardiac  insufficiency,  may  be  quite  equal  to  doing  the 
hardest  kind  of  work. 

It  is  also  obvious  that  the  disturbances  directly  due  to  insufficient  heart 
action,  the  accumulation  of  blood  in  the  veins,  edema,  diminution  of  the 
urinary  excretions,  etc.,  may  disappear  as  rapidly  as  they  had  developed. 
These  fluctuations  are  mathematically  expressed  in  the  quantity  of  urine 
excreted  and  its  specific  gravity.  It  has  long  been  known  that  cardiac 
insufficiency  is  accompanied  by  a  diminution  in  the  excretion  of  urine; 
but  another  observation,  which  I  reported  many  years  ago,*  is  not  so 
generally  remembered,  namely,  that  in  this  form  of  cardiac  weakness  the 
quantity  and  character  of  the  urine  passed  at  different  times  of  the  day 
shows  marked  variations.  For  this  reason  I  shall  now  report  a  case  which 
was  accurately  observed  in  this  respect: 

Personal  Observation  7. — Building  inspector,  forty-eight  and  one  half  years  old. 
In  his  sixth  year  he  had  septic  infection  which  necessitated  operative  intervention. 
In  his  thirty-ninth  year  he  nad  the  first  relapse;  in  his  fortv-nrst,  a  second.  Until 
then  no  cardiac  disturbances  had  been  discovered.  The  heart  disease  developed 
gradually  during  the  next  few  years,  and  several  times  led  to  marked  symptoms  of 
cardiac  weakness:  anasarca  and  effusions  into  the  pleural  and  peritoneal  cavities. 

There  were  no  positive  signB  o^  *^^y  changes  in  the  valves  or  orifices;  the  cardiac 
dulness  varied  somewhat,  esneci^Hy  i^  ^^^  transverse  diameter.  On  admission, 
November  12,  1897,  the  hearfd^^^®***  which  could  not  be  readily  determined  on 

*  See  MOnzinger,  loc,  ^..  468,  and  the  figures  given  in  Observation  6,  page 

60  et  seq.  ^^.^  p* 
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aooount  of  the  interposition  of  the  markedly  emphysematoifs  lungs,  which  were 
apparently  adherent,  was  as  follows: 

On  the  right — mid-sternum;  above — third  intercostal  space;  apex-beat — fifth 
intercostal  space,  two  fingers-breadths  outside  of  the  nipple-line. 

This  was  the  average  recently;  occasionally  the  right  boundary  would  extend 
from  4  to  5  cm.  beyond  the  sternum  on  the  nght.  The  apex-beat  also  would  be 
displaced  a  few  centimeters  more  or  less  to  the  left. 

From  the  time  the  man  first  came  under  observation  in  1891  the  heart-sounds 
were  feeble  and  hollow;  at  times  systolic  murmurs  were  heard;  at  other  times  not; 
accentuation  of  the  diastolic  sound  over  the  pulmonary  artery  could  never  be  deter- 
mined. 

The  pulse  in  1891  was  still  regular;  but  later — the  exact  time  cannot  be  deter- 
mined because  the  man  was  not  constantly  under  observation — permanent  irregu- 
larities in  the  rhythm  and  force  of  the  heart  developed.  Sometimes  the  irregularity 
in  both  respects  was  quite  marked.  The  disturbances  increased  unmistakably  as 
the  years  went  by.  Whenever  the  patient  again  came  under  observation  for  car- 
diac weakness,  the  result  of  having  again  gone  to  work,  the  pulse  at  the  wrist  was  at 
first  often  uncountable,  only  a  few  individual  beats  being  felt.  Hence  there  was  a 
gross  disproportion  between  what  was  felt  at  the  wrist  and  what  was  heard  over  the 
heart.  But  even  at  times  when  the  cardiac  condition  temporarily  permitted  him 
to  go  back  to  work,  the  irregularities  did  not  disappear;  although  the  pulse  became 
considerably  less  freauent,  being  reduced  by  one-half. 

The  following  spnvgmogram  (Fig.  6)  shows  the  picture  of  the  radial  artery  at  a 
time  when  the  strength  of  the  heart  was  relatively  good. 
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This  time  the  patient  had  returned  to  the  hospital  on  the  twelfth  of  November, 
1897,  with  moderate  anasarca  which  was  severe  only  in  the  legs,  a  slight  degree  of 
ascites,  catarrh  of  the  medium  sized  bronchi,  and  diminution  of  the  quantity  of 
urine  to  less  than  600  c.c.  The  urine  had  a  specific  gravitv  of  1026  and  contained  an 
abundance  of  albumin — about  0.25  per  cent.  The  pulse  could  not  be  counted. 
Rest  in  bed,  a  few  drams  of  the  infusion  of  digitalis,  ana  wine,  with  appropriate  diet, 
rapidly  brought  on  improvement.  By  the  twenty-second  of  November  the  patient 
was  passing  abimdant  quantities  of  urine  and  the  albumin  had  disappeared.  On 
the  twenty-sixth  the  edema  had  almost  completely  subsided. 

From  noon  on  the  first  to  the  same  hour  on  the  second  of  December  the  patient 
was  instructed  to  keep  each  urination  separate.  The  result  is  shown  in  Fig.  7, 
which  also  gives  the  specific  gravity  of  each  evacuation.  Note  the  changes  in  the 
specific  gravity  when  the  quantity  of  urine  excreted  was  almost  the  same. 

Thus  in  the  very  beginning  we  have  the  following: 

120  c.c.  with  a  specific  gravity  of  1013. 
135  c.c.  with  a  specific  gravity  of  1023. 
140  c.c.  with  a  specific  gravity  of  1012. 

I  thought  it  would  be  of  some  value  to  determine,  in  addition  to  the  excretion 
of  urine,  the  quantity  of  fluid  ingested  and  the  time  when  it  was  ingested.  The 
amount  of  water  taken  along  with  the  solid  food,  unfortunately,  had  to  be  disre- 
garded. 

From  9.30  in  the  morning  of  the  seventh  until  the  same  hour  on  the  eighth  of 
December  this  was  carried  out,  with  the  result  shown  in  Fig.  8.  Note  that  durine 
the  first  part  of  the  day  there  was  no  increase  in  the  excretion  of  urine  to  correspond 
in  time  with  the  ingestion  of  fluid.  The  maximum  and  minimum  almost  coincide. 
Later  there  was  some  change  in  this  respect;  but  the  quantity  of  urine  seems  to 
increase  as  compared  with  the  normal  relatively  soon  after  the  ingestion  of  fluid. 
This  means  that  the  heart  has  sufficient  strength  to  increase  the  pressure  in  the  renal 
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arteries  rapidly  after  the  introduction  of  fluid  into  the  circulation.    This  is  also 

shown  by  the  fluctuations  in  the 
specific  gravity,  which  in  the 
main  correspond  with  the  quan- 
tities of  urine  excreted.  On  this 
day  the  differences  were  much 
less  than  on  that  of  the  first  ob- 
servation; for  it  is  not  aston- 
ishing that  with  such  a  copious 
evacuation  of  urine  as  took 
place  at  11.30  o'clock  in  the 
forenoon  and  7.30  o'clock  in 
the  evening  the  specific  gravity 
should  be  very  low. 

These  observations  lend 
further  support  to  my  con- 
tention that  marked  changes 
in  the  working  ability  of  the 
heart  may  be  present  in  this 
form  of  cardiac  weakness, 
and  that  these  changes  may 
be  completed  within  a  rela- 
tively short  time. 

What  takes  place  in 
these  cases  may  be  ex- 
plained about  as  follows: 

In  a  heart  of  this  kind 
the  fibers  are  not  all  equally 
efficient.  Quite  often  there 
has  been  in  the  past  a  true 
h3rpertrophy,  but  in  addi- 
tion there  have  also  oc- 
curred inflanmiatory  or  de- 
generative changes.  Some 
fibers  are  normal,  others  are 
hyperefficient,  while  still 
others  have  an  eflSciency 
less  than  normal.  Under 
such  circumstances  it  is  not 
easy  for  the  muscle  as  a 
whole  to  do  uniform  work, 
because  that  implies  that 
the  individual  fibers,  each 
for  itself,  undergo  a  definite 
degree  of  contraction  within 
a  very  short  time — enough, 
in  fact,  to  make  the  systolic 
change  in  shape  complete. 
Under  normal  conditions  all 
the  fibers  that  are  intact 
and  equally  nourished  are 
equally  irritable;  the  irri- 
tability may  be  subject  to 
variations,  but  these  vari- 
ations affect  all  the  fibers 
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to  the  same  degree.  In  the  condition  under  discussion  this  is  not  the 
case. 

We  do  not  know  whether  a  hypertrophic  fiber  naturally  possesses  the 
same  irritability  as  a  normal  or  degenerated  fiber,  nor  is  the  question 
an  important  one  in  the  present  connection ;  for  the  amount  of  work  of 
all  the  fibers  in  a  diseased  heart  is  necessarily  variable.  A  hypertrophic 
fiber  in  contracting  does  more  work  than  a  normal  fiber,  and  a  normal  fiber 
more  than  one  that  is  degenerated.  In  the  same  way  their  susceptibility 
to  fatigue  is  different. 

But  a  fatigued  fiber  is  less  irritable.  As  soon  as  the  amount  of  work 
constantly  demanded  of  the  heart  exceeds  the  limit  of  that  which  the 
weakest  fibers  can  perform  without  exertion,  the  altered  irritability  of  the 
individual  fibers  must  make  itself  felt — the  more  strongly,  the  greater  the 
amount  of  work  demanded.  But  the  irritability  of  the  fatigued,  weaker 
fibers  is  less  than  that  of  fibers  naturally  more  vigorous.  Hence,  uniform 
stimulation  of  the  entire  heart  has  become  impossible. 

The  strength  of  the  stimulus  is  another  factor.  Either  the  stimulus 
is  suflScient  to  cause  the  fatigued  and  functionally  weaker  fibers  to  con- 
tract along  with  the  others,  or  it  fails  to  do  so.  In  the  former  case  a 
vigorous  contraction  of  the  entire  heart  results  because  the  powerful 
stimulus  induces  a  correspondingly  powerful  contraction  in  those  fibers 
which  have  retained  their  functional  power.  In  the  second  case  some  of 
the  fibers  fail  to  respond  to  the  stimulus  by  contracting,  and  in  that  case 
the  total  work  of  the  heart  is  probably  diminished,  particularly  as  the 
fibers  which  do  not  contract  form  a  dead,  inert  mass  interposed  among 
those  that  do  contract  and  have  to  be  moved  and  compressed  in  the  process 
of  contraction  in  order  that  the  systolic  change  of  shape  may  be  effected. 

It  should  also  be  pointed  out  that  the  nutrition  of  the  heart,  and  hence 
its  irritability  and  functional  power,  depend  on  the  amount  of  blood 
that  flows  through  the  organ.  It  is  probable  that  a  single  vigorous  systole 
is  much  more  effective  than  a  number  of  feeble  contractions.  On  this 
point,  however,  we  lack  precise  information,  nor  do  we  know  what  in- 
fluence the  interposition  of  degenerated  or  inflamed  fibers  has  on  the  move- 
ment of  the  contraction  wave  which  is  propagated  within  the  heart  muscle 
itself. 

Although  the  conditions  are  extremely  complicated,  one  definite 
conclusion  can  be  drawn,  which  is  that  the  heart  works  less  economically 
under  these  conditions.  For  feeble  and  often  repeated  systoles  are  un- 
able either — 

1.  To  propel  the  blood  adequately,  as  shown  by  the  fact  that  the  pulse 
is  no  longer  palpable  at  the  wrist,  although  the  heart  continues  to  con- 
tract; or — 

2.  To  supply  the  heart  itself  with  a  sufficient  quantity  of  blood.  When 
the  systoles  take  place  in  rapid  succession,  the  diastolic  pause  is  extremely 
short.  The  necessary  result  of  this  Ls  a  fruitless  expenditure  of  strength. 
Force  producers  must  be  present,  for  how  othei-wise  could  a  heart  which  is 
almost  paralyzed  regain  its  functional  power  in  so  short  a  time? 

We  may,  therefore,  say  that  fatigue  of  the  weaker  fibers,  which  is 
attended  by  a  rapid  diminution,  first,  of  their  own  power,  and,  later,  by 
a  similar  loss  of  power  on  the  part  of  the  stronger  fibers,  is  the  chief  factor 
in  the  pathologic  process,  Ji  the  weaker  fibers  fail  to  functionate  alto- 
gether; if  their  contractiof.  .^  so  feeble  and  insufficient  ihat  they  become 
a  mere  Inert  mass  whicli  k^^  t^^  carried  along  by  the  vigorous  fibers 
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which  bring  about  the  systolic  change  of  shape,  the  stronger  fibers  are  also 
much  more  exposed  to  exhaustion.  Under  such  circumstances  rest  and 
the  accompanying  improvement  in  the  nutrition  of  the  entire  heart  may 
restore  the  functional  power  because  the  weaker  fibers  are  again  able  to  do 
their  part  of  the  work. 

The  fluctuation  in  the  excretion  of  urine  which  is,  so  far  as  we  can  see, 
independent  of  external  conditions, — at  least,  of  any  that  we  are  able  to 
recognize, — ^possibly  indicates  the  constant  presenec  of  some  conditions 
which  exercise  a  controlling  influence  on  the  work  and  rest  of  such  a 
heart;  but  of  these  conditions  we  know  absolutely  nothing. 

As  physicians  we  must  bear  in  mind  the  daily  recurring  experience  that 
a  heart  of  this  kind  will  retain  its  functional  power  longer  if  it  is  not  over- 
taxed, and  that  overexertion  in  a  very  short  time  brings  on  exhaustion 
beyond  recovery. 

2.  The  Vessels. — ^The  arterial  phenomena  that  manifest  themselves 
in  cases  of  heart  weakness  are  quite  simple.  Insufficient  filling  of  the 
arteries  and  alterations  of  the  rh)rthm — these  are  the  important  points. 

In  the  case  of  the  capiUaries  and  the  veins,  the  conditions  are  not 
so  simple.  The  nutrition  of  the  tissues,  and  their  functional  activity,  which 
depends  on  it,  are  directly  controlled  by  the  circulation  in  the  capillaries. 
In  the  last  analysis  every  functional  and  nutritive  abnormality  that  occurs 
in  the  body  of  a  heart  patient  must  be  referred  to  some  disturbance  of  the 
capillary  circulation.  But  this  question  cannot  be  treated  as  a  whole; 
it  must  be  taken  up  in  connection  with  the  effects  of  cardiac  weakness  on 
the  individual  organs. 

The  effect  on  the  veins  may  be  discussed  more  briefly. 

Any  reduction  worth  mentioning  in  the  work  of  the  heart  is  necessarily 
followed  by  a  more  or  less  marked  accumulation  of  blood  in  the  veins 
of  the  greater  circulation.  This  accumulation  is  first  seen  in  the  super- 
ficial veins  of  the  neck,  especially  the  external  jugulars.  The  vessels  ap- 
pear Uke  blue  cords  underneath  the  skin,  collapsing  during  inspiration  and 
swelling  during  expiration.  In  itself  this  is  a  normal  process;  but  in 
cases  of  cardiac  weakness  it  becomes  distinctly  visible  because  the  greater 
distention  and  overfilling  of  the  vessel  make  it  possible  for  the  column 
of  blood  to  perform  movements  on  a  larger  scale. 

The  right  auricle  is  filled  by  the  two  vense  cava  under  higher  pressure ; 
and  because  it  is  more  distended,  the  further  entrance  of  blood  from  the 
vense  cava  and  their  branches  is  interfered  with.  The  latter  are  continu- 
ally overfilled  and  are,  therefore,  more  widely  opened,  which  in  itself  ren- 
ders the  contents  more  movable.  It  is  also  obvious  that  the  greater  mass  of 
fluid  inclosed  by  the  venous  walls  also  develops  more  kinetic  energy  as  it 
moves.  In  order  at  once  to  dispose  of  all  the  important  points  that  affect 
the  movement  of  the  blood  in  the  jugular  veins,  it  should  be  mentioned 
that— 

1.  In  general  pulsating  movements  are  more  visible  on  the  right  side  of 
the  neck  than  on  the  left.  This  is  a  necessary  result  of  the  course  of  the 
vessels. 

On  the  right  side  the  innominate  (brachiocephalic)  vein  passes  with  a 
sHght  curve  into  the  superior  vena  cava,  while  the  jugular  veins  almost 
appear  like  simple  continuations  of  the  cava. 

On  the  left  side  the  innominate  (brachiocephalic)  vein  forms  an  angle 
at  its  junction  with  the  superior  cava,  and  the  two  jugular  veins  also 
have  a  less  direct  course  than  on  the  right  side. 
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Hence  there  is  more  resistance  to  the  movement  of  the  blood  on  the 
left  side  than  on  the  right,  because  the  change  in  the  direction  of  the 
current  due  to  the  greater  angle  at  the  junction  of  the  branches  absorbs  a 
part  of  the  kinetic  energy  developed. 


Fia.  9. — (Lusobka,  "  The  Anatomy  of  the  Human  Neck.") 
a.  Vena  cava  superior;  b,  vena  anonyma  brachiocephalica  dextra;  b\  vena  anonyma  brachio- 
oephalica  sinistra;  c,  vena  subclavia  dextra;  c',  vena  subclavia  sinistra;  <i,  vena  jugularis  interna 
dextra;  d\  vena  jugularis  interna  sinistra;  e,  vena  jugularis  externa  dextra;  e\  vena  jugularis 
externa  sinistra. 


2.  The  valves  in  the  jugular  veins  affect  the  upward  movement  of  the 
blood. 

Henle*  says,  in  regard  to  the  valves  of  the  internal  jugular  vein: 

"  Before  joining  the  subclavian  vein  it  forms  an  enlargement  which  is  more  con- 

*  "Handbuch  der  Gefasslehredes  Menschen/'  Vieweg,  Braunschweig,  1868,  S. 
330. 


SYMPTOMATOLOGY  {SUMMARY).  81 

spicuous  on  the  right  than  on  the  left  side.  This  second  enlargement,  the  inferior 
bulb  of  the  jugular  vein,  is  closed  above  by  a  single  or  bicuspid  valve  with  the  free 
border  directed  downward.  The  single  valve  is  attached  to  the  outer  wall  of  the 
vein:  the  bicuspid  bounds  an  oblique  cleft,  the  anterior  extremity  of  which  is  gener- 
ally directed  lateralljr. 

"The  bulb  is  oviform  and,  depending  on  the  position  of  the  valve  (its  greatest 
distance  from  the  junction  of  the  internal  jugular  vein  with  the  subclavian  is  25  mm.), 
more  or  less  extended.  Sometimes  the  valve  is  situated  as  low  as  the  angle  of  junc- 
tion of  the  internal  jugular  and  subclavian  veins;  in  such  a  case  the  valve  is  usually 
single  and  extends  from  the  subclavian  vein  downward  into  the  lumen  of  the  inter- 
nal jugular.  Sometimes  both  single  and  double  valves  are  present,  the  upper  one 
being  double  and  the  lower  single.  In  such  a  case  the  latter  is  so  placea  that  its 
free  border  crosses  the  cleft  of  the  double  valve  at  a  right  angle. 

"  The  valves  hinder  the  backward  flow  of  blood  from  the  innominate  vein  into 
the  veins  of  the  skull;  they  are  more  important  on  the  right  side  of  the  body,  where 
the  innominate  vein  lies  in  the  course  of  the  superior  vena  cava,  than  on  the  left. 
Aocordindy,  these  valves  are  more  freauently  absent  or  inadequate  on  the  left  side 
than  on  tne  right,  and  this  explains  wny  the  inferior  bulb  of  the  internal  jugular 
vein  is  also  less  constant." 

The  above  description  shows  to  what  great  variations  the  valvular 
apparatus  is  subject.  Although  it  is  better  developed  on  the  right  side, 
yet  whenever  the  vein  is  overfilled,  the  valves  are  unable  to  prevent  the 
backward  flow  of  blood,  which  is  favored  by  the  arrangement  of  the 
vessels. 

In  r^ard  to  the  valves  of  the  external  jugular  vein,  Henle  *  says:  "The  exter- 
nal jugular  vein  has  a  double  valve  at  its  mouth,  or  immediately  above  it,  and  fre- 
quentnr  a  second  valve  about  the  middle  of  the  neck;  rarely  a  third  between  the 
two  others." 

These  valves  have  probably  but  little  influence  on  the  movement  of  the 
blood  when  the  vein  is  overfilled. 

The  visible  vascular  phenomena  in  the  veins  dependmg  upon  the 
respiration  usually  do  not  extend  beyond  the  jugular,  although  both 
Eichhorstt  and  m3rself  have  in  a  few  instances  seen  distinct  respiratory- 
fluctuations  in  the  veins  of  the  arm,  the  face,  the  chest,  and  the  abdomen. 

Let  us  now  examine  these  movements  of  the  blood  in  the  veins  which 
are  dependent  upon  the  heart. 

1.  The  Physiologic  Venous  Pulse. — RiegelJ  laid  the  first  necessary 
foundations  for  the  proper  understanding  of  this  question. 

He  very  properly  emphasized  the  fact  that  we  should  follow  Friedreich 
in  fixing  the  term  "  venous  pulse,"  altogether  apart  from  the  direction  of 
the  current,  and  that  we  should  speak  of  a  venous  pulse  in  all  cases  when 
an  independent  pulsation  occurs  in  a  vein  due  to,  and  isochronous  with, 
the  action  of  the  heart,  and  either  single  or  multiple. 

Adhering  to  this  principle  Riegel  laid  down  the  following  rules,  based 
on  animal  experiments  as  well  as  on  clinical  observations: 

In  the  region  of  the  superior,  as  well  as  of  the  inferior,  vena  cava  there 
is  a  constant  pulsation,  coincident  in  time  with  the  movements  of  the 
heart. 

This  pulsation  is  not  due  to  any  movement  of  the  blood  beginning 
in  the  right  heart  and  passing  toward  the  left  heart,  but  merely  represents 

*Loc.  cie.,  p.  348. 

t  "Lehrbuch  der  physikalischen  Untersuchungsmethoden,"  Bd.  ii,  S.  109,  3. 
Auflage,  Friedr.  Wreden,  Berlin,  1889. 

t  "Ueber  den  normalen  und  pathologischen  Venenpub,"  "Deutsches  Archiv 
fQr  klinische  Medicin,"  Bd.  xxxi,  1882,  S.  1  ff. 
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Fig.  10. 


the  flow  of  blood  from  the  vena  cava  to  the  right  auricle,  which  is  more  or 
less  impeded  at  different  times. 

The  contraction  of  the  auricle  impedes,  its  expansion  favors,  the 

emptying  of  the  veins. 
On  the  accompany- 
ing sphygmograms  of 
the  external  jugular  in 
man,  taken  from  Riegel, 
the  carotid  curve  from 
the  other  side  of  the 
body  is  also  indicated 
in  dotted  lines. 

As  the  carotid 
sphygmogram  repre- 
sents the  systole  and 
succeeding  diastole  of 
the  left  ventricle,  this 
makes  it  possible  to  determine  the  general  relations  of  the  venous  pulse 
to  the  movements  of  the  ventricle.  That  is  the  important  point;  for  we 
already  have  a  sufficiently  accurate  knowledge  of  the  time  relations  of 
the  contraction  of  the 
entire  heart,  includ- 
ing both  the  auricles 
and  the  ventricles. 

A  study  of  the  ac- 
companying sphyg- 
mograms from  Riegel 
(Figs.  10-14)  shows 
that  the  pulse  in  the 
jugular  vein  falls  with 
the  beginning  of  ven- 
tricular systole. 

The  beginning  of 
auricular  diastole 
coincides    with    the 

beginning  of  ventricular  systole,  the  latter  being  expressed  in  the  carotid 
tracing  by  an  abrupt  rise  in  the  curve. 

Since  we  know  that  the  contraction  of  the  ventricle  l^egins  as  the  auricle 

into    diastole,    we 


Fio.  11. 


mora 


therefore  have  a  measure 
of  time  for  the  beginning 
of  the  descending  limb 
of  the  venous  sphygmo- 
gram. The  interpretation 
is  obvious:  As  soon  as 
the  auricle  begins  to  di- 
late, it  offers  less  resist- 
ance to  the  blood  con- 
tained in  the  mouths  of 
the  vense  cavse.  The 
blood,    therefore,     flows 


veins,  follows  on  and  fills  the  ven©  cavae. 


l"^{^ ^^Ij  fj>om  lu  ^avae  into  the  auricle;  the  blood  contained  in 
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and  the  distention  of  the  peripheral  veins  therefore  diminishes.  The 
collapse  of  these  veins  causes  the  pulse  lever  on  the  jugular  vein  to  des- 
cend. 

The  converse  of  this  happens  during  auricular  systole,  which  follows 
ventricular  diastole.  As  the  auricle  contracts,  the  blood  contained  in 
it  is  subjected  to  a  greater  pressure  than  prevails  at  the  orifices  of  the  venae 
cavae.  This  prevents  the  blood  in  the  venae  cavae  from  flowing  into  the 
auricle,  and  in  the  same  way  prevents  the  flow  of  blood  from  the  more 
remote  systemic  veins  into  the 
vense  cavae.  The  vessels  are 
more  distended  and  the  lever 
rises,  forming  the  ascending 
limb  of  the  sphygmogram. 

It  is  evident  that  under 
these  circumstances  the  ve- 
nous valves  can  be  of  no 
importance  whatever.  The 
movement  of  blood  toward 
the  right  auricle  is  merely 
interrupted — its  direction  is 
not  altered;  there  is  no  rea- 
son why  the  valves  should 
unfold,  since  they  only  pre- 
vent the  flow  of  blood  from 
the  auricle  upward. 

It  is,  of  course,  admitted 
that  the  auricle,  in  contract- 
ing, directly  forces  a  little 
blood  into  the  orifices  of  the 
venae  cavae.  In  fact,  the  possibility  of  a  recurrent  wave,  which  the 
theory  requires,  must  be  taken  into  account.  But  it  should  also  be  dis- 
tmctly  stated  that  under  normal  conditions  the  quantity  of  blood  which 
thus  flows  back  must  be  very  small.* 

The  main  thing  is  to  establish  the  fact  that  the  venous  pulse  is  such  as 
has  just  been  described;  that  the  venous  sphygmogram  cannot  be  posi- 
tively interpreted  in  all  its  various  parts  is  of  comparatively  minor  im- 
portance. 

I  fully  agree  with  Tigerstedt  that  the  questions  involved  are  very  complicated. 

The  article  of  D. 
Gerhardt  referred 
to  contains  an  ac- 
curate critical  dis- 
cussion of  the  sub- 
ject, with  a  wealth 
of  personal  obser- 
vations and  com- 
plete review  of  the 
literature.  Anyone 

who  desires  more  information  will  find  this  paper  most  instructive.  rThe  article  in 
Sahli's  ''Lehrbuch"  (or  translation)  can  be  consulted  with  profit,  and  also  Chapter 
XVII  of  Mackenzie's  "Study  of  the  Pulse."— Ed.1 

I  shall  merely  mention  a  few  more  points  of  chnical  importance. 

♦See  also  Riegel:  D.  Gerhardt.  "Klinische  Untersuchungen  Qber  Venenpulsa- 
tionen,"  "Archiv  TOr  experimentelle  Pathologic  und  Pharmakoloeie."  Bd.  xxxiv. 
1894,  S.  402  ff.  * 
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A  study  of  RiegeFs  tracings  (Figs.  10-14)  shows  that  the  form  of  the 
venous  sphygmogram  varies.  As  a  rule,  the  normal  venous  pulse  is  ana- 
dicrotic  catamonocrotic.     The  anacrotic  limb  corresponds   to   cardiac 

diastole  and  auricular  systole, 
the  catacrotic  to  cardiac  sys- 
tole. 

Not  the  first,  but  the  second, 
limb  of  the  anadicrotic  wave, 
which  is  shorter  in  duration 
but  usually  more  abrupt,  cor- 
responds to  auricular  systole. 
The  catacrotic  limb  corre- 
sponds to  ventricular  systole. 

In  cases  of  extreme  cardiac 
weakness  anadicrotism  is  not 
rarely  absent  from  the  venous 
pulse;  in  that  case  the  anacro- 
tic limb  may  be  monocrotic. 
Fig.  15  is  an  example  of  this. 

It  is  taken  from  a  cachectic 
woman,   forty-four   years  of  age, 
^O'  15*  with  pneumonia  ancf  a  small  exu- 

date in  the  pericardium.    Extreme 
cardiac  weakness :  very  small ,  f  reauent ,  and  extremely  irregular  pulse.  Marked  pulsa- 
tion in  the  veins  of  the  neck,  which  persisted  after  the  exudate  had  been  absorbed. 
The  sphygmogram  diows  hardly  a  trace  of  anadicrotism.* 

"In  diseases  associated  with  overfilling  of  the  venous  system  and  of 
the  right  heart,  the  venous  pulse  often  attains  a  considerable  size  without 
otherwise — especially  in 
respect  to  its  time  rela- 
tions— differing  from  the 
normal  venous  pulse.  As 
a  rule,  only  the  auricular 
wave  is  considerably  en- 
larged " — probably  rein- 
forced by  the  greater 
quantity  of  blood  thrown 
back  into  the  vense  cavae 
from  the  auricle. 

Riegel  gives  an  illus- 
tration of  the  truth  of 
this  statement  also.  (See 
Fig.  16.) 

The  patient  was  a  man, 
thirty-five  years  old,  who  at-  jp,q   Ig 

tributed  his  heart  trouble  to 
overexertion  five  years  pre- 
viously.    Marked  increase  j'n  the  width  of  the  cardiac  dulness;  no  distinct  apex- 
beat;  distinct  systoh'c  munum-  ^^  ^^®  apex;  second  pulmonary  sound  accentuated. 
At  times  the  heart  action  \^^    very  irregular.     Pulse  medium-sized,  easily  compres- 
«b7a     On  the  right  side  VeJ^^^fs tinct  venous  pulse  in  the  internal  jugular. 

We  see  that  the  secon^  ^    faction  in  the  anacrotic  portion  is  distinctly  enlarged. 
Tbejv  was  a  /g^^  accutnm   %      oi  ^^^^  '^^  ^^^  systemic  veins,  which  was  kept  back 

*for  the  de*    \^^  ^his  case  see  Riegel,  loc.  cit.,  p.  48. 
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by  the  auricular  ^stole;  while  from  the  overfilled,  vigorously  contracting  auricle  a 
larger  quantity  of  blood  was  thrown  back  into  the  \eme  cavse.  This  caused  the 
forcible  stroke. 

2.  The  Pathologic  Venous  Ptdse. — The  pathologic  venous  pulse  is  pro- 
duced by  incompetence  of  the  tricuspid  valve.  During  the  systole  of  the 
right  ventricle  blood  is  thrown  back  into  the  right  auricle  and  thence  into 
the  venfiB  cavse  and  their  distal  branches,  thus  producmg  a  wave  synchro- 
nous with  ventricular  systole  and  traveling  in  a  direction  from  the  right 
heart  toward  the  capillaries.  The  venous  pulsation  is  visible  at  some  dis- 
tance from  the  heart,  depending  on  the  strength  of  the  wave,  the  presence 
or  absence  of  valves  in  the  venous  channels,  and  their  competence  or  in- 
competence. 

The  hepatic  veins  have  no  valves  and  empty  into  the  equally  valveless 
ascending  vena  cava.  Hence,  if  the  contraction  of  the  right  ventricle  is 
adequate,  pulsation  of  the  entire  liver  synchronous  with  ventricular  systole 
may  be  produced — hepatic  venous  pulse.  The  cutaneous  veins  of  the 
abdomen  or  the  legs  may  also  exhibit  actual  pulsation. 

K  the  valves  in  the  inferior  bulb  of  the  internal  jugular  vein  are  com- 
petent and  remain  so,  the  pulsation  caused  by  the  recurrent  wave  appears 
only  in  that  portion  of  the  vessel  which  extends  as  far  as  the  valves — 
ventricular  systolic-jugular  bulb  pulse.  But  if  the  valves  have  become 
incompetent,  the 
pulse -wave  extends 
higher  up  into  the 
branches  of  the  inter- 
nal jugular,  and  if  the 
external  jugular  emp- 
ties directly  into  the 
internal,  the  cutane- 
ous branches  of  the 
former  also  exhibit 
pulsation.  fiq.  17. 

The  wave  may  even 
alter  the  subclavian  and  set  up  pulsations  in  some  of  the  veins  of  the 
neck,  thorax,  and  upper  extremities. 

The  distinguishing  feature  of  this  venous  pulse  is  its  time-relation  to 
ventricular  systole. 

The  accompanying  tracings  of  the  venous  pulse  in  tricuspid  insufficiency 
exhibit  only  one  constant  feature:  the  elevations  coincide  in  time  with 
ventricular  systole  and  the  depressions  with  ventricular  diastole.  The 
apex  of  the  carotid  pulse  does  not  coincide  perfectly  with  that  of  the 
venous  sphygmogram,  the  latter  being  a  trifle  later.  Its  appearance  is 
simultaneous  with  the  first  secondary  wave  of  the  carotid  sphygmogram. 

Similarly,  the  first  elevation  of  the  venous  pulse  is  perceptible  before 
the  appearance  of  the  arterial  elevation.  [It  begins  in  the  **  closing  time  " 
of  the  ventricles,  while  the  arterial  pulse  begins  in  the  expulsion  time. — Ed.] 
Hence  the  venous  pulse  is  presystolic-systolic — not,  as  when  the  tricuspid 
is  competent,  diastolic-presystolic. 

The  form  of  the  sphygmogram  is  quite  variable,  and  the  peculiarities 
of  the  individual  case  must  govern  its  interpretation  in  each  instance. 
It  is  least  difficult  in  a  case  like  that  illustrated  in  Fig.  17.  In  this  the  first 
elevation  corresponds  to  the  contraction  of  the  auricle;  the  second  to  that 
of  the  ventricle;  while  the  explanation  of  the  third  is  variable.* 
*  D.  Gerhardt,  loc.  dt.,  p.  430  et  seq. 
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This  variety  of  venous  pulse,  which  Riegel  calls  the  tjrpical  venous 
pulse,  presupposes  that  the  heart  is  still  capable  of  contracting  vigorously. 

Without  going  into  details,  I  shall  merely  point  out  that  the  factors  which  deter- 
mine the  shape  of  the  venous  sphygmogram  are:  the  force  of  the  auricular  and  ven- 
tricular contractions;  the  quantity  of  blood  accumulated  in  the  systemic  veins  and 
in  the  heart;  and  possibly  also  the  variations  in  the  tone  of  the  venous  walls. 

I  purposely  confine  myself  to  these  fundamental  principles  of  the  doc- 
trine of  venous  pulsation  because  I  believe  they  are  fairly  well  established 

and  because  a  thorough  mastery  of 
them  will  always  enable  one  to  in- 
terpret the  conditions  found  at  the 
bedside.  A  few  additional  points 
should,  however,  be  briefly  men- 
tioned. How  can  the  various  forms 
of  venous  pulse  be  recognized  with- 
out the  use  of  graphic  methods,  as 
usually  has  to  be  done  in  actual 
practice?*  One  source  of  error  must 
be  borne  in  mind:  the  transmission 
to  the  vein  of  the  pulsations  of  a 
contiguous  artery;  or,  to  be  more 
exact,  the  transmission  of  the  carotid 
pulse  to  the  jugular  vein. 

I  agree  with  D.  Gerhardtf  that  a 
transmitted  venous  pulse  of  this  kind 
is  not  very  often  observed  if  the  precaution  is  taken  to  note  whether  "  the 
alternate  distention  and  collapse  really  are  confined  to  the  vein  or  in- 
volve all  the  surrounding  structures."  To  arrive  at  an  absolutely 
definite  conclusion,  the  carotid  should  be  compressed  as  near  as  possible 
to  the  heart,  and  the  vein  at  the  same  time  pushed  to  one  side.  Some- 
times  compression   of  the   carotid  alone  suffices.    Other  authorities  J 


Fig.  18. 


Plo.  19. 


advise  compressing  the  vein  at  the  middle  of  the  cervical  portion.    They 
say  that  the  portion  to  the  cardiac  side  of  the  point  of  compression  collapses 

*  [The  author's  remarks  are  valuable,  but  the  student  of  venous  phenomena  will 
find  it  impossible  to  draw  accurate  conclusions  without  controlling  his  observations 
with  some  apparatus  that  i^^  ^b  simultaneous  tracings  of  the  venous  as  well  as  the 
arterial  (radial,  carotid)  pyi  ^^Ed.I 

t  Loc.  cil,,  p.  439.       ^^,^^  t  See  Eichhorst,  loc.  cit.,  p.  110. 


SYMPTOMATOLOGY  {SUMMARY).  87 

and  no  longer  transmits  the  pulsations;  while  in  the  upper,  peripheral 
segment  the  distention  increases,  and  transmits  the  arterial  pulsations. 
If  the  pulsations  follow  one  another  in  rapid  succession,  this  expedient  is  in- 
dispensable; but  when  the  rhythm  is  slow,  attention  to  the  character  of 
the  pulse  suffices.  The  rapid  rise  and  more  gradual  fall  of  the  arterial 
pulse,  when  transmitted  to  the  vein,  communicate  to  the  latter  the  char- 
acteristic arterial  movement.  When  the  carotid  pulse  is  distinctly  dicrotic, 
the  phenomenon  also  appears  in  the  jugular,  and  there  is  no  longer  any 
doubt  as  to  the  origin  of  the  venous  movement  (Eichhorst). 

D.  Gerhardt'*'  has  described  special  modes  of  origin  of  a  venous  pulse  caused  by 
the  arteries.  They  can  be  recognized  only  by  the  use  of  the  graphic  method  and  are» 
therefore,  of  no  great  value  in  actual  practice. 

Is  it  possible  to  distinguish  positively  the  systolic  venous  pulse  which 
IS  produced  in  tricuspid  incompetence  from  the  normal  venous  pulse, 
reinforced  by  the  accumulation  of  blood  in  the  right  heart  and  large 
venous  trunks,  when  it  is  not  possible  to  record  the  movements  of  the  blood 
derived  from  the  left  ventricle  or  the  movements  of  the  ventricle  itself 
(apex-beat)? 

The  answer  is — not  always. 


Fio.  20. 

In  general  the  criterion  is  the  number  of  pulsations  in  a  unit  of  time.  If  this 
number  is  small,  it  is  possible  to  determine  whether  or  not  the  collapse  of  the  jugu- 
lar vein  coincides  with  the  swelling  of  the  carotids  or  with  the  apex-beat.  But  when 
the  pulse-rate  is  high,  it  is  practically  impossible  to  do  this.  A  very  disturbing 
factor  is  the  respiratory  alteration  of  the  quantity  of  blood  in  the  veins;  the  more 
so.  the  higher  the  respiratory  rate.  In  these  cases  all  that  can  be  seen  is  the  alter- 
nate swelling  and  collapse  of  the  cervical  veins;  the  individual  movements  cannot  be 
distinguished. 

A  common  expedient  is  to  compress  the  swollen  vein  at  about  the 
center  of  its  course.  If  this  arrests  the  movement  of  the  vein  in  the 
central  portion,  true  venous  pulsation  is  absent;  if  the  movement  per- 
sists, it  is  a  true  venous  pulse.  In  this  way  what  was  formerly  called 
*' undulation"  was  distinguished  from  true  pulsation.  Undulation  is 
practically  synonymous  with  normal  diastolic-presystolic  venous  pulsation. 
When  the  venous  trunks  near  the  heart  are  only  moderately  filled  and  the 
strength  of  the  auricular  contraction  is  small,  it  is  quite  true  that  the 
venous  movements  cease  beyond  the  point  of  compression ;  but  not  when 
the  auricle  is  di-stended  with  blood  and  contracting  vigorously,  and  the 
valves  of  the  jugular  veins  are  no  longer  competent.  Under  these  circum- 
stances the  pulsation,  it  is  true,  is  only  diastolic-presystolic  so  long  as  the 

*Loc,cit.,p.  440  fif. 
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tricuspid  remains  competent;  but  the  pulsation  gives  rise  to  a  true  re- 
current wave,  and  the  blood  is  driven  into  the  peripheral  segment  of  the 
vein  beyond  the  point  of  compression.  Hence  the  origin  of  the  pulsation 
cannot  be  positively  determined  by  compressing  the  vein. 

If  the  venous  valves  at  the  inferior  bulb  of  the  internal  jugular  are  com- 
petent, the  movement  of  the  blood  which  escapes  from  the  contracting 
auricle  is  arrested  by  the  closing  valves.  During  expiration  especially 
the  portion  of  the  jugular  above  the  valves  in  the  bulb  rises  and  falls 
rhythmically  with  the  heart  movements,  and  this  movement  can  also  be 
felt  unless  the  heart-beats  follow  one  another  in  rapid  succession,  when  it 
is  sometimes  impossible  to  decide  whether  the  elevation  and  distention 
of  the  vein  coincide  with  the  apex-beat. 

This  presystolic  jugular  pulse,  vigorous  though  it  may  be,  cannot  al- 
ways be  distinguished  from  the  systolic  venous  pulse  in  tricuspid  insuf- 
ficiency without  the  aid  of  a  tracing. 

Another  method  of  examination  that  may  be  thought  of  is  auscultation. 
When  the  valves  in  the  bulb  are  competent  and  close  properly,  a  short 
clapping  sound  is  heard  as  they  are  unfolded  by  the  vigorous  recoil  of  the 
blood-wave.  The  sound  is  the  same  in  quality  as  that  heard  during  closure 
of  the  semilunar  valves,  although,  of  course,  it  is  not  so  loud.  When  the 
finger  is  placed  on  the  vein,  an  impulse  may  be  felt  similar  to  that  felt 
over  the  pulmonary  valves  in  a  case  where  the  pulmonary  artery  is  not 
covered  with  lung. 

If  the  valves  in  the  bulb  are  incompetent,  a  murmur  may  be  heard  in- 
stead of  the  normal  sound. 

Closure  of  the  valves  is  effected  by  the  backward-flowing  blood.  It  is  to  be 
borne  in  mind  that  in  the  presence  of  a  presystolic  jugular  pulse  the  following  auscul- 
tatory phenomena  mav  be  heard  by  listening  over  the  mtemal  extremity  of  the 
davicle  on  the  right  siae: 

1.  A  sound  corresponding  to  the  unfolding  of  the  valves  in  the  bulb  and  coin- 
ciding with  auricular  systole,  nence  presystolic  in  time. 

2.  The  systolic  heart-sound,  which  coincides  with  closure  of  the  tricuspid  valve. 

3.  The  diastolic  heart-sound,  transmitted  by  the  aorta  (probably  not  by  the 
pulmonary  arteiy). 

If  there  is  a  ff^stolic  jugular  pulse,  the  systolic  sound  should  be  replaced  by  a 
murmur,  which  should  be  synchronous  with  the  unfolding  of  the  ju^lar  valves 
produced  by  the  ventricular  systole.  The  murmur  originates  at  the  mcompetent 
tricuspid  valve. 

It  is  actually  possible  sometimes  to  hear  the  three  sounds  which  ought  to  be 
produced  by  the  presystolic  jugular  pulse  when  the  valves  are  competent,  i.  e., 
s^  _j__  v^  .  This,  however,  presupposes  that  the  auricular  contraction  is  vigorous  and 
not  too  rapid.  If  the  valves  in  tne  vein  are  incompetent,  a  practised  ear  may  be 
able  to  detect  the  presystolic  murmur.  I  believe  I  nave  heaixl  it,  but  hesitate  to 
demonstrate  it  clinically  and  should  not  care  to  depend  on  it  for  an  accurate  deter- 
mination of  the  time.  This  is  because  the  murmur  is  lon^r  than  the  brief,  sharp 
click  of  the  valve,  hence  the  latter  makes  a  much  more  definite  impression  on  the  ear. 

In  the  case  of  a  systolic  jugular  pulse  without  insufficiency  of  the  valves  I  have 
never  been  able  to  determine  the  time  relation  of  the  phenomena  by  auscultation, 
anv  more  than  in  cases  of  genuine  systolic  pulsation  of  tne  internal  jugular  when  the 
valves  in  the  bulb  were  incompetent. 

D.  Gerhardt*  heard  a  loud,  deep,  and  very  hollow  sound  over  every  part  of 
the  veins  which  were  the  seat  of  systolic  pulsation;  but  only  when  the  anacrotic 
limb  of  the  sphyemogram  was  very  steep.  He  explained  the  production  of  this 
sound  by  the  sudden  stiffening  of  the  previously  relaxed  venous  wall.  The  value  of 
this  sign  for  determining  the  time  of  the  venous  pulse  I  will  not  venture  to  decide. 

The  following  general  conclusions  may  be  stated:   Pulsation  in  the 
*  Loc.  cit.,  pp.  438,  439. 
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tributaries  of  the  superior  vena  cava,  visible  in  the  neck  or  higher  up,  does 
not  alwa}^  indicate  positively  whether  true  incompetence  of  the  tricuspid 
valve  is  present  or  not. 

On  the  other  hand,  it  may  be  definitely  stated  that  hepatic  vein  pul- 
sations are  always  systolic  and  occur  only  in  tricuspid  insuflSciency,  when 
— and  this  additional  provision  is  important — the  strength  of  the  right 
ventricle  is  fairly  good.* 

Is  it  important  in  actual  practice  to  ascertain  the  true  origin  of  a 
venous  pulse? 

The  various  forms  of  venous  pulse  unquestionably  indicate  how  far 
failure  of  the  heart  has  progressed.  This  at  first  leads  to  a  greater  ac- 
cumulation of  blood  in  the  systemic  veins  (first  stage),  and  the  vague 
movements  in  the  incompletely  emptied  cervical  veins — ^feeble  undulation, 
according  to  the  old  terminology — is  a  sign  of  this  excessive  accumulation. 
The  diastolic-presystolic  pulsating  movements  which  emanate  from  tbe 
overfilled  auricle  may  be  regarded  as  the  second  stage,  while  the  third  stage 
is  represented  by  the  presystolic- diastolic,  pathologic  (true)  venous  pulse. 
But  as  the  latter  can  occur  only  when  the  tricuspid  has  become  incomr 
petent,  and  as  tricuspid  insufficiency  is  much  more  frequently  relative, 
that  is.  due  to  chahges  in  the  muscle  of  the  right  ventricle  and  not  to  per- 
manent tissue  changes  in  the  valves,  its  appearance  may  be  regarded  as 
proof  that  the  right  ventricle  is  no  longer  able  to  perform  its  task. 

If  the  true  venous  pulse  persists,  the  functional  power  of  the  heart  is  not  only 
permanently  reduced,  but,  as  a  rule,  continues  to  diminish  more  and  more.  Finally, 
when  the  work  of  the  heart  is  just  sufficient  to  maintain  life,  the  pulse  may  disappear. 
But  it  seems  to  me  that  this  disappearance  of  the  pulse  is  rarer  than  its  persistence 
until  death. 

It  appears,  therefore,  that  the  variety  of  venous  pulsation  present 
affords  important  prognostic  data.  Postmcx'tem  examination  shows  that 
cardiac  insufficiency  results  in  dilatation  of  the  capillaries  and  veins.  This 
is  an  important  point,  because  the  increase  in  the  width  of  the  channels 
which  is  thus  effected  is  responsible  for  the  diminution  of  the  difference 
between  the  arterial  and  venous  pressure,  which  takes  place  in  spite  of  the 
fact  that  the  strength  of  the  heart  is  not  diminished.  Hence,  to  keep  up 
this  difference  in  pressure  the  heart  is  compelled  to  work  harder. 

Other  disturbances  caused  by  an  increase  in  the  size  of  the  capillaries 
and  veins  in  various  organs  traversed  by  them  must  also  be  taken  into  ac- 
coimt.  Finally,  it  must  not  be  forgotten  that  the  stretching  of  the  walls 
of  the  veins  and  capillaries  may  impair  their  nutrition.  Here  the  con- 
ditions are  extremely  complicated.  The  chief  factor  is  probably  the 
slowing  of  the  blood  stream  in  the  capillaries  and  veins,  which,  as  we  know, 
depends  on  a  number  of  different  factors. 

[The  necessity  of  examining  venous  phenomena  is  now  generally  ad- 
mitted, though  the  results  as  yet  cannot  be  of  immediate  diagnostic  value 
in  many  cases.  (See  Wenckeback,  K.  F.,  "Die  Arhythmie  als  Ausdruck 
bestimmter  Funktionsstorungen  des  Herzens,''  Leipzig,  1903.  English 
translation  ("  Arhythmia  of  the  Heart")  by  T.  Snowball,  Edinburgh  and 
London,  1904.  Mackenzie,  James,  "The  Study  of  the  Pulse,"  Edmburgh 
and  London,  1902.  "The  Literpretation  of  the  Pulsations  in  the  Jugular 
Veins,"  "  The  American  Journal  of  the  Medical  Sciences,"  July,  1907.  Also 
numerous  articles  in  various  clinical  and  physiologic  periodicals.) — Ed.] 

♦  For  the  details  see  the  section  on  tricuspid  insufficiency. 
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3.  Bloodi  Lymph|  Tissue-juices,  and  Dropsy. — Oertel's  writings 
called  attention  to  the  question  of  the  effect  a  diminution  of  the  work 
of  the  heart  has  on  the  blood  and  tissue-juices. 

Oertel  taught  that  it  produced  a  serous  plethora j  i.  e,,  an  increase  in  the 
quantity  of  the  blood  contained  in  the  body,  but  a  still  greater  increase  in 
the  percentage  of  water  in  the  blood. 

This  is  not  so  easy  to  determine  as  it  seems.  The  investigations  have 
to  be  carried  out  on  human  subjects,  so  that  everything  that  might  in- 
jure the  patient  has  to  be  avoided. 

The  specimen  of  blood  cannot  be  taken  indiscriminately  from  any 
portion  of  the  vascular  circulation.  The  arteries  are,  of  course,  out  of  the 
question,  leaving  only  the  blood  in  the  superficial  layers  of  tissue — com- 
monly called  capillary  blood — and  that  obtained  from  the  superficial 
veins.  In  any  case  a  small  quantity  only  can  be  used.  [H.  Strauss  has 
made  important  advances  in  regard  to  the  retention  of  water  by  the  use 
of  a  refractometer.    See  "  Zeitschrift  fiir  klinische  Medicin,"  Bd.  Ix. — Ed.] 

Most  of  the  investigations  have  been  performed  with  whole  blood. 
Besides  the  weight  of  the  dry  residue,  the  percentage  of  hemoglobin  or 
the  number  of  red  corpuscles  has  been  determined.  The  bulk  of  the  dry 
residue  is  obtained  from  the  constituents  in  suspension,  and  among  these 
chiefly  from  the  red  blood-corpuscles.  Hence  the  question  arises  whether 
the  distribution  of  the  red  corpuscles  in  the  plasma  is  uniform,  and  whether 
it  is  the  same  in  the  arteries,  where  the  velocity  of  the  blood  is  greater,  as 
in  the  veins.  If  there  is  a  difference,  the  results  obtained  by  examining 
the  blood  specimen  will  not  yield  definite  conclusions  in  regard  to  the 
constitution  of  the  blood  as  a  whole.* 

Numerous  experiments  have  been  made  with  very  different  results.t 
Cohnstein  and  Zuntz  explain  these  differences  by  the  different  methods 
employed  in  obtaining  the  blood,  and  Kriiger  holds  the  same  view.  Judg- 
ing from  animal  experiments',  we  may  assume  that  arterial  and  venous 
blood  contain  an  equal  quantity  of  red  corpuscles. 

Thus,  in  a  Beries  of  twenty  experiments  on  cats,  Fr.  KrQger  found  that  the 
average  percentage  of  hemoglohin  determined  by  the  spectrophotometer  of  Htlfner 
was,  in  the  blood  taken  from  the  carotid,  100,  and  in  the  blood  taken  from  the  jugu- 
lar vein,  100.1.  The  dry  residue  in  the  same  experiments  was,  respectively,  100 
and  100.5.  His  results  with  the  blood  obtained  from  the  liver,  spleen,  and  kidneys 
are  somewhat  different,  and  we  need  not  go  into  these  differences  here. 

Another  important  result,  which  is  decisive  in  this  connection,  is  the 
fact  that  he  confirms  the  following  proposition,  advanced  by  Cohnstein 
and  Zuntz. 

"Congestion  in  any  portion  of  the  circulation,  even  when  it  is  most 
transient,  causes  an  increase  of  the  percentage  of  hemoglobm  and  of  the 
dry  residue  in  the  blood  of  that  portion  of  the  circulation."  The  fact 
that  this  point  is  frequently  overlooked  explains  the  difference  in  the 
results  of  earlier  observers,  who  certainly  cannot  be  accused  of  any  want 
of  accuracy. 

*  The  various  conditions  which  control  this  point  are  discussed  in  an  important 
paper  by  Cohnstein  and  Zuntz,  entitled,  ''Untersuchuneen  ttber  den  Fhissigkeits- 
austausch  zwischen  Blut  und  Geweben  unter  verschiedenen  physiologischen  und 
pathologischen  Bedineungen,"  "PflUger's  Archiv,"  Bd.  xlii  (1888),  S.  303  ff. 

tCf.  Friedrich  KrQeer,  "Beitrfi-ge  zur  Kentniss  des  arteriellen  und  venteen 
Blutes  verschiedener  Gefftssbezirke,''  **  Zeit.  f .  Biologie,"  N.  F.  vol.  viii ;  the  entire 
series,  vol.  xxvi  (1890).  p.  452  et  8eq.  An  accurate  bibliography  will  be  found  in 
the  article  just  referred  to. 
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But  whenever  the  action  of  the  heart  is  insufficient,  congestive  pheno- 
niena  never  fail  to  make  their  appearance,  and  the  increase  in  the  dry 
residue  of  blood  taken  from  the  point  where  congestion  is  present  will 
depend  on  the  degree  of  congestion.  We  may  conclude  that  the  deviation 
from  the  actual  composition  of  the  whole  blood — ^in  other  words,  the  failure 
of  the  method — always  lies  in  the  direction  of  an  increase  of  the  dry  residue 
in  the  congested  blood. 

How  great  this  error  may  be  it  is,  of  course,  impossible  to  say;  hence 
any  hope  of  deciding  the  question  of  the  amount  of  water  contained 
in  the  blood  as  a  whole  in  cardiac  weakness  by  this  method  must  be  given 
up  from  the  very  start.  It  is  equally  impossible  to  estimate  the  quantity 
of  hemoglobin  in  the  entire  mass  of  the  blood.  I  adhere  to  this  statement 
in  spite  of  the  results  and  arguments  which  S.  Askanazy*  gives  in  his  care- 
ful and  comprehensive  article.  He  usually  determined  the  specific  gravity 
of  the  whole  blood,  as  well  as  that  of  the  serum,  by  Hammerschlag's 
method,  and,  in  addition,  regularly  weighed  the  dry  residue.  The  ques- 
tion whether  we  have  a  right,  in  the  conditions  produced  by  circulatory 
disturbances,  to  speak  of  concentration  of  the  blood  at  the  periphery,  and 
whether  it  is  possible  to  bring  direct  proof  of  the  existence  of  such  an 
unequal  mixture  of  the  blood,  he  attempted  to  solve  in  the  following  man- 
ner: From  six  patients  with  uncompensated  heart  lesions  blood  was  re- 
moved almost  at  the  same  time  from  a  vein  in  the  arm  and  immediately 
after  death  by  puncture  from  the  (right)  heart.  A  slight  difference  was 
found,  sometimes  in  favor  of  the  venous  blood  from  the  heart  and  some- 
times the  opposite.  The  dry  residues  of  the  serums  obtained  from  the 
two  sources  also  showed  similar  differences.  From  this  it  was  concluded 
that ''  there  is  no  material  difference  between  the  amount  of  water  con- 
tained in  central  as  compared  with  peripheral  blood.'' 

I  cannot  admit  that  this  conclusion  is  justified,  and  for  two  reasons: 
First,  "almost  at  the  same  time"  is  not  equivalent  to  "absolutely  at  the 
same  time."  Blood  from  the  vein  was  always  taken  a  short  time,  even 
if  only  the  duration  of  a  few  heart-beats  or  a  few  respirations,  before  the 
blood  was  taken  from  the  heart.  Second,  the  blood  in  the  right  heart  comes 
from  the  tributaries  of  the  inferior,  as  well  as  of  the  superior,  vena  cava. 
That  the  fact  of  this  mixture  was  not  without  effect  may  be  seen  from  the 
relations  of  the  serum.  The  differences  in  the  four  experiments  (out  of 
six)  in  which  data  are  given  are,  in  my  opinion,  not  so  inconsiderable  as 
to  be  regarded  as  withSn  the  limits  of  a  possible  error,  particularly  as  in 
every  instance  it  is  recorded  that  the  dry  residue  of  the  heart-blood  was 
slightly  in  excess. 

The  difference  in  the  first  four  cases  is  in  favor  of  the  heart-blood. 
+  0.22;  0.20;  0.44;  0.43  per  cent. 

The  dr^  residue  of  the  whole  blood  varies.  Of  the  six  cases,  the  venous  blood 
in  four  is  richer,  and  in  two  poorer,  in  dry^  constituents. 

The  fieures  are  as  follows,  indicating  By  a  p/tM  sign  the  amount  of  dry  substance 
in  favor  of  the  venous  blood  and  retaining  the  order  of  the  original: 

+  0.03;  +  0.69;  +  0.37;  -0.25;  -0.26;  +  0.14. 

If  it  be  considered  justifiable  to  deduce  averages  from  this  small  series,  they  would 
be  to  the  effect  that  whole  blood  taken  from  the  vein  contains  0.27  per  cent,  more  dry 
residue  than  whole  blood  taken  from  the  heart;  while  serum  taken  from  the  heart 
-contains  0.32  per  cent,  more  dry  residue  than  the  serum  of  the  venous  blood. 

*  "Ueber  den  Wassergehalt  des  Blutes  und  Blutserums  bei  Kreislaufstdrungen 
u.  s.  w.  (aus  der  medicinischen  Klinik  von  Lichtheim  in  Kdnigsberg)/'  "Deutsches 
Archiv  fOr  klinische  Medicin,"  Bd.  lix  (1897),  S.  383  ff. 
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This  is  not  the  place  to  go  into  an  explanation  of  these  facts.  Suffice 
it  to  say,  in  order  to  refute  Askanazy's  sweeping  assertion,  that  it  does  not 
seem  justifiable,  after  what  I  have  quoted,  to  draw  positive  conclusions 
from  an  examination  of  the  blood  made  just  before  death. 

Is  there  no  other  way?  As  the  constituents  in  suspension  can  readily 
be  separated  from  the  serum,  and  the  serum  for  our  present  purposes  may 
be  unhesitatingly  regarded  as  identical  with  plasma,  would  a  determina- 
tion of  the  water-percentage  in  the  serum  yield  a  correct  result? 

To  this  we  must  reply: 

There  is  an  intimate  relation  between  the  fluid  portion  of  the  blood  and 
the  fluid  in  the  tissues.  There,  too,  is  a  circulation ;  for  the  blood  plasma 
escapes  from  the  capillaries  into  the  tissues  and  returns  from  the  tissues 
into  the  veins  through  the  lymph-channels.  During  this  process  the  com- 
position is  altered — the  percentage  of  water  in  the  lymph  is  appreciably 
greater  than  in  the  plasma  of  the  blood.  The  same  is  true  of  the  tissue 
juices.  The  actual  values,  to  be  sure,  have  never  been  directly  deter- 
mined ;  but  the  fact  is  well  established,  as,  for  example,  through  the  experi- 
ments of  L.  von  Lesser,*  who  added  to  and  confirmed  the  statements  of 
older  investigators. 

'  Bv  ligating  the  thoracic  duct  in  dogs,  von  Lesser  impeded  the  entrance  of  lymph 
into  the  blood.  He  then  removed  from  these  dogs  blood  varying  in  Quantity  from 
2  to  6  per  cent,  of  their  body  weight.  He  was  able  to  demonstrate  a  dilution  of  the 
serum  even  when  the  interval  between  two  successive  venesections  was  only  twenty 
to  twenty-five  seconds.  The  concentration  of  the  serum  diminished  in  proportion 
to  the  amount  of  blood  withdrawn.  The  following  table  shows  the  details  of  the 
investigation  (the  composition  of  the  serum  is  indicated  in  percentages  of  its  solid 
constituents): 


BraroRB  Vknbsbction 

Lobs  or  Blood  Expressed  in  Percentage  or  Body  Weight. 

(NORMAIi  SbRTIM). 

2-3 

3-4 

4-5 

5-6 

7.39 
7.40 
7.75 
7.79 
8.18 

7.15 

7.51 
8.09 

7.23 

6.69 
7.52 

7.00 
7.00 

7.08 

6.79 
6.89 
6.31 

6.78 

Von  Lesser's  investigations  show  another  important  fact.  He  says, 
quite  correctly:  "It  seems  that  the  alteration  in  the  percentage  of  water 
is  completed  so  far  as  it  is  possible  under  the  given  conditions,  within  a 
very  short  time.  The  change  in  the  water  percentage  of  the  serum 
is  the  same  whenever  the  amount  of  blood  withdrawn  is  the  same,  whether 
the  interval  between  the  two  venesections  is  measured  by  seconds  or 
hours.*'    From  this  it  may  be  concluded  that : 

Since  the  tension  in  the  capillaries  which  are  immediately  connected 
with  the  tissue-fluids  is  also  reduced  by  the  venesection,  the  tissue-fluid  is 
under  a  higher  pressure  and  is  therefore  driven  into  the  capillaries,  from 
which  it  is  returned  to  the  whole  blood  and  diminishes  the  latter's  con- 
centration. 

This  is  the  basis  for  the  explanation  of  the  changes  in  the  blood  which 

*See  bibliography  in  Jtirgensen,  "Blutenziehungen,"  in  v.  Ziemssen's  "Hand- 
buch  der  allgemeinen  Therapie,"  Bd.  i  (1880),  S.  177  ff. 
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occur  immediately  after  a  partial  failure  of  the  work  of  the  heart  and  dis- 
appear again  with  equal  rapidity  as  the  strength  of  the  heart  improves. 

E.  Grawitz*  demonstrated  that  "when  compensation  is  first  disturbed, 
the  fall  of  the  blood  pressure  in  the  arterial  system  causes  a  relaxation  of 
the  smallest  vessels  and  the  transudation  of  tissue-fluid  into  them,  and 
that,  as  a  result ,  the  blood  in  the  capillaries,  as  far  as  their  junction  with 
the  veins,  becomes  progressively  thinner.  This  is  removed  as  soon  as  the 
heart  is  strengthened  and  the  arterial  pressure  raised." 

In  illustration  of  this  I  quote  a  case  of  Qrawitz.f 

Female,  aged  fifty-nine,  with  complicated  valvular  lesion — aortic  insufficiency 
and  mitral  stenosis  ^rom  Gerhardt's  clinic).  At  first  the  general  condition  was 
good  and  the  patient  was  able  to  go  about  and  do  light  work.  Any  physical  exertion 
beyond  her  strength,  such  as  going  up  stairs,  or  any  emotional  excitement  brought 
on  a  disturbance  of  the  heart  action,  causing  acceleration  of  the  pulse,  which  became 
small  and  irregular;  muffling  of  the  heart-sounds;  dyspnea,  but  not  edema.  Rest 
in  bed  and  small  doses  of  digitalis  always  brought  relief  in  a  short  time. 

The  results  of  the  successive  examinations  are  shown  in  the  following  table. 


Time. 


October  9th. 
(General  con- 
dition good.) 


October  13th. 
(Heart  dis- 
turbance: 
small  irreg- 
ular pulse; 
but  neither 
cyanosis  nor 
edema.) 


October  19th. 
(For  the  i>ast 
two  days  no 
cardiac  dis- 
turbances.) 


Noremb  er 
17th.  (For 
several  days 
slight  disturb- 
ances without 
edema.) 


Number  of  red  corpuscles 
in  millions 

Diy  residue  of  whole  blood, 
f  er  cent 

Diy  residue  of  serum. 
Per  cent 


4.1 

20.65 

8.95 


3.8 

19.55 

7.95 


4.2 

21.71 

9.9 


4.0 
20.6 
8.35 


This  observation,  like  the  others  reported  by  Grawitz,  shows  the 
same  result;  that  is,  the  solid  constituents  of  the  serum  diminished  when- 
ever the  heart  action  became  impaired  and  increased  as  the  heart  regained 
its  strength. 

It  seems  to  me  that  these  findings  are  susceptible  of  but  one  interpreta- 
tion, the  one  proposed  by  Grawitz,  namely,  alterations  in  the  physical 
conditions  which  are  perfectly  obvious. 

But  if  the  disturbance  of  the  heart  action  is  protracted,  alterations  in 
the  vital  processes  of  those  tissues  which  take  part  in  the  formation 
of  the  tissue-fluid  are  superadded. 

It  was  formerly  held  that  the  tissue-fluid  is  expressed  from  the  capil- 
laries by  a  process  of  combined  pressure  and  filtration  and  that  certain 
osmotic  processes  also  take  place  between  the  fluid  thus  evacuated  and 
that  contained  within  the  tissues.  Now,  it  is  taught,  chiefly  on  the 
strength  of  Heidenhain's  observations,  that "  purely  physical  factors,  such 
as  differences  in  the  pressure  and  in  the  osmotic  tension,  do  not  in  them- 
selves suffice  to  explain  all  the  phenomena  observed  in  the  formation  of 
the  tissue-fluid.  We  must,  therefore,  imagine  that  the  living  capillary 
wall  takes  part  in  the  formation  of  the  tissue-fluid  through  some  kind  of 
secretory  process. 

♦  "Ueber  die  Verfinderungen  der  Blutmischung  in  Folge  von  Circulationsstdr- 
ungen,"  "Deutsches  Archiv  fUr  klinische  Medicin,"  Bd.  liv  (1895),  S.  588  ff. 
t  Loc,  cit.,  pp.  597  and  598. 
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"Nevertheless,  however,  purely  physical  factors  may  also  cooperate, 
although  we  are  as  yet  unable  to  decide  how  much  of  the  work  to  at- 
tribute to  these  physical  factors  and  how  much  to  the  activity  of  the 
capillary  cells." 

In  these  words  Tigerstedt*  sums  up  the  present  status  of  this  question. 
It  seems  to  me  that  we  are  perfectly  justified  in  appl3dng  these  views  to 
pathology.  They  explain  why,  during  protracted  periods  of  impaired 
heart  action,  we  do  not  always  observe  the  same  differences  in  the  com- 
position of  the  blood  fluid.  For  Cohnheim  long  ago  showed  that  the  con- 
ditions on  which  the  function  of  the  capillaries  depends  vary  in  accordance 
with  changes  in  the  composition  of  the  blood  that  flows  through  them  and 
even  with  changes  in  its  velocity. 

Let  us  now  inquire  what  the  percentage  of  water  in  the  blood,  measured 
by  the  serum,  is  actually  found  to  be  in  cases  of  persistent  cardiac  wealaiess. 

Hammerschlag,t  employing  a  method  which  is  adeauate,  at  least,  for  detecting 
the  grosser  conditions,  determined  the  specific  gravity  of  the  plasma  or  of  the  serum 
in  the  blood  taken  from  the  finger-tip.  The  result  was  the  same  whether  plasma  or 
serum  was  used  for  the  examination.  He  examined  twenty-eight  cases  of  cardiac 
insufficiency  with  or  without  associated  valve  lesions. 

The  normal  values  obtained  by  his  method  ranged  from  1032  to  1029,  the 
average  being  1030,  which  tallies  perfectly  with  figures  given  elsewhere. 

Accepting  these  normal  values,  it  was  found  that  the  specific  gravity  was  below 
1029  in  16  examinations — minimum,  1025;  while  it  was  1029  andover  in  9  cases — 
maximum,  1031.  • 

In  three  of  the  cases  observations  were  made  at  different  times: 

Case  VII:  five  observations  between  the  sixth  of  May  and  seventeenth  of  No- 
vember; maximum,  1031;  minimum,  1028. 

Case  XVIII:  three  observations  in  the  course  of  a  week;  the  fluctuations  were 
slight— 1026.5  to  1027.5. 

Case  XIX:  two  observations  in  the  course  of  twelve  days;  again  the  range  was 
small— from  1025  to  1025.5. 

The  total  result  is  that  in  most  of  the  cases  there  was  a  slightly  lai^r 
percentage  of  water  in  the  serum.  J 

E.  Grawitz  correctly  emphasized  the  importance  of  examining  the  same 
patient  at  different  times  when  the  action  of  the  heart  is  variable,  and  it 
was  by  acting  on  this  principle  that  he  obtained  the  above-mentioned  im- 
portant results. 

A  few  illustrations  from  his  paper  may  be  given  to  show  the  effect  of  permanent 
and  considerable  impairment  of  the  heart  action: 

Female,  aged  thirty-eight,  with  mitral  insufficiency  and  slight  stenosis  at  the 
mitral  orifice.  When  she  was  admitted  she  presented  marked  signs  of  congestion: 
small,  irre^lar,  frequent  pulse;  marked  icterus;  the  face  puny  and  cyanotic; 
the  extremities  cool  and  edematous;  severe  dyspnea,  hydrothorax,  ascites,  and  en- 
largement of  the  liver  and  spleen.  The  abdomen  had  been  tapped  several  times 
before  the  patient  was  admitted. 

The  results  of  the  blood  examination  are  shown  in  Table  A,  on  p.  95. 

Under  treatment  the  dropsical  effusions  disappeared  and  the  body  weight 
diminished  bv  twenty-one  pounds.  The  heart  action  became  regular  and  the 
patient  was  able  to  return  to  work. 

Improvement  was  accompanied  by  a  progressive  increase  in  the  diy  residue  of 
the  serum,  which  finally  attained  almost  the  normal  figure — 10.75  per  cent.,  according 
to  Grawitz. 

♦Compare  his  "Lehrbuch  der  Physiologie  des  Menschen,"  Leipzig,  S.  HirzeU 
Bd.  i  (1887),  S.  337. 

f'Ueber  Hydrftmie."  (From  Nothnagel's  clinic.)  "Zeitsch.  ftir  klin.  Med.,'' 
vol.  xxi,  p.  475,  1892. 

t  These  figures  are  calculated  on  the  basis  of  the  table  in  the  original  paper; 
Hammerschlag  himself  has  not  drawn  his  final  results  correctly. 
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05 


Time. 


Marked  staaia. 
Examination 
aoon  after  pa- 
tient's admis- 
sion on  Octo- 
ber 22d. 


Improrement 
begins  Octo- 
ber 27th. 


Improvement 
continues  No- 
vember 2d. 


Bfarked  im- 
provement 
November 
22d. 


Number  of  red  corpuscles 
in  millions 

Dry  residue  of  whole  blood 
f  er  cent 

Dry  residue  of  serum, 
f  er  cent 


5.1 

21.75 

7.7 


6.0 

22.29 

8.06 


6.7 

23.08 

8.9 


5.05 
23.17 
10.1 


Female,  aged  fiftyngeven,  with  mitral  insufficiency,  ruptured  compensation.  In- 
tense cvanosis  and  dyspnea;  frequent  quick  pulse  of  low  tension;  arteriosclerosis; 
markea  dilatation  of  the  right  ventricle,  with  epigastric  pulsation;  marked  edema. 
Table  B  shows  the  course  of  the  disease.  This  case  ended  fatally.  The  autoi)By 
showed,  in  addition  to  thickening  and  retraction  of  the  mitral  leaflets,  slight  begin- 
ning granular  atrophy  of  the  kidneys. 

TABLE  B. 


Number  of  red  corpuscles 
in  millions 

Dry  residue  of  whole 
blood.     Per  cent 

Diy  residue  of  serum. 
Per  cent 


Time. 


6.5 
18.13 
10.30 


his 

.O.D 


gftS 


7.7 
23.0 
9.99 


7.3 
23.0 
10.25 


6.0 

20.15 

9.72 


ill 

00 


5.5 

22.34 

8.5 


4.9 

21.08 

9.1 


Grawitz  remarks  that  in  this  case  the  serum  constantly  contained  dissolved 
hemoglobin  in  larae  and  fairly  constant  quantities;  no  quantitative  estimation  was 
made.  But  the  ory  residue  of  the  serum  is,  on  the  whole,  too  high.  Possibly  the 
individual  observations  are  not  comparable  because  they  were  merely  estimations 
of  hemoglobin.  On  the  whole,  this  case  also  shows  a  constantly  increasing  or  de- 
creasing concentration  of  the  serum,  depending  on  the  amount  of  work  performed 
by  the  heart. 

The  following  observation  is  somewhat  different  (see  table  C) : 


TABLE  C. 

Time. 

Admission  Sep- 
tember 16th. 

Improvement 
begins     Sep- 
tember 30th. 

Improvement 
continues  Oc- 
tober 9th. 

Number  of  red  corpuscles  in  millions 

Dry  residue  of  whole  blood.     Per  cent. . . 
Drv  residue  of  serum.    Per  cent 

3.9 

20.33 

9.45 

4.1 
21.0 
8.15 

4.1 

21.28 

8.32 
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Female,  aged  fiftv-eight.  Marked  dyspnea,  cyanosis,  edema.  There  is  a  loud 
systolic  munnur  at  the  apex;  bigeminus  and  arhythmia.  The  pulse  is  small,  fre- 
quent, and  irregular. 

After  a  brief  period  of  treatment  the  woman  was  able  to  so  back  to  work,  the 
edema  having  almost  entirely  disappeared.  But  the  diy  residue  of  the  serum  had 
decreased  materially,  which  Grawitz  explains  by  assuming  that  the  patient  was 
anemic — not  a  very  satisfactory  explanation. 

The  general  conclusion  of  Grawitz's  investigations  is  that,  on  the  basis 
of  serum  determinations,  an  increase  of  the  water-percentage  in  the  blood 
is  more  frequent  than  a  decrease  in  cases  of  cardiac  insufficiency.  Pos- 
sibly, but  not  always,  when  the  heart  action  is  permanently  inadequate, 
the  percentage  of  water  in  the  blood  is  approximately  proportionate  to 
the  functional  power  of  the  heart. 

Grawitz's  own  conclusions  are  different  because  he  laid  more  stress  on  the  red 
corpuscles  and  the  drv  residue  in  the  whole  blood  than  seems  to  me  justifiable.'*' 
He  obtained  the  blood,  for  his  examinations  by  puncturing  a  superficial  vein  in  the 
arm  and  also  by  making  a  superficial  incision  in  the  finger-tip  or  the  lobe  of  the  ear. 
In  cases  with  marked  stasis  the  blood  taken  from  the  vein  was  more  hydremic  than 
the  ''capillarv"  blood.  From  this  observation  he  deduced  conclusions  which,  it 
seems  to  me,  lack  a  proper  basis;  for  it  is  impossible  to  determine  the  degree  of  in- 
crease in  the  red  corpuscles,  and  with  them  m  the  solid  constituents,  of  congested 
blood  at  one  point  onlyr  in  the  veins  or  capillaries,  hence  the  result  thus  obtained 
cannot  be  used  as  a  basis  for  calculating  the  percentage  of  water  or  the  number  of 
red  corpuscles  in  the  entire  mass  of  the  blood  contained  in  the  body. 

The  solid  constituents  in  the  serum  of  the  venous  blood  and  in  the  blood  taken 
from  cutaneous  incisions  at  approximately  the  same  time  were  determined  only 
twice  in  one  and  the  same  patient,  namely,  in  the  case  cited  above  (table  A).  The 
result  was  as  follows: 

Blood  from  Skin 
Blood  fbom  Vein.  Incision. 

October      27th,  dry  residue 8.06  per  cent.  8.7     per  cent. 

November  22d,      '^        "     lO.I         "  10.03 

Hence  the  first  time  there  was  an  excess  in  favor  of  the  skin  blood  of  0.64  per 
cent.;  but  the  second  time  the  serum  taken  from  the  cutaneous  blood  contained  less 
solid  constituents  by  0.07  per  cent,  than  the  serum  of  the  venous  blood.  Hence  the 
difference  in  the  density  of  these  two  specimens  requires  further  explanation.  There 
is  another  point.  The  examination  in  the  case  of  Mrs.  J.  L.  (table  B)  on  the  eighth 
of  September  showed  the  following  condition  of  the  blood: 

Red  blood-corpuscles, 6.6    millions 

Dry  residue  of  blood 18.13  per  cent. 

Dry  residue  of  serum, 10.30      " 

Another  case  (Mrs.  D.  R.)t  showed: 

Red  corpuscles, 2.7    millions 

Dry  residue  of  blood, 18.01  per  cent. 

Dry  residue  of  serum, 8.08        " 

The  difference  in  the  number  of  red  corpuscles  in  these  two  cases  is,  therefore,  3.8 
millions,  while  the  difference  in  the  drv  residue  of  the  whole  blood  is  only  0.12  per 
cent.  Taking  the  number  of  red  blood-cells  in  the  case  of  Mrs.  J.  L.  as  100,  that  of 
Mrs.  D.  R.  will  be  42.5.  The  diy  residues,  on  the  contrary,  are  in  the  proportion  of 
100  to  99.3. 

The  same  thin^  is  observed  at  different  times  in  the  same  patient  (Mrs.  J.  L., 
table  B).  Companne  the  figures  obtained  on  the  nineteenth  of  September  and  tenth 
of  November,  the  following  proportions  are  obtained: 

Red  corpuscles,  100  to  71.4. 

Dry  residues,  100  to  97.1. 

The  blood  in  eveiy  instance  was  taken  from  the  vein.  I  feel  perfectly  convinced 
that  so  conscientious  an  observer  as  Grawitz  can  never  have  been  guilty  of  gross 
carelessness;  but  I  am  at  a  loss  to  decide  where  the  mistake  comes  in,  for  without 
some  mistake  I  cannot  see  how  the  discrepancy  is  to  be  explained. 

*  Grawitz,  loc,  cU,,  p.  609.  t  Grawitz,  loc.  cit,,  p.  607. 
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Stintzing*  and  Gumprecht  also  worked  with  whole  blood;  they  de- 
termined the  dry  residue  and  the  percentage  of  hemoglobin  by  Gowera' 
method.  The  method  of  weighing  a  fixed  amount  of  blood,  which  Stintz- 
ing has  made  more  convenient  by  taking  a  small  quantity  of  blood  (0.2 
to  0-3  gm.)  with  a  broad  surface  and  allowing  it  to  dry  for  twenty-four  hours 
at  a  temperature  of  65*^  to  70°  C.  ( 147*^  to  158°  F.)  without  waiting  for  com- 
plete removal  of  the  water,  is  sufiiciently  reliable.  The  values  obtained 
are,  of  course,  not  absolutely  accurate,  but  they  are  very  nearly  so,  and 
can  readily  be  compared  with  one  another.  The  blood  was  obtained  from 
a  deep  puncture  in  the  finger-tip. 

Stintzing  and  Gumprecht  determined  the  dry  residues  in  twenty 
healthy  men  and  thirteen  women,  using  their  own  method,  with  the  follow- 
ing results  (normal  values) : 


Average  or 

Dry  Sob- 

BTANCE  Per 

Cent. 

Maximum 

Per  Cent. 

Minimum 

Per  Cent. 

Men 

21.6 
19.8 

23.1 
21.5 

19.6 

Women 

18.4 

From  Table  \^II  (cases  of  heart  disease  with  ruptured  compensation) 
of  the  two  investigators  I  abstract  the  following: 

In  men  the  normal  mean  was  surpassed  in  one  instance  with  22.7, 
so  that  the  normal  maximum  was  not  attained. 

The  normal  minimum  was  attained  or  slightly  exceeded  in  nine  in- 
stances.   The  absolute  minimum  is  14.4. 

Altogether,  twenty-five  separate  observations  were  made  on  eleven 
different  men.  Five  men  with  heart  disease  fell  below  the  normal  mini- 
mum of  19.6  per  cent.    Six  exceeded  it. 

In  women  the  average  was  surpassed  twice  with  20.6  and  21.4  per  cent. ; 
hence  the  normal  maximum  was  not  attained  among  women  either. 
The  normal  minimum  was  attained  twice.  The  absolute  minimum  is 
15.3. 

Altogether,  eleven  separate  observations  were  made  on  six  different 
women.  Three  women  with  heart  disease  fell  below  the  normal  minimum 
of  18.4;  three  exceeded  it. 

Stintzing  and  Gumprecht  conclude  that: 

Hydremia  of  the  blood  in  the  sense  of  a  relative  increase  in  the  normal 
percentage  of  water  unquestionably  occurs  in  many  cases  of  cardiac 
insufficiency." 

The  conclusion  seems  to  me  quite  justified.  As  I  have  frequently 
remarked,  if  a  mistake  is  made  in  examining  the  blood  in  states  of  con- 
gestion for  the  purpose  of  determining  the  dry  residue  in  the  whole  blood, 
it  will  be  in  the  positive  and  not  in  the  negative  direction.  The  individual 
values  obtained  may  not  correspond  to  the  true  values;  but  as  they  can 
only  be  too  high,  the  conclusion  drawn  from  the  total  result  will  be  correct. 

Stintzing  and  Gumprecht  also  foundf  that,  as  the  edema  subsides 

♦  "Wassergehalt  und  Trockensubstanz  des  Blutes  beim  gesunden  und  kranken 
Menschen  "  "Deutsches  Archiv  far  klinische  Medicin,"  Bd.  liii  (1894),  S.  265  ff. 
This  article  contains  an  extensive  bibliography. 

t  Loc.  cU.,  pp.  296,  297  (Tables  X  and  Xl). 
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and  compensation  is  restored,  the  water-percentage  of  the  previously 
hydremic  blood  diminishes;  and  th6  converse  of  this  is  also  true. 

The  results  obtained  by  Grawitz,  which  have  been  cited  above  and 
which  were  obtained  by  examining  serum,  are  to  the  same  effect.  Also 
those  obtained  by  Askanazy.'"    The  latter  sums  up  his  results  as  follows: 

''  Blood-serum  is  always  more  or  less  diluted  and  this  dilution  in  general 
is  in  proportion  to  the  degree  of  dropsy.  It  increases  as  the  dropsy  in- 
creases and  diminishes  as  the  dropsy  subsides,  disappearing  altogether 
when  compensation  is  restored."  The  same  was  true  of  the  specific 
gravity  of  the  serum  in  the  nineteen  cases  examined  by  Askanazy,  in 
twelve  of  which  a  number  of  determinations  were  made. 

Grawitz  t  caUs  attention  to  a  source  of  error  in  the  older  investigations  of  the 
whole  blood  performed  by  determining  the  hemoglobin  percentage  of  venous  blood 
with  the  customary  clinical  colorimetric  methods.  In  conditions  of  stasis  the  venous 
blood  contains  large  quantities  of  reduced  hemoglobin,  which  possesses  high  coloring 
power — much  higher  than  that  of  oxyhemoglobm,  for  which  the  various  apparatus 
are  graduated,  so  that  in  making  the  observations  the  values  obtained  for  congested 
blood  must  be  too  high. 

Must  we  assume  that  the  blood  contained  in  the  vessels  is  increased — 
that  there  is  a  true  serous  plethora?  Stintzing  and  Gumprecht  answer 
'*yes."  They  say:  the  variation  in  the  number  of  red  corpuscles  associ- 
ated with  changes  in  the  concentration  of  the  blood,  which  in  turn  depend 
on  the  increase  and  decrease  of  the  work  of  the  heart,  cannot  be  explained 
by  the  destruction  or  the  new  formation  of  red  blood-cells.  If  that  were 
the  case,  the  regenerative  forms  which  occur  in  other  severe  anemias  would 
have  to  be  seen,  for  the  changes  are  completed  in  a  comparatively  short 
time;  but  these  regenerative  forms  are  absent. 

So  far  I  agree  with  them  entirely.    But  they  go  on  to  say: 

Capillaries  and  veins,  as  we  know,  are  dilated  as  compared  with  their 
normal  caliber  in  cases  of  cardiac  insufficiency  attended  by  stasis;  and 
since  there  is  not  a  corresponding  emptiness  of  the  arteries,  the  blood- 
channels,  on  the  whole,  must  be  enlarged  and  their  contents  therefore 
increased. 

In  reply  I  would  say  that  it  has  not  been  demonstrated  that  the  stasis 
in  cardiac  insufficiency  affects  the  entire  domain  of  capillaries  and  veins; 
nor  are  we  in  a  position  to  give  anything  like  a  definite  opinion  in  regard 
to  the  amount  of  blood  in  the  arteries  in  their  entire  extent.  The  con- 
clusion would  be  justified  if  the  premise  that  dilatation  of  the  capillaries 
and  veins  takes  place  without  any  accompanying  deviation  from  the 
normal  in  the  contents  of  the  arteries  were  correct.  But  do  we  know  any- 
thing about  this  point?  I  think  not.  I  therefore  do  not  consider  it 
proved  that  serous  plethora  exists  under  these  conditions. 

Summing  up  the  entire  question,  we  have  the  following  general  con- 
clusion: Cardiac  insufficiency  is  attended  more  often  by  dilution  than  by 
CQncentration  of  the  whole  blood.  It  is  probable  that  there  is  some 
change  in  the  distribution  of  the  red  corpuscles  and  that  they  are  more 
numerous  wherever  there  is  retardation  in  the  blood  current  or  stasis. 
From  this  it  should  follow  that,  if  there  is  no  increased  formation  of  red 
blood-corpuscles,  the  number  must  be  less  that  normal  in  those  parts 
of  the  body  which  are  not  affected  by  the  stasis.  And,  what  is  more 
important,  arterial  blood  must  contain  less,  and  venous  blood  more, 
red  corpuscles  than  normal.    Finally,  it  would  follow  that  the  quantity 

♦  Loc.  cit.,  p.  409  (Table  IX).  t  Loc-  cit.,  pp.  596,  597. 
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of  hemoglobin  in  the  circulation,  that  is,  the  quantity  of  oxygen  supplied 
to  the  tissues,  must  decrease  in  proportion  as  the  stasis — the  temporary 
exclusion  of  red  blood-corpuscles  from  the  pulmonary  circulation — in- 
creases. It  is  not  necessary  to  explain  the  serious  injury  to  the  functional 
power  of  all  the  tissues  of  the  body  which  this  would  entail. 

This  conception,  which  was  first  suggested  by  Oertel,  does  not  differ 
In  any  material  respect  from  the  prevailing  view.  It  emphasizes  that 
view  by  adding  to  the  dictum  that  diminution  of  the  heart  action  causes 
a  diminution  of  the  quantity  of  blood  supplied  to  the  tissues  in  a  unit  of 
time,  another — that  this  increased  quantity  of  blood  contains  fewer 
red  blood-corpuscles.  Although  the  number  of  red  corpuscles  present 
in  arterial  blood  in  cases  of  stasis  has  never  been  directly  counted  nor 
its  percentage  of  hemoglobin  determined  definitely, — it  is  hardly  necessary 
to  say  that  the  same  investigations  would  have  to  be  made  on  the  venous 
blood  at  the  same  time, — it  seems  to  me  we  are  quite  justified  in  assuming 
that  the  red  corpuscles  actually  are  so  distributed. 

Retardation  of  the  current  when  the  blood  contains  insufficient  quan- 
tities of  oxygen  is  not  without  effect  on  the  tissues  to  which  the  blood 
is  supplied.  Disturbances  are  inevitable,  for  the  ancient  truth  "  the  blood 
is  the  life''  loses  none  of  its  force  even  in  our  day.  This  much  is  certain: 
A  part  which  receives  too  little  efficient  blood  and,  we  may  add,  from 
which  the  blood  after  it  has  been  used  up  is  removed  too  slowly,  dies. 
Death  ensues  within  a  certain  time,  which  varies  for  the  different  organs. 
The  higher  their  differentiation  or,  as  we  also  say,  the  finer  the  organiza- 
tion of  the  tissue,  the  more  indispensable  is  a  constant  and  adequate 
blood-supply.  There  is  always  a  period  during  which  perfect  recovery 
is  possible. 

The  diminution  of  the  oxygen  and  the  increase  of  the  carbon  dioxid 
in  the  more  slowly  moving  blood  afford  some  indication  as  to  the  severity 
of  the  injury  that  may  result.  But  they  probably  do  not  in  themselves 
suffice  to  explain  what  goes  on.  From  the  fact  that  "fatigue  stuffs" 
accimiulate  in  a  nerve  or  muscle  which  is  functionating  out  of  proportion 
to  the  supply  of  blood  which  it  receives  we  may  conclude  that  another 
factor  is  also  concerned.  This  factor  is  produced  by  the  automatic  ac- 
tivity of  the  working  organ  and  disappears  and  becomes  innocuous  when- 
ever the  part  is  adequately  flushed  out  with  blood. 

The  doctrine  of  autointoxication  is  firmly  anchored  on  its  foundations. 
Although  the  identity  of  the  substances  that  are  active  in  the  body  is 
as  yet  insufficiently  or  not  at  all  known,  that  they  exist  we  are  hardly 
justified  in  doubting.  It  applies  to  all  the  organs.  Further  elucidation 
is  a  matter  for  the  future.  For  the  physician  it  is  important  to  realize 
that  injurious  substances  of  this  kind  are  partly  concerned  in  disturbances 
which  are  included  under  the  general  term  of  stasis  because  retardation 
of  the  circulation  is  not  always  proportionate  to  the  effects  produced. 
If  it  were  purely  a  question  of  mechanics,  we  should  expect  the  changes 
to  harmonize  more  fully  with  the  rapidity  or  slowness  with  which  the 
blood  is  renewed  than  is  actually  the  case.  There  is  yet  another,  unknown 
quantity  in  the  problem,  that  we  call  the  resisting  power  of  the  entire 
body  or  of  one  of  its  parts.  But  we  must  also  take  into  account  the  loss 
of  resisting  power  in  organs  which,  for  some  time,  have  been  insufficiently 
supplied  with  blood.  This  loss  of  resisting  power  I  am  inclined  to  attrib- 
ute not  only  to  a  deficiency  of  nutritive  material, — a  negative  cause, — 
but  also  to  the  positive  action  of  the  substances  which  are  produced  on 
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the  spot,  not  in  a  distant  portion  of  the  body,  and  therefore  develop  their 
activities  on  the  spot. 

These  substances  may  be  produced,  first  of  all,  in  the  vessels  them- 
selves; in  the  blood-clots  or  thrombi  which  form  in  them.  We  know  that 
two  conditions  are  necessary  for  the  formation  of  a  thrombus:  the  intima 
of  the  vessel — its  endothelium — must  have  its  vitality  impaired  at  the 
seat  of  the  thrombus,  and  the  circulation  of  the  blood  must  be  retarded 
at  the  same  point.  That  the  former  may,  under  certain  circumstances, 
be  the  result  of  the  latter  is  also  well  known. 

This  is  not  the  place  to  go  into  the  doctrine  of  coagulation  of  the  blood 
at  length.  It  should  be  mentioned,  however,  that  in  heart  patients 
thrombus  formation  is  frequently  observed  in  the  heart  itself — particu- 
larly in  the  right  heart,  next  in  the  sphere  of  the  pulmonary  artery,  and 
more  rarely  in  the  systemic  arteries.  In  the  capillary  system  of  the  greater 
circulation  and  in  the  systemic  veins  we  might  expect  to  find  thrombosis 
oftener  than  is  the  case.  Even  when  the  circulation  is  greatly  retarded 
for  a  considerable  period  of  time  thrombosis  is  not  often  found  either  in 
the  lower  or  in  the  upper  extremities. 

I  once  saw  a  very  instructive  case:  A  man,  fifty  years  old,  who  suffered 
from  chronic  bronchitis  and  slight  cirrhosis,  with  numerous  bronchiectases 
in  the  atelectatic  lower  lobe  of  the  left  lung,  presented  marked  dilatation 
of  the  right  heart  with  considerable  hypertrophy  of  the  right  ventricle. 
The  left  side  of  the  heart  was  approximately  normal.  During  the  last 
two  months  of  life  thrombi  developed  in  the  external  and  internal  jugu- 
lars, innominate,  brachiocephalic,  subclavian,  axillary,  and  brachial 
veins  of  the  left  side.  The  thrombosis  had  been  preceded  and  caused 
by  a  chronic  endophlebitis.* 

It  is  obvious  that  the  necessary  conditions  for  embolism  are  present. 
It  is  probable  that  the  pulmonary  arteries  are  most  frequently  involved, 
the  embolus  being  derived  from  the  right  heart. 

Disturbances  in  the  movement  of  the  body-juices,  which  are  always 
associated  with  failing  heart  power,  must  also  be  mentioned.  We  may 
make  the  general  assertion  that  heart  weakness  causes  slowing  of  the 
tissue-circulation. 

If  the  retardation  attains  a  certain  degree,  the  tissue-fluids  accumulate 
first  in  the  subcutaneous  connective  tissue  and  later  in  the  large  cavities 
of  the  body — dropsy.  There  is  no  doubt  that  one  of  the  chief  conditions 
for  the  production  of  dropsy  is  slowing  of  the  circulation.  Wherever 
the  slowing  is  greatest,  edema  develops  most  early.  In  the  most  de- 
pendent portions  of  the  body,  which  are  farthest  removed  from  the  heart 
and  in  which  the  effects  of  gravity  are  most  marked,  there  ''congestion 
edema ^'  develops  earliest.  The  edema  subsides  as  soon  as  the  strength 
of  the  heart  improves,  and  gravity  is  made  to  act  in  a  different  direction — 
one  more  favorable  to  the  circulation  [by  elevating  the  part,  etc. — Ed.]. 

These  facts  are  firmly  established,  and  hence  the  conclusions  deduced 
from  them  are  probably  unassailable. 

On  the  other  hand,  we  are  far  from  understanding  all  the  details  of  the 
process.  Negatively,  we  may  say  that  the  phenomenon  is  due  to  more 
than  a  mere  alteration  of  pressure  or  nutritional  change  in  the  vessel- 
wall,  making  the  latter  more  permeable  for  the  blood.    Again,  the  peculiar 

*  The  details  of  this  case  are  given  by  Dr.  Rudolph  Heiligenthal,  "Ein  Fall  von 
ausgedehnter  marantischer  Thrombose  im  Gebiet  der  Vena  cava  superior,"  Tubingen 
Dissertation,  1893. 
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properties  of  the  capillary  walls  come  into  play;  their  activity  is  depen- 
dent upon  the  vital  activity,  and  hence  on  the  nutrition  of  the  individual 
cells  of  which  they  are  composed.  The  manner,  as  well  as  the  degree, 
in  which  these  are  injured  probably  varies  at  different  times,  but  for  the 
present  we  know  very  little  about  the  matter. 

The  movement  of  the  lymph  largely  depends  on  the  movements  of 
the  body,  especially  of  the  muscles.  Failure  of  cardiac  power  is  followed 
by  diminution  of  muscular  activity,  which  is  such  an  important  factor 
in  the  onward  movement  of  the  lymph. 

How  far  retardation  of  the  lymph  stream  may  affect  the  physical 
constitution  of  tissues  has  never  been  determined. 

Landerer*  correctly  pointed  out  that  the  elasticity  of  the  tissues  may 
be  impaired  by  the  accumulation  of  tissue-fluid.  In  cases  of  marked 
edema  this  is  proved  by  the  pit  which  remains  after  pressure  with  the 
finger.  But  even  a  very  slight  initial  degree  of  edema,  inappreciable 
to  the  eye,  may  have  the  same  effect,  especially  when  the  tissues  are  ill 
nourished,  as  in  the  case  of  those  who  have  long  suffered  from  inadequate 
heart  action.  Loss  of  elasticity  of  the  tissues  is  accompanied  by  diminu- 
tion of  tissue  tension,  which  is  one  of  the  most  important  factors  in  the 
circulation  of  the  lymph.  It  is  quite  conceivable  that  the  development 
of  edema  may  be  indirectly  favored  in  this  way. 

In  parts  of  the  body  that  are  merely  the  seat  of  simple  venous  hyper- 
emia there  is  no  impediment  to  the  free  evacuation  of  the  lymph.  On 
the  other  hand,  the  emptying  of  the  thoracic  duct  into  the  subclavian  vein 
is  interfered  with  by  the  presence  of  stasis.  Thus  we  have  two  antago- 
nistic conditions,  and  it  is  not  possible  to  decide  beforehand  which  of 
the  two  will  predominate;  in  fact,  this  may  be  subject  to  variations. 

Among  the  grosser  injuries  should  be  mentioned,  first,  diminution  of 
the  quantity  of  urine,  which  is  an  inevitable  consequence  of  the  insufficient 
perfusion  of  the  kidneys  resulting  from  cardiac  insufficiency.t 

Finally,  it  should  be  mentioned  that  the  question^  has  been  raised  and 
is  now  being  discussed  whether  the  nervous  system  is  directly  involved 
and  whether  the  formation  of  tissue-juices  represents  a  secretory  process 
under  the  control  of  the  nervous  system. 

It  follows  from  all  that  has  been  said  that  the  manner  in  which  the 
tissue-fluid  is  formed  under  normal  conditions  is,  after  all,  but  little 
understood,  and  that  it  is  probably  controlled  by  a  number  of  conditions 
in  addition  to  the  mere  physical  factors.  These  other  conditions  are 
dominated  by  the  vital  activities  of  organized  structures.  If  that  is 
the  case,  we  can  understand  why  we  are  unable  to  clear  up  this  very 
difficult  and  complicated  question  of  the  effects  of  failing  heart  power. 

A  few  facts  in  regard  to  the  composition  of  the  fluid  retained  in  the 
tissues  should  be  given: 

1.  Edematous  fluids  that  occur  from  stasis  are  always  considerably 
poorer  in  soUd  constituents  than  the  blood  plasma  or  the  blood-serum. 

Unfortunately,  as  Runeberg§  said,  no  observations  have  been  made 
in  regard  to  the  percentage  of  water  in  the  transudates  and  in  the  serum 
of  the  same  patient.    But  the  variation  from  the  normal  and  from  the 

''"'Die  Gewebsspannunff  in  ihrem  Einfluss  auf  die  ortliche  Blut-und  Lymph- 
bewegang,"  Leipzig,  F.  C.  Vogel  (1884). 

t  For  details  see  p.  129. 

i  See  Tigerstedt,  "Lehrbuch  der  Physiologic,"  Bd.  i,  S.  338. 

§  "Klinische Studien ttberTranssudationsprocesse im Organismus,  I/' "  Deutsches 
Archiv  fQr  klinische  Medicin,"  Bd.  xxxiv  (1884),  S.  1  ff. 
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figures  which  are  obtained  in  cases  of  insufficiency  of  the  heart*  is  so  great 
that  the  fact  itself  becomes  indisputable. 

According  to  Karl  Schmidt,  the  blood  plasma  of  a  healthy  individual 
contains  in  1000  parts:  Solid  substances,  98.49,  composed  of:  fibrin,  8.00; 
albumin  and  extractives,  81.92;  inorganic  salts,  8.51.  The  figures  given 
below  should  be  compared  with  these. 

It  appears  that  the  differences  in  the  composition  of  the  transudate 
chiefly  affect  the  albumins;  the  salts  vary  but  littie.t 

2.  The  region  from  which  the  tissue-fluid  is  obtained  has  a  great  in- 
fluence on  the  composition.  That  obtained  from  the  subcutaneous 
connective  tissue  always  contains  the  smallest  percentage  of  solid  con- 
stituents. 

Thus,  for  example,  Runeber^  t  found  the  following  amounts  of  albumin:  in 
his  patient  No.  24  (chronic  interstitial  pneumonia,  chrome  heart  lesion,  arteriosde- 
rosis)  he  obtained  the  following  results,  the  fluid  being  taken  from  both  places  at 
the  same  time: 

From  the  peritoneal  cavity,  16.4  per  miUe;  from  the  subcutaneous  connective 
tissue,  2.0  per  mille.  In  patient  No.  26  (chronic  organic  heart  disease)  the  transudate 
(taken  at  the  same  time)  from  the  peritoneal  cavity  contained  23.0  per  mille,  and 
that  from  the  subcutaneous  connective  tissue  2.4  per  mille. 

F.  A.  Hoffmann§  also  made  a  number  of  determinations  which  are  shown  in  the 
following  table: 


No.  or  Table 
(Hoffmann). 

Aob;  Sex;  Diaonosu. 

Pabt  fbom  which 
Fluid  was  Ob- 
tained. 

Albumin 
Per  1000. 

13 

Male,  aged  fifty  years,  emphy- 
sema, severe  stasis  with  rapid 
disappearance  of  disturbances. 

Male,  aged  fifty  years;  emphv- 
sema;  degeneration  of  the 
heart  muscle. 

Female,  aged  forty;  insufficiency 
of  the  aortic  ana  mitral  valves; 
albuminuria. 

Male,  a^d  fifty,  with  marked 
stenosis  of  the  aortic  valves; 
dilatation  of  the  entire  heart. 

Female,  aged  sixty;  emphyse- 
ma; bronchitis;  old  fibroid 
myocarditis. 

Left  thigh. 

Leg. 

Thigh. 

Thigh. 

Thigh. 

2.7 

14 

3.0 

19 

4.1 

20 

4.3 

21 

4.4 

The  highest  quantity  of  albumin  reported  I  find  in  a  paper  by  Reuss  ||  in  a  case 
of  degeneration  of  the  heart.  The  quantity  of  albumin  per  thousand  in  the  blood 
obtained  from  the  edematous  thigh  was,  at  the  first  puncture  with  a  Southey's  tube, 
2.24;  second  puncture,  11.50. 

This  is  an  unusually  large  quantity,  and  as  no  other  data  are  given,  we  shall 
have  to  take  the  statement  on  trust.  However,  I  have  no  reason  to  doubt  it  because 
the  reporter  is  a  most  conscientious  investigator  and  is  reporting  an  investigation  of 
his  own. 

*  See  pp.  93-97. 

t  See  Kuneberg,  "Klinische  Studien  ilber  Transsudationsprocesse  im  Organis- 
mus,  II,''  "Deutsches  Archiv  ftlr  klinische  Medicin,''  Bd.  xxxv  (1884),  S.  266  ff. 
X  Loc.  cU.f  p.  10  of  the  first  article. 

I  "Der  Eiweissgehalt  der  OedemflUssigkeiten/'  "Deuteches  Archiv  ftlr  klin- 
ische MedQcin,"  Bd.  xliv  (1889);  taken  from  the  table  on  p.  314. 

II  "Beitr&ge  zur  klimschen  Beurtheilung  von  Exsuaaten  und  Transudaten/' 
"Deutsches  Archiv  fUr  klinische  Medicin,''  Bd.  xxiv  (1879),  S.  583  ff. 
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In  regard  to  the  individual  cavities,  whether  there  is  any  diflEerence 
between  the  contents  of  the  pleural  and  that  of  the  peritoneal  cavity, 
etc.,  is  a  question  that  has  never  been  settled.  The  number  of  analyses 
of  fluid  taken  at  the  same  time  from  different  cavities  from  the  same 
patient  is  too  small  to  form  the  basis  of  a  positive  opinion. 

In  a  case  of  heart  disease  with  universal  dropey  Runeberg  *  found  8.4  per  1000 
of  albumin  in  the  peritoneal  effusion  and  9.0  in  tne  pleural  effusion. 

The  difference  cannot  be  very  great,  as  is  proved  by  the  observations 
made  by  Eduard  Neuenkirchenf  on  the  large  clinical  material  of  the  Riga 
allgemeinen  Krankenhaus.  His  method,  to  be  sure,  is  not  above  criti- 
cism, consisting  in  specific  gravity  determinations  immediately  after 
puncture,  without  correction  for  temperature.  In  a  small. number  of 
cases  the  temperature  of  the  room  was  taken  twenty  hours  later.  Never- 
theless the  results  are  sufficiently  accurate  to  justify  the  answer  to  the 
question  which  has  been  given. 

Neuenkirchen  obtained  in  general  venous  stasis  due  to  heart  disease,  in  most 
cases  non-compensated  valvular  lesions,  the  following  values: 


Spkcific  Gbavitt. 

Maximum. 

Minimum. 

Mean. 

Peritoneal  effusion 

1016 
1016 

1007 
1007 

1012.4 

Pleural  effuinon 

1012.2 

Twenty-eight  peritoneal  effusions  taken  from  10  patients  and  21  pleural  effu- 
sions from  14  patients  were  analyzed. 

3.  In  the  same  patient  the  composition  of  the  fluid  varies  at  different 
times  even  when  taken  from  the  same  cavity.  The  variation  is  due 
chiefly  to  the  fluctuations  in  the  quantity  of  albumin. 

Rankest  in  a  case  of  mitral  insufficiency  and  stenosis,  examined  the  peritoneal 
fluid  obtained  at  four  successive  punctures  with  the  results  given  in  tabular  form 
below.  M6hu,  in  his  great  work,  also  gives  a  somewhat  less  accurate  statement 
in  regard  to  individual  cases. 


RANKE'S  TABLE. 

PUNCTUBE. 

Specific 

Dry  Residue 
PER  Thou- 
sand. 

Albumin  per 
Thousand. 

Inorganic 

PER  Thou- 
sand. 

December  10,  1884,  7750 
C.C 

1017.2 
1016.6 
1018.4 
1019.3 

48.59 
53.32 
54.94 

35.41 
41.34 
43.36 

7.79 

January  12, 1885, 8060  c.c. 

May  4,  1885,  9000  c.c 

June  20.  1885 

8.07 
8.06 
7.85 

♦Table  1,  p.  282,  of  Article  II,  "Deutsches  Archiv  filr  klinische  Medicin,"  Bd. 
zxxv. 

t  '*  Ueber  die  Verwerthbarkeit  des  specifischen  Gewichtes  und  des  Eiweissgehaltes 
pathologischer  Trans-  und  Exsudate  zur  klinischen  Beurtheilung  derselben,''  Dorpat 
dissertation,  1888. 

t  "Ueber  PunctionsflQssigkeiten,''  "  Mittheilungen  aus  der  medicinischen  Klinik 
2U  Wllraburg,"  edited  by  Dr.  C.  Gerhardt  and  Dr.  Fr.  Mttller,  Bd.  ii,  Wiesbaden,  J.  F. 
Bergmann,  1886,  S.  191. 
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With  the  following  table  by  Reuss  *  I  quote  a  case  of  M^hu's  in  which  an  effusion 
into  the  pleura  due  to  mitral  insufficiency  was  evacuated  six  times  bv  puncture. 
The  lengtn  of  time  intervening  between  the  individual  evacuations  and  the  quantity 
of  fluid  obtained  I  do  not  find  noted. 


.   Dbt  Rksidde  per  Thousand. 

Organic  Substance  pes 
Thousand. 

Salts  per  Thousand. 

33.80 
29.20 
28.45 
25.97 
36.38 
36.40 

24.90 
20.60 
20.09 
17.27 
27.58 
27.90 

8.90 
8.60 
8.36 
8.70 
8.80 
8.50 

The  determination  of  the  "organic  substances''  affords  a  valuable  index  for  the 
quantity  of  albumin  contained  in  the  blood  obtained  at  each  puncture.  This  shows 
very  great  fluctuations.  Taking  the  organic  substances  obtained  at  the  first  punc- 
ture as  equivalent  to  100,  the  figures  corresponding  to  the  remaining  punctures  are 
82.7,  80.7,  70.0,  110.7,  112.1. 

Albumin  reached  its  minimum  after  the  fourth  puncture  and  after  that  exceeded 
the  original  quantity. 

On  the  other  hand,  if  we  take  the  salts  obtained  at  the  first  puncture  as  equiva- 
lent to  100,  the  remaining  figures  will  be:  96.6, 93.9, 97.8, 98.9, 95.5. 

The  fluctuations  are  much  less;  the  original  figure  is  never  attained  and  there 
is  no  agreement  with  the  "organic  substances." 

In  regard  to  the  prognosis,  it  is  not  likely  that  the  variations  in  the 
quantity  of  albumin  in  the  transudate  will  ever  afford  any  valuable  data. 
In  regard  to  diagnosis  also  we  must  rest  content  with  the  general  state- 
ment that  inflammatory  exudates  have  a  higher  specific  gravity  and  a 
larger  percentage  of  albumin  than  non-inflammatory  exudates.  It  seems 
to  be  impossible  to  find  any  absolute  values  that  are  positively  constant 
as  regards  specific  gravity  or  the  percentage  of  solid  constituents  in  gen- 
eral, or  of  albumin  in  particular,  in  a  unit  volume  of  the  fluid. 

This  is  the  final  result  of  the  many  laborious  investigations  that  have 
been  made,  and  it  does  not  seem  to  me  that  they  afford  us  any  accurate 
information  as  to  whether  the  transudations  are  due  merely  to  ph3rsical 
factors  or  to  some  conditions  intimately  connected  with  the  continuance 
of  life. 

Finally,  the  changes  in  the  tissues  which  are  often  encountered  after 
venous  hyperemia  has  existed  for  a  long  time  may  be  briefly  mentioned. 
In  general  it  may  be  said  that  a  certain  tendency  to  the  development  of 
connective  tissue  is  associated  with  venous  hyperemia  and  that  this 
tendency  varies  in  different  organs.  The  matter  will  be  made  the  subject 
of  special  treatment  elsewhere.  Which  of  all  the  causes  concerned  in 
the  general  picture  of  stasis  it  is  that  causes  irritation  of  the  connective 
tissue  we  do  not  know. 

4.  Bronchi  and  Lungs;  Pleura. — First  of  all,  the  peculiar  relations 
of  the  blood-vessels  in  the  bronchi  and  in  the  lungs  must  be  discussed. 
There  is  here  a  double  system  of  blood-vessels. 

The  bronchial  arteries  subserve  the  nutrition,  while  the  pulmonary 
artery  and  its  branches  control  the  function  of  the  lungs.  On  the  whole, 
this  view  is  correct,  although  the  line  of  separation  must  not  be  drawTi 

*  Loc,  cU.,  Table  III  a;  Hydro  thorax;  clear  transudate,  p.  612. 
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too  sharply.  What  we  know  in  regard  to  the  question  can  be  briefly 
summed  up,  as  Kiittner'*'  has  done,  in  the  following: 

"1.  The  branches  of  the  pulmonary  artery  are  distributed  chiefly 
and  most  extensively  to  the  infundibula  and  alveoli,  but  also  to  the 
mucosa  of  the  bronchi.  A  few  branches  also  enter  the  interlobular  and 
subpleural  connective  tissue. 

"The  function  of  the  pulmonary  artery  is,  therefore,  chiefly,  although 
not  exclusively,  secretory. 

'*2.  The  so-called  bronchial  arteries  ramify  chiefly  in  the  outer  layers 
of  the  bronchial  wall,  in  the  subpleural  and  interlobular  connective  tissue; 
but  they  also  send  small  branches  to  the  alveoli  and  to  the  mucosa  of 
the  bronchi.  The  bronchial  arteries  are,  therefore,  chiefly,  but  not  ex- 
clusively, nutrient  vessels. 

"3.  The  vessels  arising  from  the  capillary  region  of  the  infundibula 
and  from  the  mucosa  of  the  bronchi  pour  their  contents  chiefly  into  the 
pulmonary  veins,  while  those  vessels  which  originate  in  the  capillary 
regions  in  the  outer  layers  of  the  bronchial  wall  and  in  the  subpleursd 
and  interlobular  connective  tissue  are  called  bronchial  veins  and  empty 
into  the  azygos  and  superior  vena  cava." 

Another  point  brought  out  by  Kiittner  should  be  emphasized,  namely, 
that  the  pulmonary  artery  is  anatomically  an  end-artery  in  Cohnheim's 
sense  of  the  term;  for  true  arterial  anastomoses  cannot  be  demonstrated 
in  the  vessel. 

But  there  are  extensive  capillary  connections.  The  terminal  branches 
of  the  artery  come  so  close  together  that  they  are  only  separated  by  the 
capillaries  of  one  or  two  alveoli.  These  capillaries  themselves  anastomose 
among  themselves  and,  "under  certain  conditions,  may  develop  into 
large,  collateral  (anastomotic)  branches.  There  are,  in  addition,  numer- 
ous other  connections — arterial  anastomoses  between  the  pulmonary 
artery  and  the  bronchial  arteries.  As  for  their  capillary  connections 
at  the  points  where  the  bronchi  merge  in  the  alveolar  ducts,  these  are  all 
the  nwre  important  as  the  branches  of  the  bronchial  arteries  communi- 
cate among  themselves  by  means  of  arterial  anastomoses."  Kiittner 
comes  to  the  final  conclusion  that  the  pulmonary  artery  is  not  an  end- 
artery  in  the  functional  sense  of  the  term. 

These  very  important  facts  were  discovered  partly  by  anatomic  investigations 
carried  out  on  the  lungs  of  animals  and  men  with  the  aid  of  every  known  method,  and 
partly  by  experimentation  on  the  living  animal.  KOttner,t  after  ligating  the  pul- 
monary artery  in  young  rabbits  and  dogs,  slowly  introduced  a  suspension  of  cinnabar 
into  the  circulation  through  the  external  jugular.  The  pigment  was  found  not  only 
in  the  branches  of  the  bronchial  artery,  but  also  in  the  branches  and  ligated  trunk  of 
the  pulmonary  artery,  the  capillaries  of  the  alveolar  walls,  and  the  pulmonary  veins. 

The  cinnabar  must  have  entered  the  system  of  the  pulmonary  artery  through 
branches  of  the  bronchial,  tracheo-esophageal,  mediastinal,  and  pericardiophrenic 
branches,  making  its  exit  through  the  vena  azygos  and  the  superior  vena  cava. 

But  the  large  Quantities  of  cinnabar  that  were  found  in  the  portions  of  the  lungs 
corresponding  to  tne  ligated  pulmonary  arteries  afford  an  additional  proof  that  the 
circulation  in  these  portions  of  the  lung  is  relatively  quite  marked. 

The  important  bearing  of  these  facts  on  pathology  is  obvious.  They 
enable  us  to  understand  how  the  obstruction  in  the  distribution  of  the 

♦"Beitrag  zur  Kenntniss  der  Kreislaufverhaltnisse  der  Sfiugethierlunge," 
von  Dr.  KOttner  (Pathologisches  Institut,  Heidelberg),  "  Virchow's  Archiv,"  Bd. 
Ixxiii  (1878),  S.  476.    The  quotation  will  be  found  on  p.  502. 

t  For  particulars  in  regard  to  the  method  employed  see  loc.  cit.f  p.  517. 


106  INSUFFICIENCY  OF  THE  HEART. 

pulmonary  arteries,  such  as  was  present  in  my  observation  No.  2  (see  p. 
31),  is  compatible  with  the  continuance  of  life.  Since  the  occluding 
blood-clot  enlarged  gradually,  time  was  afforded  for  the  necessary  dila- 
tation of  the  collateral  channels. 

The  significance  of  the  vascular  connection  in  the  lungs  between  the 
lesser  and  the  greater  circulation  must  be  bome  in  mind  in  all  disturbances 
of  the  movement  of  the  blood  through  the  lungs.  Unfortunately,  it  can 
rarely  be  accurately  considered. 

The  propriety  of  a  mechanic  analysis  of  the  changes  in  the  pulmon- 
ary circulation  which  must  ensue  when  either  the  right  or  the  left  side  of 
the  heart  alone  suffers  a  loss  of  power  cannot  be  denied. 

On  the  other  hand,  it  is  to  be  remembered  that  loss  of  power  limited 
exclusively  to  one  half  of  the  heart,  such  as  can  be  artificially  produced  on 
the  model,  probably  never  occurs  in  a  patient  who  has  had  heart  disease 
for  some  time,  for  a  considerable  portion  of  the  heart  muscle  is  common 
to  both  the  left  and  the  right  side  of  the  heart. 

It  is  hardly  to  be  supposed  that  the  muscle,  which  forms  a  continuous 
mass  of  tissue,  derives  its  nourishment  from  whichever  half  of  the  heart 
it  is  specially  assigned  to.  Any  disturbances  of  nutrition  that  may  occur 
must  affect  the  entire  mass;  they  are  not  arrested  by  the  boundary  be- 
tween the  left  and  the  right  side  of  the  heart.  Of  course,  the  disturbances 
may  be  more  marked  on  one  side  than  on  the  other;  but  they  must  be 
present  on  both  sides.  One  side  of  the  heart  cannot  be  diseased  while 
the  other  remains  intact;  there  cannot  be  insufficiency  of  one  side  coinci- 
dentally  with  unimpaired  power  of  the  other.  How  far  these  necessary 
conditions  hold  good  cannot  be  determined  in  general,  but  may  possibly 
be  approximately  estimated  in  an  individual  case.  There  is  no  doubt, 
at  least,  that  they  tend  to  make  the  pathology  of  the  condition  more 
difficult  to  imderstand. 

The  very  fact  that  the  two  sides  of  the  heart  have  part  of  the  muscle 
in  common,  like  the  peculiar  vascular  connections  between  the  greater 
and  the  lesser  circulation,  should  be  a  warning  against  a  one-sided,  purely 
mechanic  conception  and  interpretation  of  the  symptoms  emanating 
from  the  diseased  heart.     Now  to  take  up  the  details. 

1.  Bronchial  catarrh  is  a  frequent,  as  well  as  a  dangerous,  concomit- 
ant of  cardiac  insufficiency.  It  is  not  without  good  reason  that  it  is 
directly  attributed  to  the  circulatory  disturbance  in  the  bronchi,  hence 
the  term  ''stasis  catarrh"  is  frequently  used.  When  the  pressure  in 
the  aorta  falls  and  a  large  quantity  of  blood  accumulates  in  the  veins  of 
the  greater  circulation,  this  forms  an  impediment  to  the  emptying  of  the 
bronchial  veins  and  their  auxiliaries  into  the  superior  vena  cava.  The 
pulmonary  veins  also  are  powerless  to  remedy  the  condition.  Instead 
of  relieving  the  congestion  in  the  bronchial  mucous  membrane,  they 
usually  become  engorged  with  blood  from  the  collateral  connections  and 
thus  become  involved  in  the  general  stasis. 

The  development  of  bronchial  catarrh  is  undoubtedly  caused  chiefly 
by  the  accumulation  of  blood  in  the  superior  vena  cava. 

Special  forms  of  bronchial  catarrh  for  each  kind  of  valvular  lesion  have  been 
descrioed,  so-called  "mitral  bronchitis"  being  given  the  first  place  on  the  list.* 
Hofifmann  quite  properly  points  out  that  this  mitral  bronchitis  only  becomes  severe 

*  See  F.  A.  Hoffmann,  "  Die  Erkrankungen  der  Bronchien/'  Nothnagel's  "Hand- 
buch,"  Bd.  xiii,  S.  78,  79  (special  section). 
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when  the  stasis  begins  to  extend  beyond  the  right  heart — that  is  to  say,  when  the 
strength  of  the  left  ventricle  is  impaired. 

'\M>n  Basch  (see  p.  124)  ceached  the  same  conclusion,  although  he  investigated 
the  question  from  a  dififerent  standpoint. 

But  the  mere  accumulation  of  blood  in  a  mucous  membrane  is  not 
synonymous  with  inflammation.  To  produce  inflammation  a  connecting 
link  is  required,  which  we  may  imagine  as  follows :  The  stasis  is  very  soon 
followed  by  an  increased  desquamation  of  epithelial  cells  and  a  slight 
swelling  of  the  congested  mucous  membrane.  Imbibition  may  occur 
first  and  may  be  due  to  unfavorable  nutritive  conditions  in  the  capillary 
walls,  brought  about  by  the  retardation  of  the  blood  as  it  passes  through 
the  capillaries. 

Denudation  of  the  mucous  membrane  due  to  the  loss  of  epithelial  cells 
thereupon  renders  it  more  sensitive  to  the  irritation  of  foreign  bodies, 
chiefly  dust  entering  with  the  inspired  air.  The  severity  of  the  inflamma- 
tion produced  depends  on  the  character  and  composition  of  these  foreign 
bodies — ^whether  they  are  germs  capable  of  development  or  mere  foreign 
bodies  incapable  of  multiplication,  on  their  "virulence,"  and  on  their 
chemic  or  mechanic  properties. 

Owing  to  the  impaired  nutrition  of  the  insuflSciently  nourished  mucous 
membrane  an  inflanmiation,  no  matter  how  it  is  produced,  spreads  and 
lasts  longer  than  under  normal  conditions. 

Finally,  the  mucous  membrane,  after  repeated  attacks  of  inflammation 
and  quite  apart  from  the  question  of  its  nutrition,  is  apt  to  become  a  loois 
minoris  resisterUias.  A  heart  patient  is  preeminently  subject  to  catching 
cold  and  is  scarcely  ever  free  from  bronchial  trouble.  The  bronchitis 
again  acts  unfavorably  on  the  heart,  imposes  more  work  on  it,  and  brings 
on  exhaustion,  so  that  the  final  collapse  occurs  earlier  than  would  have 
been  the  case  otherwise — all  this  has  already  been  discussed  (see  p.  48). 

There  is  nothing  peculiar  about  bronchial  catarrh  in  cardiac  insuffi- 
ciency. It  should  be  pointed  out,  however,  that  the  catarrh  comparatively 
often  extends  to  the  finer  ramifications  and  is  more  severe  in  the  posterior, 
lower  portions  of  the  lungs  than  in  the  anterior,  upper  portions.  As  a 
rule,  the  disease  is  bilateral.  But  either  the  right  or  the  left  lower  lobe 
may  be  more  extensively  involved  than  its  fellow.  Sometimes  this  is 
due  to  changes  of  long  standing,  especially  pleural  adhesions,  or  to  ex- 
trinsic causes,  such  as  position  in  the  case  of  bed-ridden  patients.  The 
exciting  cause — diminution  of  the  circulation  due  to  heart  weakness — 
always  asserts  itself:  whatever  interferes  with  the  circulation  of  the  blood 
in  the  lungs  at  any  point  favors  the  development  of  bronchial  disease. 

Similarly,  there  is  nothing  characteristic  about  the  sputum.  Quantity 
as  well  as  composition  is  subject  to  the  widest  variation  in  individual 
cases.  In  only  one  respect  is  the  sputum  peculiar:  that  is,  it  may  contain 
the  elements  which  were  first  described  by  E.  Wagner  as  "  Herzfehler- 
zellen"  [usually  known  in  English  as  "heart-disease  cells."— Ed.]. 

F.  A.  Hoffmann*  says  of  these  structures:  "They  resemble  in  every 
respect  the  so-called  desquamated  epithelial  cells  of  the  alveoli,  but  are 
distinguished  by  the  fact  that  they  contain  yellow  and  brown  pigment, 
partly  diffuse,  partly  granular."  This  pigment  contains  iron  and  ought, 
therefore,  to  be  designated  hemosiderin  (Neumann).  Unchanged  red 
blood-corpuscles  or  hematoidin  crystals  (free  from  iron)  may  occur  ex- 

*"Die  Bedeutung  der  Herzfehlerzellen,"  "Deutsches  Archiv  fUr  klinische 
Medicin,"  Bd.  xlv  (1889),  S.  252. 
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ceptionally  in  heart-disease  cells,  but  have  nothing  directly  to  do  with 
their  formation. 

Hoffmann  positively  states  that  heart-disease  cells  are  desquamated 
alveolar  epithelium  containing  altered  hemoglobin. 

Sommerbrodt*  also,  who  tried  to  solve  the  question  experimentally, 
regards  the  cells  as  the  derivatives  of  alveolar  epithelium.  His  explana^ 
tion  of  their  origin  differs  materially  from  Hoffmann's;  but  it  would 
take  me  too  far  afield  to  go  into  this  question  in  detail. 

On  the  other  hand,  it  is  believed  that  white  blood-cells  are  intimately 
concerned  in  the  formation  of  heart-disease  cells.  The  chief  exponent 
of  this  view,  Lenhartz,t  gives  the  following  description:  "In  a  pure 
mucous,  somewhat  tough  and  gelatinous  ground-substance,  clear  or 
pale  yellow,  or  rarely  brownish,  are  fine  and  coarse  granules  oif  a  yellow 
or  brownish  red  color,  either  singly  or  closely  aggregated.  Sometimes 
there  is  only  a  mere  superficial,  somewhat  dark,  dust-like  deposit. 
When  such  a  fleck  of  mucus  with  its  yellow  or  rather  more  reddish  stip- 
pling is  examined  under  the  microscope,  a  large  number  of  cells  arranged 
in  rows  or  heaps  are  at  once  seen  embedded  in  the  ground-substance, 
which  is  quite  homogeneous  or  infiltrated  with  pale,  myelin-like  droplets. 

**The  cells  usually  have  sharp  outlines,  range  in  size  from  that  of  a 
colorless  blood-cell  to  five  times  its  size,  are  round,  oval,  spindle-shaped, 
or  polygonal  in  shape,  and  usually  contain  one  or  more  vesicular  nuclei. 
The  nucleus  is  often  partly  or  completely  concealed  by  fine  and  coarse 
granules  which  completely  fill  the  protoplasm.  These  granules,  as  a  rule, 
have  the  characters  of  myelin;  sometimes  they  are  a  little  more  highly 
refractive,  like  fat,  but  in  the  majority  of  cases  they  represent  a  distinct 
pigment.  The  cell  is  sometimes  filled  with  diffuse,  golden-yellow  pigment ; 
but  more  frequently  the  pigment  is  accumulated  in  the  cell-body  in  the 
form  of  fine  and  coarse  dots,  crumbs,  flakes,  and  balls.  Not  infrequently 
a  few  coarse  granules  only  are  seen  in  the  protoplasm,  which  exhibits 
a  myelinoid  change." 

Unlike  Hoffmann,  Lenhartz  believes  that  the  black  pigment  which 
is  occasionally  found  in  heart-disease  cells  is  alwa}^  derived  from  altered 
hemoglobin. 

He  also  states  that  most,  but  not  all,  the  cells  which  contain  the  pig- 
ment, when  treated  with  potassium  ferrocyanid  and  hydrochloric  acid, 
give  the  iron  reaction,  except  in  the  case  of  quite  recent  and  old  pigment. 

After  stating  his  reasons  at  length,  he  sums  up  his  opinions  in  regard 
to  the  origin  of  heart-disease  cells  in  the  following  words:  'The  cardiac 
lesion  cells  are,  for  the  most  part,  migratory  cells  which  have  either  taken 
up  free  pigment  or  have  elaborated  it  within  themselves  from  red  blood- 
cells  incorporated  in  their  cell-bodies.  Some  of  these  cells  are  '  possibly ' 
derived  from  alveolar  epithelium." 

The  clinical  significance  of  finding  heart-disease  cells  is  that  their 
presence  in  large  numbers  in  the  sputum  is  an  important  sign  of  the  pul- 
monary alteration  known  as  brown  induration.  A  few  scattered  cells 
are  sometimes  found  in  pneumonia  and  phthisis — in  short,  in  all  diseases 

♦"Ueber  Genese  und  Bedeutung  der  eogenaimten  ' Herzfehlerzellen,' "  "Berliner 
klinische  Wochenschrift,"  1889,  S.  1025. 

t  "Mikroskopie  und  Chemie  am  Krankenbett/'  2.  Auflage,  Berlin,  Jul.  Springer, 
1895,  S.  197,  and  his  older  work,  "Ueber  Herzfehlerzellen,"  "Deutsche  medicinische 
Wochenschrift,"  1881,  S.  1039;  also  Stintzing,  under  whose  guidance  Otto  Meyer's 
dissertation,  "Die  Herzfehlerzellen  und  ihre  pathognomonische  Bedeutung,"  Jena, 
1893,  appeared. 
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of  the  lungs  attended  with  the  extravasation  of  blood.  It  is  only  when 
they  are  present  in  large  numbers  that  the  phenomenon  has  any  diagnos- 
tic significance. 

Carl  V.  Noorden,*  who  proposed  the  name  "hemosiderin  cells"  for  the  heart- 
disease  cells,  observed  them  m  bronchial  asthma.  In  one  case  they  were  present  in 
large  numbers  and  had  some  connection  with  Curschmann's  spirals,  which  were  also 
present  in  abundance;  in  fact,  they  were  'intimately  concerned  in  the  formation 
of  these  structures."  v.  Noorden  says  he  is  "unable  to  agree  with  those  who  con- 
sider the  presence  of  these  brown  cells  as  characteristic  of  brown  or  red  induration 
of  the  lung  in  conditions  of  stasis;  not  even  the  presence  of  the  cells  in  large  numbers 
is  any  proof  of  the  existence  of  brown  induration." 

Cases  like  the  one  described  bv  v.  Noorden  may  be  exceptional;  but  it  does  not 
seem  to  me  that  his  explanation  deserves  the  severe  criticism  pronounced  by  F.  A. 
Hofirmann.t 

Brown  induration  is  synonymous  with  pulmonary  congestion  (Stauungs- 
lunge)  in  the  narrower  sense  of  the  term;  hence  the  heart-disease  cells 
are  formed  as  the  result  of  stasis.  Owing  to  the  slowing  of  the  pulmonary 
circulation  diapedesis;  as  well  as  rhexis,  takes  places  in  the  capillaries. 
The  slowing  of  the  current  also  favors  the  desquamation  of  alveolar  epi- 
thelium which  had  previously  become  swollen  and  loosened,  and  permits 
the  migration  of  white  blood-corpuscles  through  the  vessel-walls,  which 
are  the  seat  of  inflammatory  irritation ;  so  that,  on  the  whole,  the  forma- 
tion of  heart-disease  cells  is  not  difficult  to  understand. 

2.  Disturbances  of  respiration  or,  to  use  the  common  term,  dyspnea 
(difficult  breathing),  are  very  commonly  associated  with  cardiac  insuffi- 
ciency. The  weaker  the  heart's  action,  the  more  quickly  is  slight  increase 
of  muscular  activity  followed  by  dyspnea.  In  many  cases  the  symptom 
cannot  be  avoided  without  complete  rest  in  bed. 

Aside  from  the  debility  of  which  the  patient  becomes  aware  by  the 
occurrence  of  dyspnea,  heart  patients  suffer  from  other  symptoms.  We 
may  distinguish  a  mild  form — cardiac  dyspnea — and  a  grave  form — 
cardiac  asthma,  although  the  two  are  essentially  almost  identical.  In 
fact,  it  appears  to  me  that  simple  loss  of  ability  to  work  should  be  men- 
tioned as  an  initial  symptom  in  this  connection,  as  by  doing  so  the  pic- 
ture of  the  condition  as  a  whole  is  rendered  clearer  and  more  real. 

At  first  the  patient  feels  a  greater  desire  for  air  than  the  amount  of 
work  he  is  doing  would  seem  to  call  for.  He  cannot  do  the  same  amount 
of  work  in  the  same  time  as  one  with  a  sound  heart,  because  he  gets 
short-winded.  He  is  forced  to  stop  and  breathe  from  time  to  time. 
The  subjective  sense  is  that  of  dyspnea,  not  of  cardiac  insufficiency;  in 
fact,  it  is  exactly  the  same  as  a  healthy  man  feels  after  running  too  fast 
or  up-hill.  Although,  of  course,  he  is  aware  that  his  heart  is  working 
more  rapidly,  he  finds  this  much  less  troublesome  than  the  dyspnea  and 
the  necessity  to  breathe  more  frequently  or  more  deeply.  As  the  con- 
dition becomes  worse,  the  periods  of  efficiency  are  constantly  shortened 
and  the  periods  of  rest  correspondingly  lengthened.  Palpitation  often 
makes  its  appearance  at  this  time,  although  subjectively  the  dyspnea 
remains  the  more  troublesome  symptom.  But  at  this  stage  the  occur- 
rence of  dyspnea  still  depends  directly  on  some  immediately  preceding 
muscular  exertion,  and  if  the  patient  knows  and  keeps  within  his  limits, 
he  can  guard  against  the  symptom.    But  the  matter  is  altered  as  soon 

*  "Beitrage  zur  Pathologic  des  Asthma  bronchiale,"  "Zeitschrift  fUr  klinische 
Mcdicin,"  Bd.  xx  (1892),  S.  98. 

t  See  "  Diseases  of  the  Bronchi "  in  the  Nothnagel  Series,  p.  101. 
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as  dyspnea  begins  to  occur  without  any  previous  muscular  exertion. 
The  patient  now  suflEers  from  djrspnea — at  first  only  very  little — ^without 
his  being  able  to  assign  any  cause  for  the  symptom. 

Patients  who  are  in  the  habit  of  observing  themselves  closely  without 
having  hypochondriac  tendencies  sometimes  state  that,  when  they  are 
absolutely  at  rest  ph3rsically,  have  not  specially  exerted  themselves 
mentally,and  havenotbeen  annoyed, they experienceasense  of  restlessness 
which  is  immediately  followed  by  a  feeling  of  oppression  on  the  chest. 
Immediately  they  say  they  draw  a  few  deep  or  a  number  of  rapid  inspira- 
tions, or  even  both,  whether  voluntarily  or  involuntarily  they  are  not 
sure.  Usually  the  restlessness  and  apprehension  are  so  pronounced  that 
the  patients  are  unconscious  of  details  and  especially  are  unable  to  say 
whether  they  had  palpitation  or  not.  They  invariably  insist,  however, 
that  deep  breathing  is  followed  by  relief.  These  attacks  may  become 
more  frequent  without  increasing  in  severity,  or  a  few  severe  attacks 
of  the  most  violent  dyspnea — cardiac  asthma — may  suddenly  intervene. 
Judging  from  my  experience  I  believe  that  such  an  attack  is  always  pre- 
ceded by  some  injury  to  the  heart — not  so  much  a  general  muscular 
exertion  as  exhaustion  of  the  brain  from  emotional  overexcitement  or 
some  bodily  anomaly.  Sluggishness  of  the  stomach,  or  perhaps  even 
more* of  the  intestine  (constipation),  very  frequently  precedes  an  out- 
break. . 

f     The  attack,  as  practically  all  observers  agree,  usually  occurs  at  night, 
ffihortly  after  the  patient  has  gone  to  sleep  or  in  the  midst  of  deep  sleep. 
JHe  suddenly  starts  up  gasping  for  breath;  sits  up  in  bed  and  holds  on 
{convulsively  with  both  hands  so  as  to  get  the  full  benefit  of  the  muscles 
I  of  the  shoulder-girdle  in  dilating  the  upper  portion  of  the  thorax;   he 
I  may  even  leave  his  bed  and  hasten  to  the  window.    He  usually  objects 
J  to  staying  in  bed  and  prefers  to  sit  on  a  chair  because  he  can  hold  on  to 
I  the  arms.    The  skin  is  soon  covered  with  a  light  perspiration  and  becomes 
I  slightly  cyanotic.    The  respirations  are  frequent,  prolonged,  and  accom- 
panied by  a  fine  vesicular  wheezing,  which  can  be  heard  at  some  distance — 
"the  whole  chest  seethes,"  the  attendants  are  apt  to  say.    After  a  time, 
not  at  the  very  beginning  of  the  attack,  a  most  distressing  cough  sets  in,, 
and  a  few  small  masses  of  tenacious,  yellowish  mucus  are  expectorated. 
The  pulse  frequency  is  increased  from  the  beginning;  the  pulse  is  usually 
small  and  not  always  irregular.    This  clinical  picture  may  persist  un- 
changed for  several  hours  and  then  gradually  subside;  or  the  wheezing 
increases  and  expectoration  becomes  more  copious  and  watery,  with  a 
plentiful  admixture  of  froth  of  a  somewhat  reddish  color.    Any  altera- 
tion of  the  respiratory  rhythm  up  to  the  fully  developed  Cheyne-Stokes 
type  may  be  oteerved.    The  heart  begins  to  fail ;  the  contractions  become 
irregular  and  no  longer  fill  the  arteries;  cyanosis  or,  what  is  worse,  pallor 
of  the  skin  develops;  the  patient  becomes  unconscious  and  dies.    There 
are  so  many  intermediate  forms  that  it  is  impossible  to  make  any  more 
definite  grouping  of  symptoms.    Two  points  should  be  emphasized: 
The  milder  attacks  not  infrequently  recur;   and  the  attack  is  always 
li  followed  by  a  feeling  of  weakness. 
^      The  special  characteristics  of  cardiac  asthma  are: 

(a)  The  dyspnea, — ^in  the  beginning  at  least, — is  not  chiefly  expira- 
tory, as  in  the  case  of  bronchial  asthma.  The  marked  pulmonary  dis- 
tention which  belongs  to  bronchial  asthma  is  not  present,  or  observed 
only  after  the  attack  has  lasted  some  time.    But  too  much  dependence 
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should  not  be  placed  on  these  signs,  and  great  caution  is  necessary  in 
diagnosis,  particularly  when  the  ph3rsician  has  not  had  an  opportunity 
of  observing  the  attack  from  the  beginning.  I  agree  with  A.  Fraenkel* 
that  spasm  of  the  bronchi  may  be  associated  with  cardiac  asthma,  and 
that  when  catarrh  of  the  final  bronchi  has  been  present  from  the  beginning, 
the  possibility  of  such  an  association  is  still  greater.  As  shown  by  the 
above  case  by  v.  Noorden,  the  heart-cells,  often  contained  in  the  tenacious 
substance  that  is  expectorated  at  the  beginning  of  the  attack,  may  occur 
in  bronchial  asthma  without  any  changes  in  the  heart  or  lungs.  But, 
on  the  other  hand,  these  cells  may  be  absent  in  a  case  of  genuine  cardiac 
^thma. 

(6)  The  "seething"  noise  which  accompanies  the  respiration  and  im- 
presses the  layman  so  forcibly  is  due  to  medium-sized,  small,  and  very 
small  r&les,  which  extend  over  the  entire  surface  of  the  thorax.  It  is 
stated  by  some  authorities  to  be  most  marked  at  the  base  posteriorly; 
this  is  often,  but  not  always,  the  case.  The  riles  are  produced  by  a 
watery  and  very  movable  mass  which  moves  up  and  down  in  the  bronchi 
as  the  thorax  expands  and  contracts.  Usually  the  fluid  has  escaped 
from  the  blood  and  is  thereby  characterized  as  edematous  fluid.  This 
is  unquestionably  true  of  the  large  quantities  of  frothy  material  with 
very  little  blood  which  are  expectorated ;  but  it  is  improbable  that  the  fine, 
vesicular  r&les  which  are  not  associated  with  any  notable  amount  of 
jsputum  owe  their  origin  to  the  same  cause. 

In  bronchial  asthma  fine  vesicular  r&les  may  be  heard  at  the  end  of 
an  attack,  but  not  at  the  beginning.  This  point  may  be  of  diagnostic 
importance. 

(c)  That  the  force  of  the  cardiac  contractions  is  diminished  during 
the  attack  is  absolutely  certain.  The  signs  by  which  this  diminution 
manifests  itself  will  depend  on  the  previous  and  actual  conditions  of  the 
diseased  heart.  When  the  heart  muscle  is  hypertrophied,  the  signs  are 
not  the  same  as  in  the  presence  of  dilatation.  In  both  cases  the  work 
of  the  muscle  is  diminished;  but  in  hjrpertrophy  the  pulse  retains  its 
tension  and  apparently,  at  least,  its  strength,  while  the  heart-sounds  are 
not  exactly  weak,  and  there  is  nothing  to  indicate  directly  that  the  strength 
of  the  heart  is  failing.  On  the  other  hand,  in  a  heart  which  before  the 
attack  was  already  impaired,  dilated,  and  the  seat  of  diffuse  degeneration, 
the  pulse  and  the  heart^«ounds  at  once  indicate  loss  of  power.  As  a  rule, 
the  pulse-rate  is  increased  and  becomes  irregular — if  not  at  once,  certainly 
some  time  after  the  beginning  of  the  attack.  If  the  attack  is  protracted, 
gallop  rhythm  rarely  fails  to  develop,  and  the  phenomenon  may  be  present 
from  the  beginning. 

This  symptom,  aside  from  the  fact  that  it  is  in  itself  a  sign  of  cardiac 
weakness  (see  p.  66),  is  especially  important  because,  so  long  as  it  per- 
sists, there  is  danger  of  the  attack  being  repeated.  Hence  it  is  well  to 
be  on  the  lookout  for  gallop  rhythm,  because  the  tendency  to  recurrence 
is  very  great  and  should  be  combated  by  every  means  in  our  power,  not 
only  because  every  attack  still  further  weakens  the  heart  muscle  and 
may  damage  it  permanently,  but  also  because  the  heart  may  suddenly 
give  out  in  the  next  attack  and  the  case  thus  end  fatally. 

Sometimes,  when  the  heart  is  apparently  only  moderately  affected, 
a  rapid  succession  of  cardio-asthmatic  attacks  brings  on  the  symptoms 
of  fully  developed  cardiac  insufficiency,  edema  and  the  like.    It  is,  of 

*  "Asthma,"  in  Eulenburg's  "  Realencyklop&die,''  Bd.  ii,  S.  388, 3.  Auflage. 
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course,  impossible  to  prove  that  these  symptoms  are  caused  by  the  attacks ; 
for  it  is  impossible  to  overcome  the  very  plausible  objection  that  the 
attacks  themselves  represent  the  first  signs  of  cardiac  failure.  The  facts 
observed  in  cases  of  heart  strain,  it  is  true,  give  some  support  to  the  theory  ; 
the  conditions  are  similar  in  the  two  cases. 

(The  older  view  that  atheroma  of  the  arteries  is  always  the  anatomic 
foundation  of  paroxysmal  cardiac  dyspnea  has  now  been  abandoned,  but 
it  must  not  be  forgotten  that  the  tendency  to  cardiac  asthma  is  frequently 
associated  with  atheroma  of  the  arteries.  All  other  cardiac  affections, 
however,  such  as  muscular  disease,  permanent  changes  at  the  orifices 
and  in  the  valves,  particularly  the  aortic  valve, — although  mitral  stenosis 
also  plays  an  important  part  in  the  etiology, — must  also  be  taken  into 
account.  Special  emphasis  should  be  laid  in  this  connection  on  dyspnea 
aused  by,  and  immediately  following,  acute  heart  strain. 

It  must  not  be  forgotten  that  the  various  forms  of  nephritis,  especially  contracted 
kidney,  favor  the  occurrence  of  cardiac  asthma.  Many  a  symptom  belonging  to  the 
general  picture  of  uremia,  and  no  doubt  often  interpreted  as  a  sign  of  autointoxi- 
cation, unquestionably  belongs  to  cardiac  asthma. 

Diabetes  mellitus  is  another  cause  of  cardiac  asthma.  Frerichs  *  distinctly 
emphasized  this  fact;  he  was  heartily  indorsed  by  C.  v.  Noorden,t  and,  with  con- 
siderable reservation,  by  Naunyn.t  Like  v.  Leyden  before  him,  Naunyn  lays  more 
stress  oh  the  arteriosclerosis  which  not  infrequently  accompanies  diabetes  than  on  the 
disease  itself  as  a  direct  causative  factor  [and  thinks  angma  pectoris  or  a  condition 
resembling  it  more  frequent  than  cardiac  asthma  in  diabetes. — Ed.1. 

Finally,  I  may  mention  that  attacks  of  dyspnea  which  must  be  interpreted  as 
cardiac  asthma  very  frequently  occur  in  the  late  stages  of  pulmonary  phthisis.  The 
same  thing  probably  occurs  in  other  wasting  diseases. 

What  is  the  immediate  cause  of  the  attack  and  what  are  the  details 
of  the  morbid  process? 

Many  give  the  answer  which  Fraenkel§  formulates  as  follows:  "There 
is  no  doubt  that  the  attacks  of  cardiac  asthma  have  their  origin  in  the 
heart  and  depend  on  a  loss  of  functional  power  in  the  left  ventricle.  The 
resistance  in  the  vascular  system  continues  to  increase  until  finally  a  dis- 
proportion is  established  between  the  resistance  and  the  amount  of  cardiac 
strength  available  for  overcoming  it.  A  temporary  congestion  develops 
in  the  pulmonary  circulation,  which,  for  reasons  that  are  readily  under- 
stood, leads  to  a  disturbance  of  the  gaseous  interchange  and  thus  becomes 
the  immediate  cause  of  paroxysmal  dyspnea." 

According  to  this  view,  the  work  of  the  left  heart  diminishes,  while 
that  of  the  right  continues  ''the  same  as  before."  It  would  be  more 
correct  to  say,  as  I  may  at  once  remark,  that  the  action  of  the  left  heart 
must  be  diminished  more  than  that  of  the  right.  Then  it  may  happen 
that  the  left  ventricle  fails  to  empty  itself  completely  and  thus  interferes 
with  the  escape  of  the  blood  from  the  left  auricle.  As  a  result  the  left 
auricle  dilates,  and  complete  evacuation  of  the  pulmonary  veins  into  the 
auricle  is  so  impaired  that  the  entire  mass  of  blood  expelled  from  the  right 
ventricle  can  no  longer  enter  the  left  auricle,  and  part  of  it  must,  therefore, 
remain  in  the  pulmonary  vessels.    This  first  causes  dilatation  of  the  pul- 

*  "Ueber  den  Diabetes."  S.  81  ff. 

t  "DieZuckerkrankheit  und  ihre  Behandlung,"  2  Aufl.,  Berlin,  1898,  Hirsch- 
wald,  S.  123  ff. 

t  "Diabetes  mellitus,"  Nothnagel's  "System,"  vol.  vii,  part  vi  (1898),  p.  229 
et  acq.  (German  edition). 

J  "Ueher  die  klinischen  Erscheinungen  der  Arteriosklerose  und  ihre  Behand- 
lung," "Zeitschrift  fUr  klinische  Med.,"  Bd.  iv  (1882),  S.  19. 
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monary  veins,  because  the  flow  into  the  left  auricle,  that  is,  at  the 
periphery,  is  obstructed.  Then  follows  distention  in  the  capillary 
distribution  of  the  pulmonary  artery  caused  by  the  right  ventricle, 
that  is,  centrally,  because  the  contractions  of  the  right  ventricle  are 
strong  enough  to  drive  the  blood  with  sufficient  force  into  the  pulmonary 
artery. 

It  follows  necessarily  from  these  premises  that,  after  a  certain  time, 
the  amplitude  of  contraction  of  the  right  heart  diminishes,  because  the 
left,  being  more  and  more  dilated,  drives  its  contents  into  the  aorta  with 
constantly  diminishing  force;  hence  the  difference  in  pressure  between 
the  aortic  valves  and  the  right  auricle  is  diminished,  the  systemic  veins 
become  fuller,  and  the  velocity  of  their  current  diminished.  This  ex- 
planation fails  to  take  account  of  the  connection  between  the  pulmonary 
and  the  bronchial  arteries.  I  refer  to  what  I  have  already  said  in  this 
respect  and  confine  myself  here  to  the  prevailing  views. 

It  is  generally  admitted  that  acute  heart  strain  may  easily  lead  to 
the  development  of  true  cardiac  asthma.  It  seems  to  me  that  we  ought 
to  investigate  whether  the  phenomena  observed  under  these  circumstances 
offer  any  support  to  the  theory  which  I  have  just  developed.  AUbutt, 
in  his  description  (see  p.  40)  of  what  he  observed  in  himself  when  he  over- 
exerted himself  climbing  a  mountain,  states  that  he  was  quite  suddenly 
seized  by  a  peculiar  "need  to  breathe y"  which  was  accompanied  by  a  most 
unpleasant  feeling  of  distention  and  pulsation  in  the  epigastrium.  He 
could  feel  a  forcible  heart^beat  diffused  over  the  entire  epigastrium,  and  on 
percussing  at  once  he  found  that  the  right  ventricle  was  very  much  dilated. 
This  dilatation  persisted  only  a  short  time,  nor  did  it  reappear  during  the 
slight  attack  which  he  had  the  following  night.  Fraentzel's  examination 
(see  p.  41),  it  is  true,  was  not  made  until  some  time  in  the  coiu'se  of  the 
second  day,  counting  from  the  time  when  his  patient  had  done  such  great 
injury  to  his  heart  by  a  single  foolish  overexertion.  But,  as  the  patient's 
dyspnea  was  still  at  its  height  and  was  accompanied  by  pronounced  pul- 
monary edema,  we  are  justified  in  basing  an  opinion  on  the  heart  findings, 
which  were  as  follows: 

"Apex-beat  not  visible,  but  occasionally  palpable  in  the  fifth  intercostal  space 
in  the  nipple-line.  Heart  dulness  begins  at  the  left  border  of  the  sternum,  at  the 
upper  border  of  the  fourth  rib,  and  merges  below  with  the  liver  dulness;  to  the  left 
it  extends  2.5  cm.  beyond  the  nipple-line,  and  to  the  right  2  cm.  beyond  the  right 
border  of  the  sternum.  The  heart-sounds  are  replaced  almost  constantly  by  a 
feeble,  hollow  systolic  sound,  which  appears  to  be  a  murmur.'' 

The  above  note  was  made  on  the  fourteenth  of  October.  On  the  sixteenth  we 
find  the  following: 

"Apex-beat  m  the  fifth  intercostal  space,  a  little  outside  of  the  nipple  hne,  and 
distinctly  palpable  within  the  line.  Heart  dulness  begins  on  the  left  of  the  sternum 
at  the  upper  border  of  the  fourth  rib,  and,  considering  the  typical  barrel  shape  of  the 
thorax,  is  unusually  well  marked;  it  extends  to  the  left  1.5  cm.  beyond  the  left  nipple- 
line,  and  to  the  right  as  far  as  the  right  border  of  the  sternum.  The  lower  border 
cannot  be  determined  with  certainty. 

"  At  the  apex  a  blowing,  systolic  murmur  is  heard  and,  in  addition,  usually  a  very 
feeble  diastolic  sound;  at  the  other  valve  areas  two  hollow  sounds  are  heard,  in 
regard  to  the  purity  of  which  it  is  impossible  to  give  a  definite  opinion." 

By  the  eighteenth  the  heart  dulness  had  diminished  even  more:  to  the  left  it 
extended  as  far  as  the  nipple-line;  to  the  right,  as  far  as  the  right  border  of  the  ster- 
num. The  apex-beat  at  this  time  was  in  the  fifth  intercostal  space  and  in  the  mam- 
millary  line.  Svstolic  murmur  feeble,  but  pure  diastolic  souna  at  the  apex;  every- 
where else  two  feeble,  pure  sounds. 

Finally,  on  the  thirtieth  of  October,  the  murmur  had  disappeared  and  the  heart- 
sounds  were  hollow  and  pure. 
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These  findings  will  be  interpreted  by  any  unprejudiced  observer  as 
indicating  dilatation  of  the  entire  heart,  both  of  the  right  and  of  the  left 
ventricle.  Fraentzel  himself  interprets  them  in  this  manner,  and  it  is 
the  more  astonishing  that  he  should  say:* 

"Owing  to  the  disproportion  between  the  amount  of  w^ork  performed 
by  the  left,  very  much  weakened  ventricle  and  that  of  the  right,  the 
strength  of  which  was  unimpaired,  acute  pulmonary  edema  had  de- 
veloped." 

No  proof  is  offered  for  the  assertion  that  the  strength  of  the  right  ven- 
tricle was  unimpaired;  the  findings  rather  point  to  the  opposite.  For 
aside  from  the  considerable  enlargement  to  the  right,  the  soimds  heard 
over  the  right  heart  were  so  feeble  from  the  beginning  that  the  ventricle 
cannot  possibly  be  said  to  have  been  vigorous.  Let  us  take  another  case, 
described  by  Fraentzel  as  one  of  "chronic  heart  strain. "f  I  shall  only 
quote  the  essential  points  from  the  report  of  the  case,  which  is  very  com- 
plete. 

A  laborer,  fifty-eight  years  old,  of  strong  build.  Has  never  been  ill,  but  worked 
unusually  hard  during  the  four  days  preceding  his  present  illness,  as  a  hod-carrier, 
carrying  bricks  at  the  erection  of  a  house.  The  first  symptoms  were  pains  in  the 
limbs  and  sacrum,  especially  when  stooping.  This  was  followed  by  severe  dyspnea 
and  violent  palpitation,  which  increased  on  movement.  Two  weeks  after  the  begin- 
ning of  his  illness  he  applied  for  admittance  at  the  Charity.  Signs  of  marked  car- 
diac weakness:  very  irregular  pulse,  cyanosis,  effusion  into  the  peritoneal  cavity, 
and  slight  edema  of  the  feet  were  found.  In  addition  there  was  severe  dyspnea  and 
frequent  cough,  without  expectoration.  Examination  revealed  no  foci  in  the  some- 
what emphysematous  lunes,  but  bronchial  catarrh.  The  size  of  the  heart  could  not 
be  determined;  the  sounds  were  pure  and  weak.  At  first  some  of  the  symptoms, 
the  pain  and  the  edema  improved;  soon,  however,  there  was  a  marked  change  for 
the  worse,  cardiac  as  well  as  respiratory  insufficiency  becoming  more  and  more 
marked.  These  sjjnnptoms  steadily  increased  and  the  patient  died  three  weeks  after 
admission.    Erysipelas  developed  just  before  the  end. 

The  autopsy  showed  no  chronic  changes  in  the  heart,  but  both  ventricles  were 
greatly  dilated.  ''The  coronary  arteries  exhibit  a  few  slight  and  quite  circumscribed 
thickenings,  but  no  other  changes/'  Bronchitis,  pulmonarv  edema.  It  should  also 
be  mentioned  that  the  right  ventricle  contained  more  blooa  than  the  left. 

Hence  in  this  case  also,  in  which  the  signs  of  cardiac  dyspnea  had 
been  very  prominent  in  the  clinical  picture,  dilatation  of  the  entire  heart 
was  found.  I  am  not  inclined  to  attach  very  much  importance  to  All- 
butt's  observation,  but  it  is,  nevertheless,  noteworthy  that  he  foimd 
dilatation  of  the  right  heart  only. 

That  hard  physical  work  produces  dilatation  of  the  right  as  well  as  of 
the  left  heart  is  readily  proved  by  experiment.  Th.  SchottJ  let  strong, 
healthy  men  wrestle  until  dyspnea  developed.  He  found  that  the  heart 
dulness  was  enlarged  to  the  right,  as  well  as  to  the  left.  I  had  an  oppor- 
tunity to  convince  myself  of  this  fact  at  the  time,  for  Schott  was  kind 
enough  to  allow  me  to  examine  his  wrestlers. 

From  all  this  we  must  conclude  that  under  simple  conditions  such  as 
obtain  in  cases  of  heart  strain,  there  is  no  proof  that  the  accompanying 
dyspnea  is  due  to  exhaustion  of  the  left  ventricle,  and  that  the  right  goes 
on  contracting  as  vigorously  as  before. 

The  results  of  well-known  experiments  by  Welch  and  Cohnheim  to  determine 
the  mode  of  production  of  pulmonary  edema  have,  it  seems   to  me,  been  some- 

*  Loc.  cU.,  p.  120.  1[Loc.  cit.,  p.  136. 

t  "Zur  acuten  Ueberanstrengung  des  Herzens  und  deren  Behandlung,"  "Ver- 
handlungen  des  Congresses  fOr  innere  Medicin/'  Bd.  ix  (1890),  S.  448. 
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what  too  freely  applied  to  pathologic  conditions.  I  do  not  mean  to  deny  that  this 
form  of  origin  of  congestion  of  the  pulmonary  capillaries  may  occur.  When  the  left 
ventricle,  owing  to  special  causes,  has  been  st^dil^  subjected  to  a  severe  strain, 
and  when,  after  it  hsus  reached  the  limit  of  its  functional  capacity,  it  is  from  some 
cause  or  other  compelled  momentarily  to  do  more  work  than  it  is  capable  of,  while 
the  right  ventricle  has  not  during  the  same  time  had  any  excessive  amount  of  work 
to  penorm,  the  explanation  is  no  doubt  correct.  It  is  not  without  significance  that 
formeriy  conditions  associated  with  general  atheroma  of  the  arteries  and  changes  in 
the  aortic  valves  were  most  prominent  in  the  explanations  that  were  offered,  and  in 
these  conditions  the  left  ventricle  is  much  more  profoundly  involved  than  the  right. 
Not  until  later  was  it  seen  that  the  same  thing  may  occur  in  other  diseases  of  the 
hesui;,  especially  myocardial,  and  then  there  was  a  great  tendency  to  generalize. 
Cohnheim  *  himself,  it  is  true,  distinctly  states  that  the  functional  power  of  the 
ri|;ht  heart  is  not  necessarily  completely  preserved,  nor  the  strength  of  the  left  ven- 
tricle diminished  to  the  minimum  which  just  suffices  for  the  maintenance  of  life; 
he  merely  requires  a  relative  preponderance  of  the  strength  of  the  right  heart. 

In  this  sense  the  explanation  may  be  accepted  as  correct.  But  it 
does  not  satisfy  me,  and  I  am  inclined  to  invoke  other  factors, — ^processes 
in  the  nervous  central  organs. 

The  sudden  severe  dyspnea  which  characterizes  the  onset  of  the  attack 
is  produced  directly  by  stimulation  of  the  respiratory  center.  But  how 
is  this  stimulation  effected? 

A.  Fraenkel  believes  that  the  stimuli  are  peripheral  and  that  they 
originate  in  the  lungs: 

''In  a  typical  asthmatic  attack  the  strength  of  the  already  weakened 
ventricle  suddenly  gives  way,  and  thus  at  once  a  high  grade  of  congestion 
develops  in  the  lesser  circulation."t 

He  goes  on  to  say:  "The  manner  in  which  the  congestion  which  un- 
questionably exists  produces  the  dyspnea  is  still  tW  subject  of  much 
discussion." 

He  then  reviews  the  possibilities  in  detail.  I  shall  return  to  this 
presently. 

On  the  other  hand,  I  wish  to  mention,  in  support  of  the  view  that  the 
attack  is  due  to  central  irritation,  the  following  argument: 

1.  In  persons  suffering  from  cardiac  weakness  the  irritability  of  the 
respiratory  center  is  permanently  increased. 

This  is  shown  by  the  fact  that  a  degree  of  muscular  exertion  which 
produces  much  less  carbon  dioxid  than  is  required  to  increase  the  irrita- 
bility of  the  respiratory  center  in  a  healthy  individual,  suffices  to  bring 
on  dyspnea  in  a  heart  patient,  the  degree  of  dyspnea  being  in  proportion 
to  the  weakness  of  the  heart. 

2.  Stimulation  of  the  respiratory  center  occurs  whenever  the  com- 
position of  the  blood  is  altered,  that  is,  whenever  it  becomes  richer  in  carbon 
dioxid.  The  alteration  may  be  due  to  slowing  of  the  blood  current  at 
the  respiratory  center  itself.  What  degree  of  retardation  is  necessary 
it  is  impossible  to  say,  because  it  depends  altogether  on  the  irritability 
of  the  center  at  the  time. 

3.  Attacks  of  cardiac  dyspnea  occur  in  conditions  in  which  there  is 
no  doubt,  or  at  least  in  which  it  may  be  assumed  with  great  probability, 
that  the  brain  is  being  insuflSciently  supplied  with  blood  of  normal  com- 
position. Acute  heart  strain  is  accompanied  by  diminution  of  functional 
power,  which  must,  of  course,  be  followed  by  a  diminution  of  the  amount 
of  blood  flowing  through  the  brain.    In  addition,  the  severe  muscular 

*  Ck)mpare  "  Vorlesungen  tiber  allgemeine  Pathologic,"  Bd.  i,  2  ed.,  S.  505,  506. 
t  Eulenberg's  "  Realencyklopadie,^'  loc.  cit,,  387. 
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work  which  was  the  original  cause  of  the  heart  failure  induced  a  con- 
siderable increase  of  carbon  dioxid 
in  the  blood.  Besides,  the  dis- 
covery of  Geppert  and  Zuntz* 
that  "substances  produced  dur- 
ing muscular  work  enter  the  blood 
and  directly  irritate  the  respira- 
tory center"  also  has  an  impor- 
tant bearing  on  the  question. 

Along  with  the  retardation  of 
the  flow  of  blood  through  the 
brain  which  accompanies  the  fail- 
ing heart  power  the  increase  of 
carbon  dioxid  shows  its  effects 
not  only  directly  in  the  respira- 
tory center  itself,  but  also  indi- 
rectly in  all  kinds  of  reflex  irrita- 
tions. In  addition  we  have  the 
effect  of  the  above-mentioned 
products  of  muscular  work  on  the 
respiratory  center,  protracted  by 
the  slowing  of  the  circulation. 

What  are  the  conditions  when 
the  attack  occurs  during  sleep? 
During  sleep  the  circulation  in  the 
brain,  and  with  it  the  breathing,  is 
diminished.t  Under  normal  con- 
ditions this  results  in  rest  or,  as 
we  may  say,  diminished  excite- 
ment. The  investigations  of  Mosso 
have  shown  that  even  when  the 
circulatory  and  respiratory  organs 
are  working  normally,  a  slight  ex- 
ternal irritation  suffices  to  in- 
crease the  strength  of  the  breath- 
ing. The  respirations  are  in- 
creased still  more  if  the  sleeper  is 
suddenly  awakened.  The  accom- 
panying figures,  illustrating  trac- 
ings taken  from  Mosso,  afford 
unequivocal  proof  of  the  truth 
of  this  statement.  For  Fig.  21 
(Fig.  27  in  his  own  work)  he  gives 
the  following  explanation: 

Respiratory  movements  during 
sleep.  T,  curve  of  thoracic  respiration ; 
Ad,  curve  of  abdominal  respiration, 

*  "Ueber  die  Regulation  der  Ath- 
mung,"  "Pflager's  Archiv/*  Bd.  xlii 
(1888),  S.  189. 

t  Compare  Mosso:  "Ueber  den 
Kreislauf  aes  Blutes  im  menschlichen 
Gehirn,"  Leipzig,  1881,  Veit  &  Co. 
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taken  simultaneously, 
waken  the  sleeper. 

The  thoracic  curve  is  in- 
verted; that  is,  its  depression 
corresponds  to  expansion  of 
the  thorax  and  its  elevation  to 
collapse.  The  abdominal  curve, 
on  the  other  hand,  represents  a 
direct  image  of  the  excursions 
of  the  abdominal  wall. 

"The  subject  C.  is  sleeping 

profoundly.     At  the  arrow  T 

I  coughed  involuntarily  and 
the  respiratory  rate  suddenly 
changea,  although  the  patient 
had  not  stirred.  On  examining 
the  respiratory  curve  we  note 
that  the  expiratory  movement, 
which  had  already  begun,  is 
interrupted  by  a  short  pause, 
and  that  the  expiratory  curve 
inclines  a  little  more  to  the 
right  thsm  is  the  case  with  the 
preceding  one. 

"This  is  followed  by  an  in- 
spiration which  is  deeper  and 
more  rapid  than  the  previous 
ones;  then  there  is,  as  it  were, 
a  slight  attempt  at  an  expira- 
tory movement,  which  is  again 
followed  by  an  expiration 
stronger  than  the  preceding 
ones.  A  glance  at  the  curves 
suffices  to  convince  one  that 
the  respiratory  movements  of 
the  thorax  and  of  the  abdom- 
inal waUs  were    actually    in- 


The  arrow  indicates  a  noise  which  was  not  sufficient  to 


Regarding  the  subsequent 
course  of  the  observation, 
Mosso  reports: 

"I  continued  to  record 
the  respiratory  movements  for 
about  twenty  seconds  and  then 
called  C.  bv  his  name  (indi- 
cated in  Fig.  22  by  the  ar- 
row T  ).    There  was  a  sudden 

pause,  which  was  soon  followed 
by  deepening  of  the  respiratory 
movements.  A  few  seconds 
after  the  last  respirations  of 
Fig.  22  had  been  recorded  C. 
opened  his  eyes.  I  asked  him 
whether  he  had  heard  me 
cough;  he  said  he  knew  noth- 
ing about  it,  that  he  had  slept 
without  dreaming." 

Mosso*^  sums  up  the  proc- 
esses as  follows:  "After  the 
exertions  of  the  day  man  seeks 
out  a  resting-place  and  ^oes  to 
sleep.     .  The  respiratory 

rate    changes,  and   while    the 

*Loe.  cU,,  p.  103. 
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breathing  in  the  waking  state  is  chiefly  diaphragmatic,  it  becomes  during  sleep 
almost  ezdusivelv  thoracic  in  type.  Tiie  relaxation  of  the  diaphragm  may  be  so 
complete  that  the  muscle  appears  to  be  absolutely  inactive.  The  combustion 
processes  in  the  or^nism  are  reduced  to  such  a  point  that  instead  of  seven  liters  of 
air  per  minute,  which  enter  the  body  in  the  waking  state,  onlv  one  liter  is  ts^en  up. 
The  strength  and  frequencry^  of  the  heart  beat  is  also  diminished;  the  vessels  dilate; 
the  blood  pressure  diminishes;  and  the  temperature  falls  considerably.'' 

When  a  heart  patient  from  any  cause  is  suddenly  awakened  from 
sleep,  his  breathing  at  once  becomes  stronger.  But  as  his  respira- 
tory center  is  more  irritable,  the  impulse  extends  more  widely  in  every 
direction,  and  more  muscles — perhaps  all  the  muscles  that  are  available 
for  respiration — ^are  called  into  action.  The  feeling  of  anxiety  which 
comes  over  the  patient  causes  him  to  assume  the  erect  posture.  He  may 
•even  jump  out  of  bed  and  hurry  to  the  window.  All  these  phenomena 
are  associated  with  a  sudden  increase  in  the  quantity  of  oxygen  consumed, 
which  is  proportionate  to  the  degree  of  muscular  activity,  and  with  an 
increase  in  the  formation  of  carbon  dioxid.  The  act  of  waking  is  also 
associated  with  an  increased  demand  on  the  heart.  The  muscular  ex- 
ertion indulged  in  by  the  patient  under  these  circumstances  is  in  itself 
enough  to  throw  a  considerable  strain  on  the  heart.  In  addition  to  this 
there  may  be  an  important  change  in  the  regulating  centers  of  the  vessels 
(vasomotor  centers)  due  to  the  lessening  of  the  cerebral  circulation 
during  sleep;  for  these  centers  always  require  some  time  to  adapt  them- 
selves to  the  altered  condition  brought  about  by  the  act  of  waking.  I 
need  only  recall  what  has  so  frequently  been  described  and  observed  in 
their  own  persons  by  those  who  are  in  the  habit  of  observing  themselves. 
I  refer  to  the  unpleasant  sensations  of  oppression  and  palpitation  brought 
on  even  when  the  heart  is  perfectly  healthy  by  suddenly  waking  from 
sleep  and  starting  up  and  jumping  to  one's  feet.  That  this  may  lead  to 
;S3mcopal  attacks — that  is  to  say,  general  cerebral  anemia — ^is  sufficiently 
well  known.  It  seems  to  me  that  these  facts  suffice  to  explain  why  cardiac 
dyspnea  going  on  to  cardiac  asthma  is  apt  to  occur  in  heart  patients 
ivhenever  they  are  disturbed  during  sleep. 

Finally,  we  may  inquire  how  the  stimulation  of  the  respiratory  center, 
ivhich  at  first  is  perhaps  very  slight,  originates.  For  external  stimuli 
the  answer  to  this  question  has  already  been  given  in  the  above-mentioned 
observations  of  Mosso.  In  addition  to  these,  however,  the  inner  processes 
in  the  brain  which  are  excited  by  some  insignificant  change  in  the  stimu- 
lation of  peripheral  nerve-endings  and  are  reflected  in  the  patient's 
dreams*  must  also  be  reckoned  with.  I  refer  to  the  condition  Imown  as 
nightmare,  in  which  the  sense  of  dyspnea  is  so  pronounced. 

Another  mode  of  origin  of  cardiac  dyspnea,  the  variety  which  is  brought 
on  by  overloading  the  gastro-intestinal  tract,  is  no  doubt  susceptible 
of  a  similar  interpretation.  The  diaphragm,  being  relaxed  during  sleep, 
is  forced  upward  by  the  increased  intra-abdominal  pressure.  The  lungs, 
as  well  as  the  heart,  and  perhaps  also  the  blood-vessels  within  the  abdom- 
inal cavity,  may  thereby  suffer  certain  disturbances  which  tend  to  increase 
the  stimuli  sent  out  from  the  respiratory  center.  In  this  connection  I 
refer  to  AUbutt's  observation  on  himself,  which  has  been  quoted  else- 
where.   (See  p.  40.) 

In  order  to  avoid  any  possible  misunderstanding,  I  wish  to  emphasize 

*  Compare  in  this  connection  an  interesting  work  by  Alfred  Lehmann,  "Aber- 
glaube  una  2^uberei/'  translation  by  Petersen,  Stuttgart,  1898,  Enke,  p.  397. 
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distinctly  that  I  am  here  discussing  only  the  question  of  how  the  attack 
of  cardiac  dyspnea  is  brought  on.  In  defending  the  theory  of  a  central 
origin  I,  of  course,  leave  out  of  consideration  the  changes  which  later 
develop  in  the  distribution  of  the  pulmonary  capillaries.  Nor  do  I  wish 
to  interfere  with  the  interpretation  .of  the  inhibition  brought  about  by 
mechanic  disturbances  in  the  latter. 

Let  us  turn  our  attention  once  more  to  these  mechanic  disturbances. 
It  is  assumed  that  the  strength  of  the  right  heart  sooner  or  later  begins 
to  fail.  Of  the  individual  links  in  the  chain  of  events  the  following  should 
be  emphasized: 

1.  The  capillaries  in  the  alveoli,  as  well  as  in  the  bronchi,  contain 
more  blood  than  under  normal  conditions. 

As  the  force  with  which  the  blood  is  propelled  from  the  left  side  of 
the  heart  diminishes,  this  engorgement  must  begin  in  the  capillaries  of 
the  pulmonary  system,  because  their  evacuation  is  impeded.  But  failure 
of  the  left  heart  is  always  followed  by  stasis  in  the  S3^temic  veins:  the 
vens  cavffi  may  encounter  so  little  resistance  in  emptying  their  contents 
into  the  right  auricle  that  the  pressure  in  the  vense  cavse  themselves  does 
not  rise  for  some  time.  But  as  soon  as  the  strength  of  the  right  heart 
also  begins  to  diminish,  as  soon  as  the  ventricle  fails  to  empty  its  con- 
tents completely  into  the  pulmonary  artery,  the  pressure  in  the  ven» 
cavse — ^the  superior  in  this  case — must  increase  and  interfere  with  the 
evacuation  of  the  bronchial  veins.  The  congestion  thereupon  spreads 
further  in  the  bronchial  mucous  membrane.  This  causes  an  increase  of 
the  stasis  in  the  alveolar  capillaries  also.  The  free  communications 
existing  between  these  two  S3rstems  permit  the  blood  in  the  capillaries 
belonging  to  the  pulmonary  artery  to  flow  into  those  of  the  bronchial 
artery.  But  as  soon  as  the  pressure  rises  in  the  veins  of  the  greater 
circulation,  the  passage  of  blood  from  one  S3rstem  of  capillaries  to  the 
other  must,  of  course,  be  interfered  with. 

2.  The  congestion  of  the  capillaries  in  the  alveoli  and  in  the  bronchi 
encroaches  on  the  space  for  the  passage  of  the  air. 

In  the  larger  air-passages  there  is  ample  room  and  the  congestion  is 
of  no  consequence.  But  in  the  narrower  bronchial  branches,  in  the 
bronchioles,  and  still  more  in  the  alveoli,  this  may  cause  a  perceptible 
obstruction,  which  increases  as  the  capillaries  become  more  and  more 
engorged  with  blood. 

If  the  circulation  in  these  capillaries  is  delayed  for  a  time,  their  walls 
become  permeable  and  extravasation  of  plasma  and  a  few  red  blood-cells 
soon  takes  place.  If  this  extravasation  takes  place  from  the  capillaries 
situated  in  the  bronchial  mucous  membrane,  it  causes  swelling  and  still 
further  increases  the  obstruction  to  the  entrance  of  the  air.  In  this  way 
a  physical,  as  well  as  clinical,  picture  resembling  that  which  is  seen  in 
capillary  bronchitis  is  produced. 

When  cardiac  insufficiency  has  been  present  for  some  time,  the  nutrition  of  the 
blood-vessels  of  the  lungs  suffers — ^at  least,  so  far  as  the  capillary  portion  is  concerned. 
The  capillaries  become  permeable  earlier  than  is  the  case  under  normal  conditions. 
This  conclusion  is  iustined  by  the  generally  accepted  tenets  of  pathology  and  ex- 
plains why  these  phenomena  appear  earlier  in  heart  patients  than  in  those  whose 
hearts  are  sound. 

3.  The  type  of  the  breathing  adapts  itself  to  the  conditions  created 
by  the  obstruction  in  the  bronchi  and  by  the  stimuli  sent  out  from  the 
center.    Hence,  depending  on  circumstances j  there  may  be  simple  accel- 
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eration  of  the  breathing  with  accentuation  of  inspiration  or  expiration 
or  of  both,  retraction  of  the  lower  lateral  portions  of  the  thorax,  heaving 
in  the  flanks,  and  more  or  less  pronounced  disturbances  of  the  rhythm, 
going  on  to  fully  developed  Cheyne-Stokes  breathing.  The  peculiar 
changes  that  may  take  place  in  the  respiratory  curve  are  shown  in  Fig.  4 
(p.  71).  The  distention  of  the  lungs  corresponds  to  the  dilatation  of  the 
thorax,  provided  the  entrance  of  air  is  not  obstructed.  Aside  from  swell- 
ing of  the  bronchial  mucous  membrane,  the  obstruction  may  be  due  to 
a  serous  effusion  into  the  alveoli  or  edema  of  the  lungs,  which  unques- 
tionably is  a  congestive  phenomenon  due  chiefly  to  the  disturbance  of 
the  capillary  circulation. 

4.  The  attack  of  cardiac  dyspnea  may  also  be  associated  with  a  true 
catarrh, — ^that  is,  inflammation  of  the  bronchial  mucous  membrane, — 
a  condition  which  may  develop  at  various  times. 

Catarrh  may  have  been  present  before  the  attack.  In  that  case  the 
severity  of  the  attack  may  depend  upon  the  extent  of  the  catarrh,  inas- 
much as  the  disturbance  of  gaseous  interchange  due  to  the  interference 
with  the  access  of  air  to  the  respiratory  surface  is  not  without  influence 
on  the  stimulation  of  the  respiratory  center  which  excites  the  attack. 

It  is  also  possible  that  during  and  for  some  time  after  the  attack  the 
organisms  which  produce  inflammation  and  which  enter  with  the  air 
may  find  a  favorable  soil  for  the  development  of  their  activities  in  the 
sense  explained  in  another  place  (p.  107).  In  this  way  we  also  explain 
what  is  by  no  means  a  rare  occurrence,  namely,  that  an  already  existing 
bronchial  catarrh  increases  in  severity  and  extent. 

The  reciprocal  relations  existing  between  respiration  and  circulation 
assert  themselves  as  the  catarrh  develops  and  continues  to  spread.  The 
severe  dyspnea,  which  may  persist  for  some  time  without  exhibiting  any 
distinct  symptoms  of  paroxysmal  exacerbations,  and  which  makes  its 
appearance  in  cases  of  cardiac  weakness  that  go  on  to  a  fatal  termination, 
must  be  attributed  to  this  cause.  For  therapeutic  reasons  it  is  necessary 
not  to  lose  sight  of  the  causal  connection.  For  even  in  cases  in  which 
catarrh  apparently  dominates  the  clinical  picture,  it  is  sometimes  possible 
to  relieve  the  patient  by  subjecting  the  heart  to  proper  treatment.  The 
converse  of  this  may  also  occur,  in  which  case  the  catarrh  must  be  treated. 

I  shall  now  give  a  short  account  of  an  unusually  violent  attack  of  cardiac  asthma 
which  shows  that  the  cardiac  weakness  is  sometimes  overshadowed  by  the  dyspnea 
when  that  symptom  reaches  its  full  development.  It  also  shows  the  possible  effects  of 
catarrh  late  in  the  course  of  the  disease. 

Personal  Observation  8. — Policeman,  twenty-seven  years  old. 

Ten  of  his  fifteen  brothers  and  sisters  are  dead.  There  is  tuberculosis  in  the 
family.  The  autopsy  findings  on  one  of  his  brothers  are  available.  The  patient 
served  with  the  Guards  in  Coblenz  and  Spandau,  but  was  invalided  after  a  short 
time  on  account  of  laryngitis.  This  was  in  1894.  Since  then  he  says  his  health  has 
been  good,  on  the  whole,  except  that  he  occasionally  becomes  very  hoarse.  In  the 
year  1895  he  had  an  attack  of  severe  faintness,  the  after-effects  of  which  did  not 
disappear  until  the  next  day. 

For  the  past  four  weeks  he  has  been  under  dispensary  treatment  at  different 
times  for  bronchial  catarrh.     During  the  past  few  days  he  has  been  perfectly  well. 

Admitted  on  the  seventh  of  December,  1897.  In  the  morning  he  suddenly 
developed  severe  dyspnea  with  some  cough.  The  man,  nevertheless,  remained  on 
duty,  but  in  the  course  of  the  afternoon  the  cough  became  worse  and  the  dyspnea  so 
severe  that  medical  advice  was  sought  toward  evening.  Examination  showea  a  man 
above  the  average  size  and  very  powerful.  Severe  dyspnea;  semierect  posture; 
the  face  pale.  When  interrogated  ne  answers  with  difficulty ;  speech  is  so  laborious 
that  he  has  to  stop  and  rest  after  every  second  or  third  word.     Rectal  temperature 
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36^0.  (97.1°  F.);  respirations  60  in  the  minute,  very  superficial  and  labored;  all 
the  auxiliary  muscles  are  called  into  action  during  respiration,  and  particularly  dur- 
ing expiration. 

Pulse,  74;  the  arteries  dilate  rapidly  and  there  almost  seems  to  be  a  "puUua 
celer"  but  the  arteries  are  soft  and  not  overfilled. 

The  breathing  is  accompanied  by  loud  r&les,  and  a  copious  watery,  frothy  secre- 
tion is  expectorated.  Violent  paroxysms  of  ooughine;  moderate  degree  of  pul- 
monary emphysema  (boundarr  between  the  lui)g  and  the  liver  at  the  eighth  rib 
in  the  nipple-lme,  and  below  tne  spinous  process  of  the  twelfth  vertebra  in  the  line 
of  the  spme).  No  foci  were  found  m  the  lungs,  but  coarse  and  fine  vesicular  and  in 
part  sibilant  and  sonorous  rftles  are  heard  all  over  the  chest. 

Heart:  Upper  border  of  third  rib;  to  the  right  the  limit  cannot  be  made  out, 
nor  is  the  apex-beat  distinctly  palpable.  The  sounds  are  very  indistinct.  The  r&les 
and  the  cou^h  greatly  interfere  with  examination. 

The  patient  had  a  very  restless  night,  although  he  had  received  a  hypodermic 
injection — 5.0  gm.  (1^  dnuins)  of  camphorated  oil  and  0.02  (}  gr.)  of  morphin  hy- 
dit>chlorate. 

Morning  of  the  eighth  of  December:  Cutaneous  emphysema  is  present  on  both 
sides,  from  the  middle  of  the  neck  about  as  far  as  the  second  intercostal  space. 
The  res^Hrations  again  are  60  and  the  pulse  78.  The  position  of  the  diaphra^  is 
lower:  to  the  right,  in  the  nipple-line,  upper  border  of  the  ninth  rib;  posteriorly, 
the  level  of  the  first  lumbar  vertebra.  In  other  respects  the  findings  are  the  same, 
except  that  the  sputum,  which  is  very  copious,  frothy,  and  quite  thin,  contains 
traces  of  blood.    The  apex-beat  is  not  distinct. 

There  is  certainly  no  marked  enlargement  of  the  cardiac  dulness;  the  heart- 
sounds  are  pure. 

The  urine  is  free  from  albumin;  specific  gravity,  1022. 

The  subsequent  course  was  as  follows:  On  the  thirteenth  of  December — the 
seventh  day  from  the  beginning  of  the  attack — the  emphysema  had  disapp«ired. 
But  it  reappeared  on  the  following  day  in  a  milder  form,  and  the  normal  limits  of 
the  lung  were  not  permanently  retained  until  the  eighteenth  of  December,  the 
twelfth  day  of  the  disease. 

The  r&les  slowly  subsided;  on  the  sixteenth  day  of  the  disease  the  auscultatory 
signs  were  such  that  they  could  not  be  regarded  as  abnormal. 

The  cutaneous  emphysema  did  not  continue  to  spread;  the  last  traces  of  it 
could  be  demonstrated  on  the  fourteenth. 

After  the  eighth  day  of  the  disease  the  sputum  began  to  increase  in  consistency 
and  contained  lumps  of  mucus.  Constant  and  progressive  diminution  in  the  quan- 
tity of  sputum  until  the  thirteenth  day  of  the  disease,  after  which  the  expectoration 
was  very  slight.  The  cough  ran  a  similar  course.  Blood  was  seen  for  the  last  time 
on  the  third  and  never  more  than  a  trace.  Curschmann's  spirals  could  not  be  found. 
The  subjective  dyspnea  had  disappeared  on  the  sixteenth  day  of  the  disease,  and 
about  this  time  the  cough  had  also  practically  ceased.  The  respiratory  rate  gradu- 
ally diminished,  with  occasional  variations. 

The  outline  of  the  heart  could  not  be  determined  with  any  accuracy  until  the 
deventh  day  of  the  disease,  when  the  limits  w*ere  found  to  be  as  follows: 

Above,  the  upper  border  of  the  third  rib  in  the  left  sternal  line.  To  the  right, 
the  middle  of  the  sternum.  Apex-beat,  the  nipple-line,  fifth  intercostal  space. 
No  murmurs  were  heard  at  any  time;  nothing  but  feeble  heart-sounds. 

The  pulse-rate  at  the  height  of  the  disease  was  low.  Later  it  varied  without 
any  obvious  cause,  and  once,  on  the  ninth  day  of  the  disease,  reached  its  maximum 
of  96.    On  this  day  there  was  a  slight  elevation  of  temperature.     But  the  deviation 

from  the  normal  which  shows  itself  in  the  quotient  -^ — ^which  ought  to  be  4.5— per- 
sisted for  a  long  time.  As  late  as  the  thirteenth  day  of  the  disease — the  last  of 
which  we  have  any  accurate  figures — the  ratio  was  determined  at  two  different 
times,  |}==2.4  and  f}=2.7.  The  greatest  deviation  occurred  on  the  first  two  days  of 
the  disease,  when  the  quotient  was  respectively  ii=l.2  and  }4=1.3.  The  best  quo- 
tient was  found  on  the  day  when  the  pulse-rate  was  absolutely  the  highest,  f  }=2.9. 
The  quantity  of  urine  could  not  be  determined  at  the  height  of  the  attack — not 
until  the  fourth  day  of  the  disease.  Result:  considerable  diminution;  maximum, 
1000  C.C. ;  positively  determined  minimum,  480  c.c.  Average  of  nine  determinations, 
777  C.C.     Specific  gravity,  above  1020;  maximum,  1025. 

The  temperature  at  the  height  of  the  attack  did  not  attain  the  level  of  what 
may  be  oodled  febrile.  The  figures  obtained  are,  of  course,  not  quite  normal,  being 
a  httle  higher  than  in  health.    True  elevation— 38.4*  C.  (100.8*»  F.)  at  noon— oc- 
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curred  only  on  the  ninth  day  of  the  disease,  the  day  on  which  the  sputum  showed  dis- 
tinct characteristics  of  bronchial  catarrh.  This  may  be  regarded  as  a  febrile  tem- 
perature, but  on  the  following  day  and  during  the  rest  of  the  disease  the  temperature 
continued  normal.  Convalescence  was  quite  protracted.  It  was  not  until  the 
twelfth  of  Januanr,  1898,  that  is,  thirty-eight  days  from  the  beginning  of  his  illness, 
that  the  man,  wno  had  been  discharged  ''cured,"  was  able  to  resume  his  active 
duties. 

I  examined  him  carefully  on  .the  twenty-seventh  of  October,  1898,  and  found 
that  there  had  been  no  disturbances  since  his  discharge.  The  lungs,  which  were 
quite  normal  in  extent,  showed  no  abnormal  signs  whatever.  There  was  no  catarrh 
of  the  laryngeal  mucous  membrane,  but  there  was  slight  paresis  of  the  right  vooed 
cord.  Heart:  Apex-beat  in  the  nfth  intercostal  space  in  the  mammillary  line. 
Above,  upper  border  of  the  foiu-th  rib.  To  the  right,  middle  of  the  sternum.  The 
heart-sounds  were  somewhat  faint;  the  aortic  second  sound  perhaps  a  little  accen- 
tuated. The  sphygmogram  does  not  show  any  marked  peculiarities,  and,  in  fact, 
scarcely  differs  from  the  tracing  taken  during  the  subsidence  of  the  attack. 

The  cause  of  the  heart  failure  which  ushered  in  this  attack  is  not  clear. 
During  the  attack  there  was  dilatation,  which  beyond  a  doubt  only  affected 
the  left  heart  and  was  very  slow  to  subside.  The  dyspnea  completely 
dominated  the  clinical  picture.  The  cough,  which  was  due  to  the  large 
serous  effusion  into  the  lungs  exhibiting  all  the  characteristics  of  a  con- 
gestive edema,  was  so  violent  that  it  caused  laceration  of  the  alveoli  and 
resulted  in  cutaneous  emph3^ema.  This  is  by  no  means  a  conimon 
occurrence  in  a  vigorous  adult. 

It  is  noteworthy  that  the  bronchial  catarrh,  which  occurred  late,  on 
the  eighth  day  of  the  disease, — ^the  first  time  mucus  in  any  appreciable 
quantity  was  contained  in  the  sputum, — does  not  coincide  in  time  with 
a  general  change  for  the  worse  in  the  man's  condition.  The  sUght  ele- 
vation of  temperature  which  occurred  on  the  next  day — in  the  morning, 
38^ C.  (100.4^  F.), at  noon,  38.4^  C.  (100.8^  F.),  and  in  the  evening,  37.9^  C. 
(100.2^  F.) — ^was  accompanied  by  a  marked  increase  in  the  pulse  fre- 
quency; while  the  respiratory  rate,  on  the  other  hand,  was  greatly  di- 
minished. On  the  next  day  everything  had  returned  to  normal,  although 
the  expectoration  of  mucus  continued. 

Without  beine  able  to  adduce  any  positive  proof,  I  am  of  the  opinion  that  this 
patient  is  infecteof  with  tuberculosis.  I  have  several  times  seen  protracted  attacks 
of  cardiac  dyspnea  like  the  present  one  in  tuberculous  patients,  and  once  slight  pul- 
monary edema  at  a  time  when  other  symptoms  of  the  infection,  which  later  developed 
rapidly,  had  not  yet  made  their  appearance. 

The  treatment,  aside  from  the  injection  of  camphorated  oil  on  the  day 
of  admission,  which  I  personally  would  not  have  given,  consisted  solely 
in  the  administration  of  morphin.  Up  to  the  tenth  day  of  the  disease  0.02 
gna.  (J  gr.)  of  the  hydrochlorate  were  given  hypodermically  every  evening, 
and  during  the  day  every  three  hours  a  tablespoonful  of  a  solution  of 
0.06  gm.  to  200  c.c.  (^^^  gr.  to  about  6  ounces — or  about  ^  gr.  of  morphin 
hydrochlorate  to  the  dose).  Heart  stimulants  were  not  needed.  One 
liter  (quart)  of  wine  containing  5  per  cent,  of  alcohol,  distributed  over 
the  twenty-four  hours,  cannot  be  called  a  heart  stimulant  for  one  who  is 
used  to  alcohol. 

There  remains  to  inquire  how  cardiac  dyspnea  is  made  to  disappear. 

To  begin  with  the  simplest  imaginable  case:  If  the  cause  is  heart 
strain  due  to  excessive  muscular  exertion,  mere  bodily  rest  will  cause 
the  symptoms  to  disappear  in  a  comparatively  short  time,  provided  the 
heart  has  not  suffered  any  permanent  injury  from  overdistention.  Bodily 
rest  diminishes  the  formation  of  carbon  dioxid,  which  is  produced  by 
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the  action  of  the  muscles,  as  well  as  of  the  irritating  substances  (Geppert- 
Zuntz),  both  of  which  stimulate  the  respiratory  center.  The  eUmination 
of  these  causes  allows  the  breathing  to  quiet  down ;  less  work  is  required 
from  the  respiratory  muscles;  and  the  irritation  of  the  center,  therefore, 
diminishes  more  and  more.  In  other  words,  the  effects  of  excessive 
muscular  exertion  are  removed  by  voluntary  inhibition,  and  the  way 
in  which  that  is  accomplished  is  obvious. 

Will  this  explanation  apply  to  those  cases  in  which  the  attack  is  brought 
on  not  by  a  general  increase  of  muscular  exertion,  but  by  a  sudden  excess 
of  activity  on  the  part  of  the  respiratory  muscles?  As  has  just  been 
explained,  the  increased  irritability  of  the  respiratory  center  is  the  reason 
why  a  slight  irritant  causes  a  degree  of  activity  on  the  part  of  the  re~ 
spiratory  muscles  greatly  in  excess  of  what  is  necessary — that  is,  for 
effecting  the  gaseous  interchanges  in  the  lungs.  The  heart  is  thus  directly 
forced  to  exert  itself  more  than  it  is  able  to  do  in  its  weakened  condition. 
This  heart  weakness  produces  disturbances  in  the  pulmonary  circulation 
which,  by  interfering  with  the  access  of  air  to  the  respiratory  surface, 
increase  the  demands  on  the  respiratory  muscles  and  thereby  also  on  the 
heart. 

In  this  way  a  vicious  circle  is  established,  and  unless  it  is  broken  up, 
death  is  the  inevitable  result.  That,  however,  is  not  the  invariable  out- 
come. I  should  like  to  suggest  that  possibly  the  improvement  in  the 
favorable  cases  is  brought  about  by  a  gradual  exhaustion  of  the  respira- 
tory muscles,  so  that  they  do  less  work.  If  the  work  of  the  respiratory 
muscles  is  diminished,  the  number  of  central  stimuli  which  they  give  off 
is  likewise  reduced.  A  more  important  result,  however,  is  that  the  heart 
thereby  gains  a  certain  amoimt  of  rest,  which  helps  it  to  recover ;  for  there 
can  be  no  doubt  that  the  strain  on  the  heart  is  relieved  whenever  the  work 
of  the  muscles  generally  is  diminished. 

There  is,  of  course,  no  doubt  whatever  that  the  subsidence  of  the  attack 
is  in  part  brought  about  by  processes  in  the  central  organs.  It  should  be 
borne  in  mind  that  the  irritability  of  the  respiratory  center  itself  is  di- 
minished by  fatigue,  and  that  the  regulatory  centers  for  the  heart  and 
blood-vessels  also  contribute  to  the  final  result. 

There  is  no  doubt  that  an  attack  of  cardiac  asthma  may  be  favorably 
influenced  by  a  reduction  in  the  irritability  of  the  respiratory  center. 
This  is  shown  by  clinical  experience,  which  teaches  us  that  morphin  may 
have  a  most  salutary  effect;  indeed,  under  certain  circumstances  it  may 
cause  the  attack  to  subside  in  a  short  time.  If  that  end  is  to  be  accom- 
plished, the  dose  should  not  be  too  small;  we  know  that  morphin  in  doses 
of  0.02  to  0.03  gm.  (J  to  i  gr.),  administered  h3rpodermically,  can  be  posi- 
tively relied  upon  to  diminish  the  irritability  of  the  respiratory  center, 
and  in  cardiac  asthma  the  dyspnea  also  disappears  after  the  administra- 
tion of  these  doses. 

I  wish  to  point  out  most  emphatically  that  whenever  the  weakness 
of  the  heart  has  produced  congestive  phenomena  in  the  pulmonary  ves- 
sels, it  is  hardly  conceivable  that  the  stasis  will  disappear  so  long  as  the 
heart  continues  to  work  under  the  conditions  which  made  the  stasis 
possible.  For,  if  the  patient  continues  to  use  his  muscles  to  the  same 
extent  as  during  the  time  when  the  congestion  developed,  the  demand 
on  the  heart  will  continue  to  be  the  same.  The  left  ventricle,  relaxation 
of  which  must  be  assumed  in  order  to  explain  the  development  of  stasis, 
•cannot  improve  its  nutrition  if  the  general  condition  continues  to  develop, 
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because  the  blood  which  it  contains  is  under  reduced  pressure  and  a 
smaller  quantity  of  it  is  driven  into  the  aorta,  so  that  the  ventricle  is 
more  likely  to  become  fatigued.  If,  after  fatigue  has  reached  a  certain 
degree,  the  heart  failure  continues  to  increase,  the  effusion  of  fluid  into 
the  lungs  will  increase  at  a  corresponding  rate  and  the  obstruction  of 
the  respiratory  surface  will  become  more  and  more  general. 

It  is,  therefore,  obvious  that  by  strengthening  the  heart  cessation  of 
the  attack  is  brought  about,  and  this  is  true  at  all  times.  It  is  the  most 
direct  means  of  accomplishing  that  end;  but,  unfortunately,  this  is  not 
always  practicable,  and  then  it  becomes  the  physician's  duty  to  make 
it  practicable.  In  some  cases  this  can  be  accomplished  indirectly  by 
diminishing  the  irritability  of  the  respiratory  center  with  morphin;  in 
other  cases  directly  by  strengthening  the  heart.  If  it  is  only  borne 
in  mind  that  by  temporarily  forcing  the  heart  to  greater  activity  its 
nutrition  can  be  improved  by  virtue  of  this  increased  activity,  and  that 
the  efficiency  of  the  heart  is  thereby  prolonged,  the  main  features  of  the 
process  that  must  take  place  in  a  given  case  will  be  clearly  understood. 
This  point  will  be  reverted  to  again  in  connection  with  treatment. 

In  this  explanation  of  cardiac  dvspnea  I  have  attempted,  while  fully  acknowledg- 
ing its  causal  connection  with  the  h^BLrt  itself,  to  do  justice  also  to  the  part  play^ 
in  the  morbid  process  as  a  whole  by  the  respiratory  apparatus. 

Traube  *  had  thrown  out  certain  hints  which  indicate  that  he  held  a  similar 
view.  He  laid  special  stress  on  the  alteration  in  breathing  which  occurs  during 
sleej);  but  in  his  brief  conunent  on  this  phenomenon  he  dia  not  express  a  definite 
opinion  in  regard  to  the  connection  between  the  accumulation  of  carbon  dioxid 
wnich  is  thusl)rought  about  and  the  onset  of  the  attack. 

A.  Fraenkel  t  makes  much  of  the  fact  that  the  swelling  of  the  bronchial  mucous 
membrane,  which  is  a  necessary  result  of  the  venous  hyperemia,  must  ofifer  consider- 
able resistance  to  the  movement  of  the  air  to  and  from  the  respiratory  surface.  He 
insists  on  this,  as  well  as  on  the  possibility  that  an  already  existing  catarrh  may  be 
rendered  worse,  or  a  fresh  catarrh  of  the  bronchi  may  be  set  up. 

In  this  latter  respect  the  views  I  present  in  my  own  explanation  are  practically 
the  same. 

There  remains  to  define  my  attitude  with  regard  to  v.  Basch's  doctrine 
of  pylnumary  rigidity  and  pulmonary  swelling,  which  he  himself  originated 
and  sought  to  demonstrate  by  numerous  investigations  carried  out  by 
himself  and  his  pupils. 

I  shall  give  the  shortest  possible  summary  of  this  doctrine  in  v.  Basch's} 
own  words:  "The  change  of  air  in  the  lungs,  which  chiefly  determines 
the  efficiency  of  the  breathing  and,  therefore,  the  ventilation  of  the  blood, 
is  proportionate  to  the  elasticity  (distensibility)  of  the  lungs,  provided 
the  forces  which  cause  expansion  and  collapse  of  the  lungs  remain  the 
same.  This  distensibility  (elasticity)  of  the  lungs,  so  long  as  the  elasticity 
of  the  pulmonary  alveoli  is  not  altered,  depends  on  the  pressure  and 
amount  of  blood  in  the  capillaries  which  surround  the  alveoli.  When 
these  capillaries  are  distended  and  under  high  pressure,  the  lung  becomes 
less  distensible,  that  is  to  say,  its  expancUng  power  is  impaired;  and, 
conversely,  the  lung  becomes  more  distensible  as  the  pressure  and  dis- 
tention of  the  capillaries  diminish.  The  condition  which  is  produced  in 
the  limgs  by  a  state  of  extreme  tension  of  the  alveolar  capillaries  I  have 
designated  pulmonary  rigidity. 

*  "Gesammelte  Beitrftge,"  Bd.  iii,  S.  209. 
t  "  Realencyklopftdie,"  loc.  cit..  p.  388. 

i  ''Allgememe  Fhysiologie  una  Fathologie  des  Kreislaufes,"  Wien,  1892,  Alfred 
Holder,  S.  60. 
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"Pulmonary  rigidity  acts  as  a  mechanic  obstacle  to  respiration,  on 
the  one  hand,  interfering  with  the  respiratory  expansion  of  the  lungs,  and, 
on  the  other,  by  preventing  expiratory  collapse. 

"But  when  the  alveolar  capillaries  are  distended  and  the  pressure  in 
them  is  increased,  each  individual  alveolus,  and,  therefore,  the  entire 
lung,  becomes  enlarged.  This  enlargement  of  the  lung,  which  I  desig- 
nate ptdrnonary  swelling,  also  impairs  the  respiratory  change  of  air  (venti- 
lation) and,  therefore,  the  efficiency  of  the  breathing.  So  long  as  the 
alveolar  capillaries  are  under  moderate  tension,  the  lung  readily  expands 
and  collapses." 

This  explanation  at  first  sight  appears  to  be  very  plausible  and  is 
well  supported  by  numerous  experiments.  But  in  spite  of  its  apparent 
simplicity  the  theory  has  never  found  general  acceptance. 

Space  will  not  permit  more  than  a  few  general  remarks  on  the  main 
features  of  the  theory. 

It  should  be  stated,  in  the  first  place,  that  the  proposition  on  which 
V.  Basch  based  his  theory,  namely,  that  the  lungs  expand  as  the  blood 
enters  their  tissues,  has  been  established  by  the  author  beyond  a  doubt. 
He  describes  his  experiment  as  follows:* 

"The  lung  and  the  heart  are  removed  together  from  the  thorax  of 
a  dead  animal,  and  the  pulmonary  artery,  as  well  as  the  left  auricle  into 
which  the  pulmonary  veins  empty,  are  fitted  with  cannulas,  and  arrange- 
ments made  for  introducing  fluid  under  pressure  from  the  pulmonary 
arteries  into  the  lung;  the  trachea  is  then  connected  with  a  bellows, 
which  can  be  made  to  work  at  a  uniform  rate.  It  will  be  seen  that,  when 
the  bellows  is  started,  the  lung  will  expand  to  a  certain  definite  point 
at  each  descent  of  the  bellows.  Fluid  is  now  introduced  into  the  pulmon- 
ary vessels.  The  first  effect  observed  will  be  an  enlargement  of  the  lungs, 
and,  if  inflation  is  resumed,  it  will  be  found  that  the  inflation  of  the  lungs 
will  be  much  less  than  before. 

"  By  connecting  the  trachea  with  a  water  manometer  before  the  second 
inflation  and  before  the  injection  of  fluid  it  can  be  proved  that  the  enlarge- 
ment of  the  lungs  after  the  injection  is  not  due  to  any  escape  of  fluid  into 
the  alveoli;  for  the  fluid  in  the  manometer  falls — in  other  words,  the  lung 
aspirates  while  it  is  enlarging,  and  this  aspiration  can  only  be  due  to  an 
enlargement  of  the  space  inclosed  by  the  alveolar  wall." 

That  the  facts  as  described  really  take  place  when  the  experiment 
is  so  ordered  there  can  be  no  doubt.  But  the  questions  suggest  them- 
selves, how  about  the  degree  of  force  used?  How  great  was  the  pressure 
used  in  injecting  the  fluid  into  the  pulmonary  artery?  What  was  the 
pressure  of  the  air  which  was  forced  into  the  lungs  from  the  bellows? 
How  great  were  the  variations  in  the  expansion  of  the  lungs?  I  find  no 
data  on  these  points.  In  a  much  later  reportf  v.  Basch  himself  refers  to 
the  fact  that  no  actual  measurements  were  taken.    He  says: 

"This  experiment  was  followed  by  a  large  series  of  experiments  on 
living  animals  carried  out  by  Dr.  Grossmann,  which  clearly  show  that  the 
pulmonary  swelling  and  the  attending  pulmonary  rigidity  represent  a 
preliminary  stage  of  pulmonary  edema." 

It  seems  to  me  that  this  failure  to  give  the  actual  values  used  in  the 

*"Die  cardiale  Dyspnoe  und  das  cardiale  Asthma/'  "Schnitzler's  klinische 
Zeit-  und  Streitfragen/'  Bd.  i,  Heft  3  und  4,  Wien,  Breitenstein,  1887,  S.  84  ff. 

t  "Die  Lehre  von  der  cardialen  Dyspnoe  und  ihre  historische  Entwicklung/' 
"Wiener  medicinische  Wochenschrift,"  1897,  No.  27,  28,  p.  9  of  the  reprint. 
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experiments  on  which  the  entire  theory  is  based  has  given  rise  to  the 
skepticism  in  regard  to  it,  particularly  as  v.  Basch's  subsequent  writings 
on  the  same  subject  suggest  that  the  filling  of  the  pulmonary  artery 
with  a  solution  of  sodium  chlorid — as  appears  from  the  conmiunication 
first  referred  to — was  effected  under  considerable  pressure.  He  speaks 
of  "an  erection"  of  the  capillaries  and,  in  general,  bases  his  arguments' 
on  artificial  injections.  Then  he  explains  the  difference  between  Bon- 
ders* measurements  of  the  traction  exerted  by  the  bloodless  lung  in  a 
closed  thorax  in  a  cadaver  and  the  measurements  obtained  by  Jakobson 
and  Adamkiewicz  in  living  animals  in  such  a  way  as  to  support  his  own 
theory:  Dodders'  measurements,  he  says,  were  higher  because  of  the 
absence  of  blood. 

Next  we  have  the  experiments  on  the  living  animal,  beginning  with 
Grossmann's*  investigation  on  pulmonary  edema  due  to  muscarin- 
poisoning.  It  may  be  asked  .whether  the  conditions  in  which  the  animals 
were  placed  were  really  such  that  the  results  of  the  experiments  can  be 
applied  to  the  pathologic  processes  which  develop  in  human  subjects 
who  have  suffered  for  some  time  from  cardiac  disturbances.  It  seems 
to  me  that  this  question  has  never  been  decided.  A.  Fraenkelf  has  ex- 
pressed his  doubts,  and  personally  I  must  also  confess  I  do  not  consider 
that  V.  Basch's  doctrine  has  ever  been  positively  proved.  Especially, 
V.  Basch's  contention  that  the  entire  pathologic  process  hinges  on  pul- 
monary swelling  and  pulmonary  rigidity  has  never  been  clearly  established. 
How  far  he  goes  in  his  argument  is  shown  in  the  following  statement: 

"Traube's  volumen  jnUmonum  auctam  is  identical  with  my  pulmonary 
swelling.  The  only  difference  is  that  Traube  makes  a  pulmonary  disease 
out  of  his  volumen  puhnonum  auctum,  whereas  it  is  really  a  cardiac  disease ; 
for  the  swollen  and  enlarged  lung  merely  represents  the  swollen  vascular 
area  between  the  right  and  the  left  heart."! 

So  long  as  the  original  experiment  fails  to  give  any  information  in 
regard  to  the  degree  of  force  used  I  for  one  cannot  bring  myself  to  accept 
the  correctness  of  v.  Basch's  teachings  in  their  entire  extent,  although 
I  am  quite  willing  to  admit  that  they  are  well  worthy  of  careful  attention. 

Even  granting  that  pulmonary  rigidity  and  pulmonary  swelling  play  as  im- 
portant a  part  as  v.  Bascn  oontenas  they  oo,  the  views  here  presented  m  regard  to 
the  origin  of  cardiac  asthma  are,  so  far  as  I  can  see,  in  entire  harmony  with  his 
theory. 

In  conditions  of  protracted  stasis  changes  develop  in  the  lungs  them- 
selves which  are  known  under  the  name  of  brown  induration, 

Ziegler's§  description  and  interpretation  of  the  processes  are  as  fol- 
lows: 

"Frequent  hemorrhages  into  the  lungs,  such  as  are  quite  apt  to  occur 
in  heart  patients  with  congestion  in  the  lesser  circulation,  may  be  followed 
by  a  marked  proliferation  of  connective  tissue  in  the  hemorrhagic  areas 
accompanying  the  absorption  of  the  blood.  The  connective  tissue 
gradually  leads  to  thickening  of  the  interalveolar  septa,  and  here  and 

*  "Zeitschrift  fttr  klinische  Medicin,"  Bd.  xii  (1887),  S.  550. 

t  "Diagnostik  und  allgemeine  Svmptomatologie  der  Lungenkrankheiten," 
Wien  und  Leipzig,  Urban  &  Schwarzenberg,  1890,  S.  185. 

t  "Histonsches  und  Kritisches  zur  Lehre  von  der  Ck)mpensation  der  Herzfehler," 
"Wiener  klinische  Wochenschrift,"  1893,  p.  23  of  the  reprint. 

§  "Lehrbuch  der  speciellen  pathologischen  Anatomic,"  9.  Auflage,  Jena,  1898, 
Fischer,  S.  665. 
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there  even  to  induration  of  the  pulmonary  tissue,  with  obliteration  of 
the  alveoU — resulting  in  a  condition  which,  on  account  of  the  abundance 
of  pigment  in  the  thickened  tissue,  is  aptly  termed  brawn  induration  of 
the  lungs" 

Pulmonary  distention  and  true  emphysema  rarely  fail  to  develop 
in  cardiac  patients  who  have  been  ill  for  some  time.  The  development 
of  these  conditions  is  readily  explained  by  the  frequent  attacks  of  bronchial 
catarrh  and  the  accompanying  cough.  With  the  type  of  cardiac  weakness 
that  develops  as  the  result  of  certain  definite  kinds  of  bodily  labor — the 
carrying  of  a  load  up-hill  or  otherwise  against  the  action  of  gravity — there 
are  also  to  be  considered  the  conditions  under  which  the  work  is  performed 
(see  p.  46).  The  direct  consequence  of  these  conditions  is  pulmonary  dis- 
tention, and  they  accordingly  favor  the  development  of  true  emphysema. 

Hypostatic  Congestion. — Hypostatic  congestion,  which  develops 
when  the  forces  that  drive  the  blood  through  the  lungs  begin  to  fail, 
because  gravity  makes  itself  felt  in  a  definite  direction,  is,  of  course, 
favored  by  the  existence  of  cardiac  weakness.  [Chevalier-Joly  believes 
that  pulmonary  congestion  and  edema  are  frequently  unilateral  in  heart 
disease.  They  may  occupy  either  the  apex  or  base  of  the  right  lung,  and 
are  due  to  the  dilated  right  auricle,  which  presses  on  the  upper  or  lower 
branches  of  the  pulmonary  veins,  according  to  the  anatomic  conditions 
in  the  body.  From  experiments  he  made  he  believes  the  congestion  may 
occur  from  bending  of  the  pulmonary  veins  by  the  distended  auricle. 
The  same  author  noticed  the  pressure  on  the  vena  azygos  major  in  such 
cases,  and  in  one  of  his  patients  there  was  a  right-sided  hydrothorax, 
but  he  did  not  discuss  that  part  of  the  subject. — Ed.]* 

That  it  is  frequently  observed  is  a  well-known  fact  when  the  heart 
begins  to  fail  in  acute  infectious  diseases. 

The  area  of  hypostatic  congestion  presents  various  forms  of  lobular 
pneumonia  in  isolated  or  confluent  foci.  These  pneumonias  are  probably, 
for  the  most  part,  due  to  invasion  of  the  pulmonary  tissue  by  the  patho- 
g^c  micro-organisms  present  in  the  bronchi,  which  find  a  favorable 
medium  in  the  congested  tissues;  for,  owing  to  the  insufficient  supply 
of  effective  blood,  the  resisting  power  of  the  tissue-cells  in  the  h3rpostatic 
portions  of  the  lung  cannot  be  very  great. 

The  question  whether  hematogenous  pneumonias,  particularly  the 
form  produced  by  the  diplococcus  of  A.  Fraenkel,  develop  more  readily 
in  the  presence  of  cardiac  weakness  is  so  complicated  that  I  shall  not 
venture  to  enter  upon  a  full  discussion  of  it  here.  Suffice  it  to  say  that 
pneumonia  constitutes  a  serious  menace  to  heart  patients.  This  is  chiefly 
due  to  the  mechanic  conditions  brought  about  by  the  disease  and  to  the 
increased  demands  made  upon  the  heart  by  the  infection  itself  .f 

In  regard  to  the  hemorrhages  into  the  lungs  which  occur  in  cardiac 
patients  in  the  form  of  hemorrhagic  infarcts,  it  may  be  remarked  that 
they  are  not  always  associated  with  occlusion  of  the  corresponding  portion 
•of  the  pulmonary  artery.  They  may  occur  in  the  typical  wedge-shape 
even  when  the  arterial  branch  which  suppUes  the  corresponding  area 
is  perfectly  unobstructed. 

*  "Contribution  de  PO^em  et  de  la  Congestion  pulm.  dans  les  afifect.  cardiaques," 
"Lyons  Thesis  "  1901. 

t  In  regarci  to  this  Question  the  reader  is  referred  to  what  I  have  said  in  v. 
Ziemssen's  "Handbuch  aer  speciellen  Pathologie  und  Therapie/'  Bd.  v.  A  brief 
sumniary  is  also  contained  in  my  "Lehrbuch.'' 
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In  patients  who  have  suffered  from  cardiac  weakness  for  some  time 
the  pleura  is  rarely  free  from  tissue  changes.  Disseminated  opacities 
and  thickenings  in  these  cases  are  of  no  significance;  but  adhesions 
between  the  two  layers  of  the  pleura  sometimes  occur  and,  depending 
on  their  extent  and  location,  interfere  more  or  less  with  the  expansion  of 
the  lungs  and  thus  become  injurious.  The  development  of  these  adhe- 
sions, which  originate  in  true  inflammation,  probably  has  some  connec- 
tion with  the  bronchial  catarrh.  If  the  latter  is  protracted  and  severe, 
the  micro-organisms  of  inflanmiation  may  find  their  way  from  the  bronchi 
to  the  pleura.  Inflammatory  exudates  produced  in  this  way  are  cer- 
tainly not  common.  They  occur  after  the  development  of  inflanmiatory 
foci  within  the  lungs,  near  or  in  contact  with  the  pleura.  The  formation 
of  infarcts  in  the  lung  may  be  coincident  with  a  genuine  inflanmiatory 
exudate  into  the  pleura  at  the  seat  of  the  disease,  or  the  exudate  may 
be  secondary  to  the  infarct.  On  the  other  hand,  simple  transudation 
not  infrequently  occurs  during  the  time  the  infarct  is  developing.  If 
the  transudate  is  bilateral,  however,  it  has  nothing  whatever  to  do  with 
the  infarct. 

Transudation — hydrops  pleurae — is  quite  common  in  the  severer 
grades  of  cardiac  weakness.  As  a  rule,  but  subject  to  exception,  the 
effusion  is  bilateral;  exceptions  occur  when  the  layers  of  the  pleura  are 
adherent  on  one  side  and  freely  movable  on  the  other,  and  when  the 
attitude  is  such  as  to  cause  gravity  to  act  more  in  one  direction  than  in 
another — these  are  the  conditions  which  are  responsible  for  deviation 
from  the  usual  bilateral  distribution  of  the  exudate. 

[Stengel  and  Steele,  in  several  articles,*  advance  views  at  variance 
with  those  of  the  author,  and  equally  opposed  to  the  views  of  the  French 
school  as  set  forth  in  the  Thesis  of  Fabre.f  Stengel  and  Steele  beUeve 
it  is  not  possible  to  separate  cases  of  hydrothorax  and  pleurisy  as  sharply 
as  some  writers  have,  and  believe  there  is  usually  a  combination  of  both 
in  the  cases  of  pleural  effusion  in  heart  disease.  The  specific  gravity  of 
the  fluid, — 1020  in  many  cases, — the  amount  of  albumin, — IJ  per  cent, 
or  more, — and  the  thickening  of  the  pleura  seen  sometimes  postmortem, 
all  point  to  inflammatory  processes.  In  future  observations  more  atten- 
tion should  be  paid  to  the  minute  differences  of  inflammatory  and  non- 
inflammatory effusions  in  the  pleura  and  the  relative  position  of  the 
fluid  in  cases  of  hydrothorax.  Taking  cases  recognized  clinically  as  those 
of  hydrothorax,  Steele  finds  that  in  heart  disease  the  effusion  is  often 
greater  on  one  side, — the  right  more  frequently, — and  in  a  considerable 
proportion  (^)  of  cases  unilateral.  He  also  finds  that  right-sided  effusions 
occur  with  enlargement  of  the  right  heart,  left-sided  effusions  usually 
with  enlargement  of  the  left  heart.  In  the  former  cases  it  is  probable 
the  enlarged  right  auricle  presses  on  the  root  of  the  right  lung,  and  ob- 
structs the  vena  azygos  major,  as  suggested  by  Baccelli,  0.  Rosenbach, 
and  others.  Stengel  has  shown  how  obstruction  of  this  vein  could  cause 
an  effusion  greater  on  the  right  side.  In  the  case  of  unilateral  left-sided 
effusions  the  relations  are  not  easy  to  explain.  Rosenbach  thinks  the 
enlarged  left  ventricle  presses  on  the  lower  lobe  of  the  left  lung  and  pro- 

*  See  Steele,  J.  D.,  "Pleural  Effusions  in  Heart  Disease/'  "Journal  of  the  Ameri- 
can Medical  Association/'  October  1,  1904,  for  analysis  of  cases  and  important 
references  to  the  literature. 

t  "Contribution  a  T^tude  de  la  Pleur^ie  chez  lea  Cardiaques  et  en  particulier 
de  la  Pleurfeie  droite,"  Paris,  1894. 
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duces  atelectasis,  followed  by  chronic  congestion  in  the  pleura,  with  an 
effusion  partly  inflammatory,  partly  transudate.  The  pleural  effusions 
in  heart  disease  may  precede  external  edema  by  a  considerable  length 
of  time.  They  are  characterized  further  by  chronicity  (one  and  one-half 
to  two  years,  Osier)  and  by  sudden  onset  and  quick  recurrence  after 
removal. 

If  the  effusion  is  large,  expansion  of  the  lungs  is  interfered  with. 
They  are  unable  to  return  to  their  state  of  elastic  equilibrium  and  even 
suffer  compression.  It  is  evident  that  the  compression  of  the  lungs 
and  the  weight  imposed  upon  the  diaphragm  interfere  with  the  breathing. 
Displacement  of  the  heart  and  disturbances  of  the  circulation  in  the  large 
venous  trunks  are  among  the  rarer  complications  of  heart  disease.  Of 
course,  when  the  strength  of  the  heart  has  already  closely  approached  the 
limits  of  what  is  compatible  with  the  continuance  of  the  circulation,  a 
trifle  is  enough  to  arrest  its  contractions  altogether.  It  is  difficult  to 
decide,  however,  whether  the  effusion  itself  is  not  merely  a  sign  that  the 
strength  of  the  heart  is  about  to  be  exhausted.  The  small,  circumscribed 
hemorrhages  in  the  pleural  tissue  which  occur  in  conditions  of  marked 
stasis  call  for  remark  only  because  they  indicate  the  profound  disturbance 
of  the  circulation.  They  probably  never  produce  clinical  symptoms. — 
Ed.] 

5.  Kidneys. — ^We  have  first  to  investigate  the  influence  of  cardiac 
weakness  in  the  kidneys  and  their  functional  activity.  It  is  admitted  that 
a  certain  number  of  causes  of  disease  involve  both  the  heart  and  the 
kidneys;  but  that  is  foreign  to  the  present  discussion. 

There  is  a  certain  definite  alteration  of  the  kidneys  j  which  is  constantly 
found  in  fatal  cases  of  cardiac  insufficiency  that  do  not  run  too  rapid  a 
course.  The  beginning  of  this  process  is  known  as  congestion  of  the  kidneys 
(Stauungsniere),  and  its  most  advanced  stage,  q/anotic  induration.  In 
congestion  the  kidney  is  enlarged,  as  a  whole,  but  especially  in  its  trans- 
verse diameter;  the  capsule  is  tightly  stretched  and  strips  readily.  After 
it  has  been  removed,  the  stellulce  Verheynii  are  seen  through  the  intensely 
hyperemic  surface  of  the  organ,  their  color  a  deeper  red  even  than  the 
kidney  tissue  itself.  On  the  cut  surface  the  cortex  appears  bluish  red; 
the  glomeruU  are  darker  in  color;  the  medullary  substance  is  also  darker 
where  it  joins  the  cortex — that  is,  at  the  base  of  the  pyramids;  as  the 
pelvis  is  approached  the  hjrperemia  diminishes  somewhat.  In  the  renal 
pelvis  dilated  veins  are  visible. 

In  cyanotic  induration  the  above-described  conditions  are  modified 
by  the  proliferation  of  connective  tissue  among  the  uriniferous  tubules. 
If  the  venous  hyperemia  persists  for  some  time,  the  kidney  becomes  small, 
pale,  and  firm;  the  capsule  thicker  and  perhaps  adherent.  The  contrac- 
tion of  the  proliferating  connective  tissue,  may  be  so  great  that  the  term 
congested  and  contracted  kidney  (Stauungsschrumpfniere — Bollinger) 
may  be  justifiable. 

During  the  early  stages  microscopic  examination  does  not  reveal  any 
marked  changes  in  the  tissue:  ''When  the  congestion  has  lasted  but  a 
short  time,  the  renal  vessels  are  imiformly  overfilled  with  blood;  the 
veins  and  capillaries  often  considerably  distended.  The  capsular  space 
of  many  a  glomerulus  and  the  numerous  uriniferous  tubules  contain  some 
fluid,  which  on  boiling  yields  a  granular  precipitate  of  albumin  and  occa- 
sionally also  contains  red  blood-corpuscles.  A  few  of  the  uriniferous 
tubules  also  contain  hyaline,  transparent,  colorless  masses,  so-called 
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urinary  tvbe-castSj  which  owe  their  formation  to  the  escape  of  albuminous 
material  along  with  the  urinary  excretion  from  the  glomeruli  and  its 
subsequent  coagulation  in  the  uriniferous  tubules.  Finally,  some  of  the 
epithelial  cells,  especially  in  Henle's  loops,  contain  brown  and  yellow ^ 
partly  crystalline,  granules  of  pigment  derived  from  the  hemoglobin  of 
the  red  blood-cells  which  have  escaped  and  have  become  dissolve!  within 
the  urinary  tubules.  When  large  masses  of  red  blood-cells  have  escaped 
from  a  glomerulus  immediately  before  the  examination,  the  capsular 
space  or  corresponding  urinary  tubule  is  more  or  less  completely  filled 
with  red  blood-cells  or  the  products  of  their  decomposition.*'* 

Ziegler  describes  the  subsequent  changes  as  follows: 

"When  congestion  has  persisted  for  some  time  and  the  kidney  has 
become  indurated,  the  connective  tissue  of  the  urinary  tubules  appears 
somewhat  enlarged,  the  blood-vessels  are  dilated  and  gaping,  and  the 
capillary  walls  and  the  adventitia  of  the  veins  are  thickened.  Sometimes 
slight  inflammatory  cellular  infiltration  also  occurs. 

Many  of  the  epithelial  cells  of  the  urinary  tubules  undergo  fatty  de- 
generation and,  accordingly,  contain  fat-drops  of  various  sizes,  particu- 
larly the  epithelium  of  the  straight  tubules  in  the  medullary  substance. 
The  glomeruli,  as  a  rule,  show  no  marked  changes;  quite  frequently, 
however,  an  individual  glomerulus  here  and  there  is  found  converted  into 
a  homogeneous  ball,  and  a  corresponding  urinary  tubule  is  contracted, 
collapsed,  and  atrophic." 

The  changes  in  the  architecture  of  the  tissue  are,  therefore,  by  na 
means  inconsiderable;  but  to  what  extent  they  affect  the  pathologic 
condition  as  a  whole  is  difficult  to  determine.  Before  these  changes  can  be 
brought  about,  a  protracted  period  of  heart  weakness  is  necessary,  which 
must  affect  the  functional  activity  of  the  kidneys  even  before  any  ana- 
tomic changes  are  produced. 

How  is  the  function  of  the  kidneys  affected  by  cardiac  weakness? 

The  answer  is:  The  quantity  of  urine  is  diminished;  a  unit  volume 
of  the  excretion  contains  less  water  and  more  solid  bodies  in  solution. 
As  for  qualitative  changes,  so  far  as  we  know,  none,  as  a  rule,  takes  place^ 
except  that  there  may  be  a  small  admixture  of  albumin. 

The  Question  whether  traces  of  albumin  may  not  appear  in  the  urine  of  healthv 
individuals  has  b^  no  means  been  finally  settled  in  the  negative,  hence  the  small 
quantity  of  albumin  found  in  the  urine  from  congested  kidneys  is  not  necessarily  a 
pathologic  sign. 

Of  formed  constituents  we  find  a  few  hyaline  casts,  leukocytes,  and^ 
rarely,  red  blood-corpuscles.  The  presence  of  these  elements  has  no  more 
significance  than  that  of  the  albumin,  which  at  most  amoimts  to  two 
parts  in  a  thousand.  In  view  of  the  absolutely  small  quantity  of  the 
urine  the  loss  represented  by  this  small  trace  of  albumin  is  of  no  signifi- 
cance whatever. 

Bile-pigments  occur  in  the  urine  in  congested  kidney  only  when  there 
is  some  disturbance  in  the  liver.  This  will  be  referred  to  later.  Lactic 
acid  may  occur  when  there  is  severe  d3rspnea. 

From  a  clinical  standpoint  the  reduction  in  the  quantity  of  water 
excreted  through  the  urine  must  be  regarded  as  most  important.  With- 
out going  into  the  theories  in  regard  to  the  formation  of  urine  secretion, 
the  fundamental  fact  remains  that  insufficient  supply  of  arterial  blood 

*  Ziegler,  loc,  cit,,  p.  737. 
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and  insufficient  drainage  of  the  venous  blood  restrict  and  disturb  the 
excretory  capacity  of  the  kidneys,  and  both  these  conditions  are  associ- 
ated with  cardiac  weakness. 

In  a  general  way  it  is  true  that  the  quantity  of  urine  excreted  in  a 
unit  of  time  is  an  index  of  the  amount  of  work  performed  by  the  heart; 
and  if  the  specific  gravity  of  the  urine  is  determined  at  the  same  time, 
the  value  of  this  index  is  enhanced.  It  is,  of  course,  assumed  that  the 
kidneys  are  normal  except  for  the  deficiency  in  the  quantity  of  blood 
passing  through  them. 

For  some  time  it  has  been  m^  practice  to  have  the  daily  quantity  of  urine  meas- 
ured regularly  in  all  cases  requiring  a  careful  supervision  of  the  heart  action.  I 
give  the  patients  cylindric  graduates,  provided  with  a  funnel,  into  which  the  urine 
can  be  poured  inmiediately  after  evacuation  and  the  entire  daily  amount  thus  col- 
lected. Among  the  patients  who  come  to  my  Poliklinik  I  feel  c^uite  certain  that 
this  is  carefully  attended  to.  In  this  way  I  have  collected  a  considerable  (quantity 
of  material,  and  I  think  I  am  justified  in  emphasizing  the  importance  of  this  simple 
method,  which  deserves  to  be  employed  more  frequently  than  it  is. 

The  above  proposition  is  open  to  attack  on  theoretic  grounds.  It 
may  be  objected  that  the  flow  of  blood  to  the  kidneys  may  be  increased 
without  any  change  taking  place  in  the  work  of  the  heart,  namely,  through 
the  influence  of  innervation  on  other  portions  of  the  arterial  system  and 
on  the  renal  artery.  An  increased  quantity  of  blood  may  enter  the  kidney 
through  its  dilated  arteries,  either  under  the  same  or  under  higher  pressure 
than  before,  whenever  the  necessary  changes  have  occurred  in  the  re- 
maining portions  of  the  arterial  system.  This  possibility  is  admitted  and, 
I  am  inclined  to  think,  helps  to  explain  the  rapid  fluctuation  in  the  quan- 
tity and  concentration  of  the  excreted  urine  in  certain  forms  of  cardiac 
weakness,  which  have  been  referred  to  in  another  place.*  But,  on  the 
whole,  this  theoretic  objection,  in  my  opinion,  does  not  detract  from  the 
value  of  the  rule  in  actual  practice. 

If  adequate  excretion  of  water  through  the  kidne}^  is  impossible,  ac- 
cumulation of  water  in  the  body  can  be  avoided  only  when  the  other  organs 
whose  function  it  is  to  excrete  water, — the  skin,  the  lungs,  and,  in  a  lesser 
degree,  the  intestine, — compensate  by  their  activity  for  the  diminished 
function  of  the  kidneys. 

This  compensation,  as  we  know  from  experience,  is  not,  as  a  rule, 
quite  adequate.  Some  water  is  stored  up  in  the  body  and  collects  in  the 
subcutaneous  connective  tissue  and  in  the  large  cavities — in  a  word, 
dropsy  develops.  In  cases  of  cardiac  weakness  the  order  in  which  the 
different  parts  of  the  body  are  involved  is  as  follows:  First,  those  parts 
which  are  farthest  removed  from  the  heart  begin  to  swell  because  the 
kinetic  energy  is  used  up  before  the  blood  current  reaches  them  and  the 
blood  is  more  than  usually  under  the  influence  of  gravity.  Even  before 
the  exudation  of  fluid  begins,  slowing  of  the  blood  current  betra)^  itself 
by  cyanosis  and  coldness  of  the  parts. 

Accordingly,  the  usual  order  of  involvement  is:  the  feet;  the  hands — 
the  dropsy  spreading  always  from  the  periphery  toward  the  center; 
the  external  genitalia,  especially  those  of  the  male;  the  peritoneal  cavity; 
the  thoracic  cavity;  and,  after  that,  or  along  with  the  large  cavities  of 
the  body,  the  subcutaneous  connective  tissue  of  the  trunk.  In  the  more 
severe  grades  of  cardiac  dropsy  the  influence  of  gravity  makes  itself  felt 
more  and  more  forcibly;  the  accumulation  of  serum  tends  to  increase 
*  Observations  4  and  7,  pp.  68  and  74. 
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in  the  most  dependent  portions. of  the  body,  and  this  applies  to  the  two 
pleural  cavities  as  well  as  to  every  other  portion  of  the  body.  The  face  is 
always  less  dropsical  than  the  rest  of  the  body;  marked  swelling  of  the 
face  points  to  some  local  disturbance  in  the  domain  of  the  upper  vena 
cava  and  is,  as  a  rule,  associated  with  a  considerable  and  distinctly  recog- 
nizable accumulation  of  blood  in  the  capillaries  and  veins.  If  the  latter 
sign  is  not  present,  the  kidne3rs  should  receive  attention. 

Dropsy  is  the  terror  of  all  those  who  suffer  from  permanent  cardiac 
weakness — and  not  without  good  reason.  The  difficulty  of  getting  about 
and  the  general  helplessness  associated  with  large  effusions  into  the  sub- 
cutaneous connective  tissue,  not  to  mention  the  distressing  tension  of 
the  skin,  in  themselves  are  sufficiently  intolerable.  But,  in  addition, 
by  the  time  dropsy  has  developed,  the  cardiac  weakness  is  so  extreme 
that  it  suffices  of  itself  to  make  life  a  burden  to  the  sufferer.  The  ascites 
and  effusions  into  the  pleurae  in  turn  interfere  with  the  action  of  the  heart 
and  lungs.  Finally,  if  the  tightly  stretched  epidermis  gives  way  and 
eczema  develops,  excoriation  of  large  areas  of  the  skin  results,  and  the 
patient,  who  is  constantly  struggling  for  air,  welcomes  death  as  a  deliverer 
from  his  sufferings. 

I  do  not  think  that  this  mechanic  effect,  due  to  the  retention  of  water, 
is  the  only  consequence  of  impairment  of  the  renal  function.  It  is  ac- 
companied by  other  disturbances,  which,  it  is  true,  are  not  generally  so 
well  marked  as  necessarily  to  attract  attention.  These  other  disturbances 
may  be  in  the  main  ascribed  to  an  endogenous  toxicosis.  That  this 
toxicosis  may  occur  when  certain  metabolic  products  formed  in  the  body 
are  insufficiently  excreted  by  the  urine  may  be  regarded  as  positively 
proved.  The  interference  with  the  elimination  of  gaseous  respiratory 
excretions  which  occurs  in  heart  patients  is  one,  if  not  the  most  important 
factor.  In  addition  there  are  other  factors,  which  are  illustrated  in  the 
following  history: 

Personal  Observation  9, — Dilatation  and  hypertrophy  of  the  right  heart,  with 
fatty  degeneration  of  the  muscle.  Pleural  adhesions,  particularly  on  the  right 
side.  Anthracosis,  with  moderate  dilatation  (emphysema).  Scattered  foci  of 
cirrhosis  and  bronchiectasis.  Chronic  catarrh  of  the  larger  and  medium  sized  bronchi. 
Profound  cachexia  accompanied  by  cerebral  symptoms.  Protracted  diminution 
of  the  urinary  excretion  amounting  almost  to  anuria. 

The  case  was  under  treatment  for  a  number  of  years.  Duration  of  the  last  ob- 
servation, four  weeks. 

Male,  age  sixty-one,  glazier.  For  about  thirty  jrears  has  suffered  a  good  deal 
from  cough  and  shortness  of  breath,  particularly  dunne  the  winter.  Stat^  that  he 
was  at  one  time  in  the  habit  of  taking  a  good  deal  of  alcohol.  Freauent  attacks  of 
bronchial  catarrh,  the  last  one  during  the  latter  part  of  July  ana  Au^t,  1897. 
when  he  had  a  severe  attack  with  symptoms  of  cardiac  weakness.  This  subsided 
in  a  comparatively  short  time  under  suitable  treatment. 

On  tne  fifteenth  of  October  he  was  readmitted.  For  three  days  previously  he 
had  had  severe  cough  and  expectoration  without  any  external  cause,  and  the  legs 
were  slightly  swollen. 

Examination  on  admission:  Boundaries  of  the  lungs  somewhat  extended, 
reaching  in  the  back  on  both  sides  to  the  twelfth  dorsal  vertebra.  Extensive  bron- 
chial catarrh.  Cardiac  dulness  scarcely  enlarged;  apex-beat  in  the  fifth  intercosti^l 
space  a  little  inside  of  the  nipple-line.  Systolic  sound  over  the  apex  dull.  The 
sounds  everywhere  are  faint,  but  there  are  no  murmurs.  Pathologic  venous  pulsa- 
tion in  the  neck.  Effusion  into  the  peritoneal  cavity,  the  dulness  extending  to 
within  a  hand's  breadth  of  the  umbilicus.  Moderate  edema  of  the  ankles.  Urine 
scanty;  8()ecific  ^ravit^,  1020;  contains  a  small  quantity  of  albumin. 

The  sputum  is  copious,  nummular,  purulent,  with  a  musty  odor  and  free  from 
tubercle  bacilli. 

The  man  is  very  sallow,  poorly  nourished,  with  very  little  fat  and  muscle, 
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althou^  he  is  in  good  circumstances  for  a  man  of  his  calling.  The  appetite  is  very 
much  Sminished  and  he  Cakes  nothine  but  liquid  food. 

The  history  of  the  course  of  the  disease  until  the  tenth  of  November,  when  the 
man  died,  is  as  follows: 

In  general  there  was  no  change  in  the  condition  of  the  lungs;  the  bronchial 
catarrh  remained  about  the  same,  neither  increasing  nor  diminishing;  dropsical 
effusions  appeared  in  the  pleural  cavities,  in  the  right  on  the  eighteenth  of  October, 
and  in  the  left  not  until  shortly  before  death;  but  they  did  not  materially  influence 
the  respiration.  The  average  of  25  counts  showed  a  respiratory  rate  of  32  in  a 
minute:  maximum,  40;    minimum,  27. 

The  action  of  the  heart  was  more  variable.  While  the  outlines  of  the  heaft 
'  dulness  remained  the  same  and  there  was  no  displacement  of  the  apex-beat,  a  systo- 
lic murmur  was  heard  at  times  over  the  apex.  The  following  notable  circulatory 
disturbances  were  present:  extension  of  the  venous  pulse  to  the  facial  and  epigastric 
veins  and,  ultimatelv,  pulsation  of  the  liver.  With  this  were  associated  intense 
cyanosis  and  hemorrnages  from  the  throat  and  nose.  The  radial  pulse  was  at  times 
so  feeble  that  it  was  impossible  to  count  it;  at  other  times  it  showed  a  marked  devia- 
tion from  the  apex-beat.  At  one  time  there  were  only  46  pulsations  at  the  wrist  to 
76  heart-beats.  Irregularity  in  the  rhythm  as  well  as  the  size  of  the  arteries  was 
constant. 

The  heart  action  was,  on  the  whole,  quite  slow  in  relation  to  the  conditions  pres- 
ent. The  number  of  pulse-beats  exceeded  100  only  for  a  short  period;  most  of  the 
time  it  varied  between  80  and  90. 

The  changes  in  the  urinarv  excretion  are  worth  noting.  It  was  greatly  dim- 
inished; the  total  quantity  collected  in  twenty-five  days  was  only  5750  c.c. — or  an 
average  of  230  c.c.  a  day.  A  very  small  quantity,  at  most  half  a  liter  during  the 
entire  period  of  observation  (twenty-five  days),  was  lost.  On  one  of  the  da^rs 
on  which  there  was  no  doubt  that  the  entire  quantity  of  urine  was  collected  it 
amounted  to  only  80  c.c.  The  specific  gravity  was  not  always  taken,  but  was  only 
slightly  increased,  thus  on  one  day,  when  100  c.c.  were  excreted  (nothing  lost), 
the  specific  ^vity  was  1020. 

The  patient's  general  condition  in  the  main  corresponded  with  the  excretion  of 
urine.  The  urinary  curve  gives  one  a  good  idea  of  the  conditions,  which  must  be 
characterized  as  unusual.  It  was  impossible  to  find  a  cause  for  the  marked  fluctua- 
tions. The  pulse  frequently  was  not  high,  except  during  the  last  portion  of  the 
period  of  increased  excretion  (November  1st  to  3d),  when  it  was  105  to  110  to  the 
minute.  At  other  times  it  was  not  possible  to  determine  any  relation  between  the 
action  of  the  heart  and  the  excretion  of  urine.  Digitalis,  strophanthus,  and  diuretin 
were  without  effect. 

Disturbances  of  the  sensorium  occurred  repeatedly  and  toward  the  end  were 
quite  marked.  The  first  occurred  on  the  twentieth  of  October.  The  history  con- 
tains the  following  note:  ''During  the  night  the  patient  is  said  at  times  to  have 
been  confused  andf  flighty  in  his  talk."  On  the  23a  there  was  some  stupor  at  times 
during  the  day.  On  the  29th  ''  the  patient  is  stuporous,  and  occasionally  evacuates 
the  bowels  involuntarily."  A  small  quantity  of  urine  may  have  been  lost  with  the 
alvine  discharges.  This  condition  continued  until  the  third  of  November,  on  which 
day  the  patient  made  a  distinctlv  better  impression;  stupor  was  less  marked  and  at 
times  disappeared.  By  the  fifth,  however,  a  change  for  the  worse  had  again  taken 
place;  on  the  following  day  unconsciousness  developed  and  continued  until  the 
man's  death,  becoming  constantly  deeper.  On  one  aay  also  there  were  a^ain  in- 
'  voluntary  discharges  of  feces  and  urine,  the  latter  only  in  small  quantities — a 
point  to  which  special  attention  was  paid. 

The  dropsical  effusions  were  less  than  the  continued  diminution  of  renal  activity 
would  have  led  one  to  expect.  As  the  patient  lay  on  the  right  side  most  of  the  time, 
the  right  half  of  the  body  was  much  more  edematous  tlmn  the  left.  In  the  left 
pleural  cavity  no  fluid  could  be  detected  until  just  before  the  end,  while  the  right 
contained  an  effusion  as  early  as  the  eighteenth  of  October.  The  ascites  never 
exceeded  a  moderate  amount,  1  liter  (a  quart)  of  fluid  being  found  in  the  cadaver. 
The  body  temperature  was  subnormal. 

The  main  points  of  the  autopsy  by  Professor  v.  Baumgarten  were  as  follows: 
General  emaciation;  skin  thin,  flaccid,  of  a  dirty  grayish  yellow,  and  in  the  face 
somewhat  cyanotic.  Conjunctivae  not  jaundiced.  Marked  anasarca  of  the  right 
leg  and,  to  a  lesser  degree,  of  the  left. 

Marked  atroj^y  of  the  subcutaneous  cellular  tissue,  of  which  only  the  faintest 
traces  remain.    The  muscles  are  pale,  and  lax. 

The  brain  is  somewhat  atropnic  and  slightly  edematous,  but  otherwise  normal. 
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The  pericardium  presents  a  surface  about  the  size  of  the  palm;  the  mediastinal 
fat  is  atrophied. 

The  heart  is  in  its  normal  position  and  moderately  enlarged  to  the  right;  the 
epicardial  sac  contains  80  to  100  c.c.  of  serous  fluid. 

The  right  auricle  contains  a  thrombus  which  completely  obstructs  it;  the  left 
is  free.  The  mitral  valve  readily  admits  two  fingers,  and  the  tricuspid  three.  The 
valvular  apparatus  and  the  large  vessels  are  perfectly  normal.    The  right  ventricle 


Fig.  23. 


is  dilated,  hypertrophic,  somewhat  indurated,  and  presents  marked  striation  and 
fatty  defeneration  of  the  muscle-fibers.  The  right  auricle  is  also  greatly  dilated. 
The  pectinate  muscles  are  hypertrophied;  the  left  ventricle  is  very  flabby. 

The  left  pleural  cavity  contains  about  300  c.c,  and  the  right  about  1000  cc, 
of  a  serous  transudate. 

The  left  lung  is  adherent  to  the  wall  of  the  thorax,  especially  in  the  posterior 
portion;  it  is  hypervoluminous,  feels  downy,  like  an  air  cushion,  and  the  anterior 
borders  are  very  much  rounded;  there  are  no  macroscopic  emphysematous  blebs. 
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The  apex  contains  an  indurated  focus  the  size  of  a  nut,  which,  on  section,  reveals 
itself  as  a  coal-black  nodule  of  connective  tissue  with  a  small  cheesy  deposit  of  long 
standing.  The  pulmonary  parenchyma  everywhere  contains  a  great  deal  of  coal 
pigment.  The  mucous  membrane  of  the  large  bronchi  is  dark  red,  velvetv,  and 
covered  with  a  mucopurulent  secretion.  There  is  no  marked  accumulation  of  secre- 
tion in  the  smallest  bronchi. 

The  right  lung  is  much  more  closely  adherent  than  the  left  and  much  less  volu- 
minous; .the  induration  of  the  apex  is  somewhat  more  marked.  Other  portions  of 
the  lung  also  contain  coal-black  nbrous  nodules;  the  ed^es  are  sharp,  and  the  lower 
lobe  is  the  seat  of  compression-atelectasis.  The  focus  m  the  apex  is  coal-black  in 
color,  and  the  rest  of  the  lung  also  contains  much  more  coal-pigment  than  the  left. 
The  bronchi  contain  much  more  secretion  on  the  left  side;  they  are  dilated,  and  in 
places  exhibit  saccular  enlargements  (bronchiectasis).  In  this  lung  also  there  are 
no  marked  signs  of  catarrh  of  the  finer  bronchi. 

Kidneys:  both  in  a  condition  of  moderate  cyanotic  induration. 

Spleen:  not  enlarged;  hard. 

Liver:  atrophic,  cyanotic  nutmeg  liver. 

Gastro-intestinal  mucous  membrane  deeply  injected  but  without  much  mucus; 
pancreas  normal;  peritoneal  cavity  contains  about  a  liter  of  fluid. 

In  support  of  the  theory  that  in  this  case  the  pathologic  changes  were 
in  part  due  to  a  toxic  substance,  formed  within  the  body  itself  and  not 
properly  excreted  on  account  of  the  impaired  functional  power  of  the 
kidneys,  I  may  call  attention  to  the  following  points: 

1.  The  general  disturbance  of  tissue  nutrition  was  unusually  severe. 
During  the  time  the  patient  was  under  observation  he  received  large 
quantities  of  liquid  nourishment  in  an  easily  digestible  form  (the  various 
infants'  foods)  and  daily  one  liter  (quart)  of  wine.  Absorption  of  the 
food  was  not  impeded  by  catarrh  of  the  gastro-intestinal  mucous  mem- 
brane; there  was  no  diarrhea;  neither  was  there  fever.  In  spite  of  this, 
however,  the  patient  declined  steadily. 

My  personal  impression  was  such  that  I  added  to  the  clinical  diag- 
nosis, *' carcinoma  occuUum/^  followed,  to  be  sure,  by  two  interrogation 
marks,  for  there  were  no  local  signs  whatever.  The  fact  is  aptly  expressed 
in  the  pathologic  diagnosis  as  universal  emaciation. 

2.  The  cerebral  symptoms  practically  kept  pace  with  the  quantity 
of  urine  excreted.  There  was  stupor,  but  no  convulsions.  But  as  the 
daily  quantity  of  urine  diminished,  the  stupor  increased  more  and  more 
until  finally  complete  coma  developed.  But  the  latter  subsided  again 
whenever,  as,  for  example,  on  the  second  and  third  of  November,  the 
quantity  of  urine  increased. 

This  suggests  the  explanation  that  failing  heart  power  caused  anuria, 
and  at  the  same  time  edema  of  the  brain;  but  it  is  to  be  remarked  that 
very  Uttle  edema  of  the  brain  was  found  in  the  cadaver,  although  the 
quantity  of  urine  during  the  last  three  days  of  Ufe  had  gone  down  to  a 
minimum. 

Fluctuations  in  the  elimination  of  carbon  dioxid  might  be  thought 
of,  and  the  cerebral  disturbance  might  be  attributed  to  incomplete 
elimination.  But  that  also  is  improbable,  because  the  rate  of  respiration 
remained  practically  the  same;  the  breathing  itself  did  not  present  any 
disturbances  characteristic  of  a  central  lesion  (Che3me-Stokes  type),  and 
the  autopsy  showed  the  finer  bronchi  free  from  catarrh  and  secretion. 

It  is,  of  course,  impossible  to  adduce  any  positive  proof  that  my  view 
is  correct;  on  the  other  hand,  it  seems  to  me  that  it  is  equally  impossible 
to  refute  it.  Let  it  suffice,  therefore,  to  suggest  the  possibility  of  some 
such  process. 

Traube  and  Bartels  taught  that  marked  uremia  does  not  occur  in  cases 
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of  renal  congestion  (Stauungsniere),  and  this  view,  so  far  as  I  can  see, 
has  been  accepted  by  the,  majority.  In  Husche's  article,  which  will  be 
mentioned  later  and  which  emanated  from  Gerhardt's  clinic,  it  is  stated 
that  a  heart  patient  (observation  4)  suffered  from  uremic  symptoms. 

The  composition  of  the  urine  in  congestion  of  the  kidneys  (Stauungs- 
niere) requires  some  discussion. 

In  harmony  with  the  diminished  excretion  of  water  through  the 
kidneys,  the  specific  gravity  is  usually  increased  because,  as  has  been 
mentioned,  the  reduction  in  the  quantity  of  constituents  in  solution  does 
not  keep  pace  with  the  diminution  of  the  water.  The  specific  gra\dty 
may  be  1035  or  over;  the  smaller  the  quantity  of  urine,  the  higher  the 
specific  gravity. 

There  are,  however,  some  exceptions  to  this  rule.  In  the  case  which  I  have 
just  reported  at  length  I  once  found  the  following  relations: 

Quantity  of  Urink.  Specific  Gravitt. 
380  c.c.  1022 

100  c.c.  1020 

120  c.c.  1020 

In  fatal  cases  particularly  I  have  not  infrequently  seen  a  comparatively  low 
specific  gravity-— as  low  as  1015 — even  when  the  quantity  of  urine  was  considerably 
oiminished.  Bartels  *  has  made  the  same  observation.  How  great  the  fluctuations 
may  be  in  certain  forms  of  cardiac  insufliciency  has  been  mentioned  in  another  place 
(see  p.  70). 

The  urine  is  generally  intensely  acid  in  reaction.  The  color  is  a  red- 
dish brown.  At  first  the  urine  is  clear;  as  it  cools,  a  brick-red  sedi- 
ment forms  (sedimentum  laterUium) ,  which  can  be  redissolved  by  warm- 
ing and  consists  of  amorphous  urates  and  possibly  a  few  crystals  of  uric 
acid. 

The  quantity  of  urates  in  solution  is  usually  relatively  large;  Bartelsf 
found  that  it  exceeded  5  per  cent.  Uric  acid  may  also  attain  a  relatively 
high  figure,  although  this  is  not  always  the  case.  The  mineral  salts  are 
subject  to  great  fluctuations. 

It  is  questionable  whether  the  transition  from  congested  kidney 
(Stauungsniere)  to  congested  and  contracted  kidney  (Stauungsschrumpf- 
niere)  can  be  recognized.  The  latter  requires  for  its  development  a 
long-continued,  severe  cardiac  weakness.  Senator!  has  aptly  remarked 
that  contracted  kidney  can  no  longer  be  diagnosed  after  rupture  of 
compensation  has  taken  place  and  has  led  to  a  marked  condition  of 
stasis. 

Renal  infarcts  produced  by  the  entrance  into  the  renal  arteries  of 
blood-clots  derived  from  the  left  ventricle  are  to  be  regarded  as  direct 
consequences  of  severe  cardiac  weakness.  The  emboli  do  not  often  give 
rise  to  clinical  symptoms  because  the  obliterated  area  in  the  kidney  is 
generally  quite  small.  Hence  it  will  rarely  be  possible  to  recognize  the 
accident  during  life  unless  very  careful  microscopic  examinations  of  the 
urine  are  made  every  day.  If  at  the  time  of  such  a  hemorrhage  pain 
develops  in  the  region  of  the  kidney  and  the  latter  is  sensitive  to  pressure, 
embolism  of  the  renal  artery  on  the  affected  side  may  be  thought  of, 
provided,  of  course,  the  condition  of  the  heart  is  such  that  the  formation 
of  coagula  in  the  left  ventricle  may  reasonably  be  assumed. 

*  "Nierenkrankheiten,"  p.  188.  t  "Nierenkrankheiten,"  p.  183. 

X  "Erkrankungen  der  Niere,"  "Nothnagers  System,"  vol.  xix,  p.  271. 
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Traube  *  reports  a  diagnosis  which  was  confirmed  by  autopsy.  There  was  great 
dilatation  of  both  ventricles;  the  muscle  was  pale  and  flabby;  the  "semilunar  yalves 
of  the  aorta  were  thickened,  curled  up,  and  covered  with  warty  vegetations;  one  of 
the  valves  was  torn  through  the  middle/'  I  have  had  a  similar  experience.  In 
Traube's  case  the  infarct  was  large — about  5  cm.  on  the  surface;  in  my  case  it  cov- 
ered an  area  of  about  3  cm. 

The  clinical  signs  were  those  mentioned  above,  with  the  exception  of  spontaneous 
pain;  there  was  only  pain  on  pressure,  which,  however,  persisted  untu  death — ^a 
period  of  about  twelve  days.  It  was  one  of  my  cases  of  Ttkbingen  heart  with  glo- 
bular vegetations  in  the  right  auricle  and  left  ventricle.  The  autopsy  findings  were 
as  follows  (dictated  by  Schttppel): 

"Left  kidney  somewhat  larger  than  normal,  very  firm,  and  the  seat  of  an  exten- 
sive hemorrhagic  infarct  already  become  pale,  occupying  the  entire  thickness  of  the 
cortex;  the  base  is  about  3  cm.  in  extent.  The  infarct  has  a  lemon-yellow  color 
and  is  surrounded  by  a  red  areola.  The  capsule  is  firmly  adherent.  The  cellular 
tissue  is  poor  in  fat  and  over  the  infarct  shows  inflammatory  infiltration. 

"The  right  kidney  is  of  normal  size,  very  firm,  and  shows  a  number  of  cicatricial 
contractions.  It  is  anemic;  the  pyramids  only  are  blood-red;  the  glomeruli,  in- 
jected." 

Even  when  the  activity  of  the  kidneys  has  been  diminished  for  a 
long  time,  perfect  recovery  in  every  respect  is  possible  if  only  the  heart 
can  be  made  to  work  more  vigorously.  In  other  words,  the  kidneys  do 
not  suffer  atrophy  from  disuse.  Whether  this  also  applies  to  the  con- 
gested and  contracted  kidney  I  will  not  attempt  to  decide. 

6.  Digestive  Organs-^-Stomach,  Intestine,  Liver. — Digestive  dis- 
turbances never  fail  to  make  their  appearance  as  soon  as  cardiac  weakness 
becomes  at  all  marked.  At  first  there  are  general  malaise,  pressure, 
signs  of  fukiess  after  eating,  frequent  belching  and  after-taste — in  short, 
the  well-known  si^  of  sluggish  digestion. 

The  liver  at  this  time,  and,  in  fact,  at  any  time,  is  but  little  swollen, 
but  constipation  with  the  resulting  distention  of  the  intestine  is  practically 
constant. 

Some  patients  have  fair  appetites;  but  it  is  by  no  means  true  that 
beginning  heart  weakness  is  without  influence  on  the  ingestion  of  food. 
Heart  patients  are  like  other  d3rspeptics;  some  of  them  are  so  sensitive 
to  the  slightest  disturbance  that  they  at  once  cut  down  their  food  more 
than  is  good  for  them,  while  others  are  undaunted  and  eat  what  they  like, 
being  quite  willing  to  take  the  consequences.  C.  v.  Noordenf  refers 
to  this  class  of  heavy  eaters  when  he  compares  the  small  amount  of  mus- 
cular work  they  perform  to  the  excessive  ingestion  of  food  in  the  following 
words:  "The  disproportion  between  the  large  amount  of  food  and  the 
limited  amount  of  muscular  exercise  often  results  in  a  condition  of  obesity, 
a  relationship  which  was  emphatically  pointed  out  by  Oertel."  But 
this  combination  is  rarely  observed  among  those  who  have  to  earn  their 
bread  by  manual  labor.  In  heavy  eaters,  on  the  other  hand,  the  accu- 
mulation of  adipose  tissue,  with  or  without  alcoholism,  is  usually  the 
first  sign  of  disease  and  often  precedes  the  symptoms  of  cardiac  weakness, 
of  which,  indeed,  it  may  be  the  cause. 

As  the  circulatory  disturbances  become  greater  the  dyspeptic  symp- 
toms also  increase.  I  have  frequently  known  the  d3rspepsia  to  become 
so  prominent  as  to  mislead  a  ph)rsician  of  only  moderate  experience  in 
cases  in  which  there  was  no  pronounced  valvular  lesion  and  cardiac 
disease  was  entirely  muscular,  especially  in  the  presence  of  marked  im- 
pairment of  the  general  nutrition. 

♦  "Gesammelte  Abhandlungen,"  vol.  ii,  p.  347  et  seq, 
t  "Lehrbuch  der  Pathologic  des  Stoffwechsels,"  p.  320. 
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For  example,  in  the  histoiy  of  a  case  of  fatal  cardiac  insufficiency  of  purely 
muscular  origin  I  find  the  followmg  notes:  "The  patient  is  a  vigorous  man,  has  been 
treated  repeatedlj^  since  August,  1875.  As  he  complained  of  dyspepsia,  sensitive- 
ness to  pressure  m  the  epigastrium,  and  the  like,  gastric  ulcer  or  even  carcinoma 
was  thought  of."  The  latter  diagnosis  is  very  apt  to  be  made  if  there  happens  to 
be  a  groove  from  constriction  at  the  appropriate  region  over  the  liver. 

The  dyspeptic  symptoms  that  occur  in  heart  patients  are  not  character- 
istic, although  it  may  be  mentioned  that  constipation  is  usually  obstinate 
and  diarrhea  rarely  occurs.  A  certain  degree  of  cachexia,  due  probably 
to  insufficient  nutrition,  rarely  fails  to  develop  sooner  or  later;  but  the 
emaciation  may  be  disguised  by  the  dropsical  condition  of  the  skin. 
But  it  is  not  only  on  account  of  their  dyspeptic  symptoms  that  the  patients 
take  less  food.  When  the  stomach  and  intestine  are  full,  the  movements 
of  the  diaphragm  are  interfered  with  and  the  feeling  of  oppression  thus 
produced  keeps  many  a  patient  from  taking  a  sufficient  quantity  of  food. 

Special  Symptoms* — 1.  Disturbance  of  hydrochloric  acid  secretion 
is  observed  only  in  pronounced  conditions  of  cardiac  weakness.  In  cases 
of  universal  dropsy  and  severe  dyspnea,  C.  v.  Noorden  frequently  found 
that  the  gastric  juice,  obtained  by  siphonage,  contained  a  normal  excess 
of  hydrochloric  acid  after  a  small  test-breakfast  (tea  with  wheat  bread; 
contents  removed  from  three-quarters  to  one  hoiu*  after  eating),  but  never 
after  a  copious  test-dinner  containing  meat  (contents  removed  five  to  six 
hours  later) .    The  evacuation  of  the  stomach  was  not  delayed. 

2.  Absorption  of  food.  The  ingestion  and  assimilation  of  carbohy- 
drates and  albumin  are  the  same  as  under  normal  conditions.  Fat  varies; 
assimilation  may  be  normal,  but  the  opposite  has  also  been  observed.f 

According  to  the  present  teaching  in  regard  to  absorption  from  the 
intestine,  one  is  not  inclined  to  ascribe  the  latter  directly  to  interference 
with  the  circulation  in  the  intestine,  and  it  would  indeed  be  difficult 
to  give  reasons  for  such  a  view.  We  are  more  inclined  to  agree  with 
F.  Miillerf  that  the  absorption  of  fat  depends  chiefly  on  the  nutrition  of 
the  epithelium  in  the  intestine. 

3.  The  decomposition  of  albumin  in  the  intestine  is  not  increased. 
Phenol  and  indican  do  not  appear  in  increased  quantities  even  in  marked 
disturbances  of  the  circulation. 

Some  anatomic  changes  are  also  present  in  cardiac  weakness,  but  are 
not,  as  a  rule,  far-reaching:  catarrh  of  the  stomach  and  intestine;  super- 
ficial hemorrhages.  That  is  generally  all.  Of  course,  a  hemorrhagic 
erosion  may  possibly  develop  into  a  gastric  ulcer,  but  such  an  event  must 
be  rare;  at  least  there  is  no  mention  of  it  in  the  literature. 

Proliferation  of  connective  tissue,  which  occurs  elsewhere  in  conditions 
of  stasis,  is  not  known  to  occur  in  the  stomach  and  intestine.  Hemor- 
rhages are  usually  insignificant  and  quite  circumscribed,  and  the  amount 
of  blood  lost  is  so  small  that  it  is  not  seen  in  the  stools.  Hemorrhage  from 
the  dilated  veins  of  the  rectum — at  least  severe  hemorrhoidal  hemor- 
rhage— is  by  no  means  frequent. 

Embolism 'of  the  superior  mesenteric  artery,  with  resulting  infarct 

*  I  have  followed  G.  v.  Noorden's  teaching  in  his  "Lehrbuch  der  Pathologic  des 
Stoffwechsels.'' 

t  See  the  table  given  by  Th.  Husche,  "Ueber  die  Stickstoff-Bilanz  in  den  ver- 
schiedenen  Stadien  der  Herzkrankheiten "  (from  Gerhardt's  Clinic),  ''Zeitschrift 
fur  klinische  Medicin,"  Bd.  xxvi  (1894),  S.  66. 

t  "Ueber  Nahrungsresorption  bei  einigen  Krankheiten,"  "Verhandlungen  des 
Congresses  fUr  innere  Medicin,''  Bd.  vi  (1887),  S.  404  ff. 
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of  the  intestinal  wall,  is  rare;  and  the  formation  of  such  an  infarct  from 
disturbance  of  the  venous  flow  is  even  more  rare. 

I  recently  observed  a  case  of  this  kind.  It  occurred  in  a  man  of  sixty,  who 
suffered  from  muscular  heart  weakness.  The  patient  had  been  in  bed  for  a  long 
time  and  had  become  very  fat.  During  the  last  days  of  his  life  he  developed  abn 
dominal  pain,  which  constantly  became  more  severe  and  was  followed  by  watery 
discharges  containing  a  large  quantity  of  blood. 

At  the  autopsy,  which  was  conducted  by  Prof.  v.  Baumgarten,  the  following 
notes  were  made:  ''Abdomen  distended,  umbilicus  obliterated.  On  opening  the 
abdominal  cavity  all  the  intestines,  particularly  the  loops  of  small  intestine,  are 
found  to  be  greatly  distended  and  covered  with  a  fibrinous,  blood-stained  exudate. 
An  old  adhesion  connects  some  of  the  loops  of  the  lower  ileum  with  the  intestinal 
wall  of  the  left  inguinal  region;  the  upper  end  of  the  adhesion  is  narrow,  but  is  at- 
tached to  the  intestinal  wall  by  a  broad  base.  The  loops  of  intestine  are  somewhat 
distorted  by  the  pull  of  this  adhesion  and  are  thickly  covered  with  a  fibrinous,  • 
hemorrhagic  exudate;  they  are  a  dark,  bluish  red,  almost  black,  and  the  wall  is 
thickly  infiltrated. 

"The  mesenteric  attachment  of  these  loops  is  also  thickly  infiltrated  and  dark 
red,  both  on  the  surface  and  on  the  cut  surface.  Similar,  but  less  pronounced, 
changes  are  observed  in  the  adjacent  loops  of  the  ileum.  The  corresponding  mesen- 
teric veins  are  distended  with  thrombi  of  a  dark-red  color  and  fairly  firm  in  texture, 
which  totally  obstruct  the  vessels. 

"The  loops  of  intestine  on  being  opened  are  found  to  have  a  thickened,  succulent, 
and  intensely  bluish-red  mucous  membrane,  which  has  lost  its  normal  glossiness  and 
presents  opacjue  gray  spots  in  various  places.  In  vertical  sections  taken  from 
diseased  portions  of  the  intestine,  especiaUy  the  mucosa  and  submucosa,  all  the 
layers  of  the  intestinal  wall  are  seen  to  be  the  seat  of  a  diffuse  hemorrhagic  infiltra- 
tion. 

"Along  the  psoas  muscle  on  both  sides  of  the  body,  but  on  the  right  side  more 
than  on  the  left,  there  is  a  broad,  cord-like,  somewhat  nodular,  hard  mass  of  tissue 
extending  as  far  as  the  lacuna  vaaorum  cruralium  (femoral  opening). 

"This  hard,  cord-like  mass  is  nothing  less  than  the  subperitoneal  fatty  tissue  of  the 
region  which  has  undergone  a  peculiar  form  of  sclerosis.  The  great  vessels  inclosed 
in  this  tissue  do  not  show  any  changes,  especiallv  no  thrombosis  of  the  femoral  vein. 
On  the  other  hand,  the  smaller  veins  within  the  sclerotic  fatty  tissue  are  all  thrombosed. 

"Microscopic  examination  of  the  sclerotic  masses  of  fatty  tissue  from  the  psoas 
region  fails  to  supply  any  satisfactory  explanation  for  this  peculiar  sclerosis.  Aside 
from  the  macroscopic  thrombosis  in  the  veins,  more  recent  inflammatory  prolifera- 
tions of  the  interstitial  connective  tissue  were  found. 

"The  spleen  is  somewhat  larger  than  normal  and  shows  slight  thickening  of  the 
•capsule  and  trabeculse.  The  splenic  pulp,  which  in  general  is  quite  soft,  contains 
hard,  fibrous,  irregularly  angular  foci,  ranging  in  size  from  that  of  a  pea  to  that  of  a 
cheny. 

"The  liver  is  the  seat  of  diffuse,  moderate  fatty  degeneration.  The  other  organs 
of  the  peritoneal  cavity  show  no  noteworthy  changes." 

In  this  case  there  probably  was  a  circulatory  disturbance  in  the  terri- 
tory of  the  mesenteric  veins,  which  was  favored  by  the  old  adhesions  and 
the  marked  accumulation  of  adipose  tissue  and  ultimately  led  to  marantic 
thrombosis.  The  sclerosis  of  the  connective  tissue  may  also  have  been 
produced  by  the  prolonged  condition  of  stasis. 

In  cases  of  permanent  heart  weakness  the  liver  becomes  profoundly 
involved.  Shortly  after  the  first  appearance  of  heart  failure  the  organ 
begins  to  swell;  the  tension  of  the  capsule  causes  a  feeling  of  pressure  and 
pain,  which  becomes  very  distressing  and  may  cause  a  sensitive  patient 
involuntarily  to  inhibit  respiration;  the  symptoms  rapidly  subside  as 
the  circulation  is  restored. 

But  if  the  stasis  continues,  the  following  conditions,  taken  from  Zieg- 
ler's*  excellent  description,  are  found: 

"The  liver  is  usually  somewhat  diminished  in  size,  the  surface  not 

♦  "Lehrbuch  der  speciellen  pathologischen  Anatomic,"  9.  Auflage,  S.  575,  576. 
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infrequently  unequal,  granular,  and  slightly  nodular.  The  cut  surface 
shows  the  typical  picture  of  nutmeg  liver,  the  central  portions  of  the 
acini  being  a  deep  dark  red  and  usually  depressed  below  the  cut  surface, 
while  the  color  of  the  periphery  varies  from  dark  brown  to  pale  brown 
and  sometimes  a  yellow-brown,  depending  on  the  quantity  of  fat  contained 
in  the  cells. 

**If  the  process  goes  on,  the  dark-purple  portions  preponderate  over 
the  paler  tissue,  which  in  places  may  he  wanting  altogether.  At  the 
same  time  the  acini  diminish  in  size — cyanotic  or  congested  atrophy 
(central  red  atrophy)  exists. 

"On  microscopic  examination  it  is  found  that  the  hepatic  veins, 
especially  the  central  venules  and  the  capillary  region  immediately 
.  adjoining,  are  dilated.  In  more  advanced  grades  of  the  disease  all  the 
capillaries  of  the  acini  are  dilated.  The  liver-oells  between  the  dilated 
capillaries  are  always  more  or  less  atrophic  and  usually  contain  granules 
of  yellow  and  brown  pigment,  and  many  of  them  also  fat-granules.  The 
degeneration  is  always  most  advanced  at  the  centers  and  in  the  inter- 
mediate zones  of  the  acini.  When  the  circulatory  disturbances  are  pro- 
tracted and  there  is  marked  dilatation  of  the  capillaries,  some  of  the  liver- 
cells  may  be  totally  destroyed,  leaving  only  granules  and  fragments  of 
yellowish  and  yellowish-brown  pigment  between  the  dilated  capillaries. 

"The  periportal  connective  tissue  of  the  liver  usually  remains  intact, 
but  it  may  occasionally  become  the  seat  of  hypertrophy  and  cellular 
infiltration,  giving  rise  to  a  special  form  of  cirrhosis." 

Thus  the  tissue  changes  are  quite  marked,  and  it  may  be  asked  whether, 
and  if  so  to  what  degree,  the  function  of  the  liver  is  altered  by  the  injury 
which  the  organ  suflfers.    We  do  not  know  much  about  this  point. 

1.  The  formation  of  urea  in  the  hver  does  not  seem  to  be  materially 
affected.  Leucin  and  t3nrosin,  the  amido-acids,  do  not  appear.  The 
relation  between  the  urea  and  the  total  quantity  of  nitrogen  in  the  urine 
is  not  altered,  and  the  excretion  of  ammonium  also  fluctuates  within 
normal  limits.* 

2.  With  regard  to  the  formation  of  glycogen  nothing  is  known.  In 
animal  experiments  sugar  has  occasionally  been  found  in  the  urine, 
with  an  increase  of  sugar  in  the  blood;  but  as  no  similar  observations 
have  been  made  in  man,  their  interpretation  cannot  be  allowed  to  affect 
the  question. 

3.  Formation  of  bile.  Whether  the  quantity  of  bile  secreted  under- 
goes any  change  in  cases  of  cardiac  insufiiciency  we  do  not  know.  A  priori 
a  diminution  seems  probable;  for  one  of  the  chief  conditions  for  the  secre- 
tion of  bile,  namely,  the  ingestion  of  food,  especially  nitrogenous  food, 
is  certainly  diminished  in  the  more  marked  grades  of  heart  disease. 

A  slight  degr^  of  yellow  discoloration  of  the  skin  and  conjunctivae 
is  quite  frequent,  but  the  urine  rarely  contains  enough  bilirubin  to  render 
Gmelin's  reaction  positive.  On  the  other  hand,  it  contains  a  great  deal 
of  hydrobilirubin. 

In  harmony  with  the  prevailing  views  C.  v.  Noorden  offers  the  following  inter- 
pretation of  these  facts: 

"  When  a  lar^  quantity  of  hemo^obin  is  liberated  by  the  disintegrating  red 
blood-corpuscles  it  is  excreted  by  the  liver.  Bile  secreted  under  these  conditions  is 
rich  in  bilirubin  and  at  the  same  time  thicker  and  more  viscid.  This  interferes  with 
the  evacuation  of  the  bile  from  the  smaller  bile-ducts,  and  absorption  takes  place. 

*  See  Husche's  figures,  loc.  cU.j  p.  67  et  seq. 
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That  portion  of  the  bile  which  is  evacuated  into  the  intestine  and  which  contains  a 
large  quantity  of  bilirubin  is  subjected  to  the  action  of  bacteria  in  the  intestine,  and 
these  convert  the  pigment  into  nydrobilirubin,  the  greater  part  of  which  finos  its 
way  into  the  urine  oy  absorption." 

He  argues,*  from  the  condition  of  the  bile,  that  "hemoglobin  metabolism  in  con- 
gestive diseases  must  be  very  active.  It  is  uncertain,  however,  whether  the  attack 
on  the  hemoglobin  takes  place  in  the  blood  itself,  in  the  tissue,  or  in  the  liver-cell." 

Whether  this  is  a  final  conclusion  remains  to  be  decided.  It  does  not  appear  to 
me  that  what  we  know  of  the  constitution  of  the  whole  blood  and  the  number  of  red 
blood-corpuscles  which  it  contains  is  calculated  to  support  C.  v.  Noorden's  views. 

7.  Nervous  System. — Severe  anatomic  changes  ii\  the  brain  are, 
on  the  whole,  infrequent.  Marantic  thrombosis  and  embolism  some- 
times occur  when  the  strength  of  the  heart  begins  to  fail,  but,  as  a  rule, 
some  very  grave  disease  of  the  cerebral  vessels  is  present  at  the  same  time. 
Thickening  and  opacity  of  the  meninges  are  found  quite  frequently,  but 
are  usually  without  significance  or  at  least  not  of  very  great  importance. 
Venous  hyperemia  and  dropsy  are  often  quite  marked;  but  it  is  difficult 
to  make  out  to  what  extent  these  conditions  had  already  developed  during 
life  and  what  part  is  agonal. 

The  same  is  true  of  the  spmal  cord.  In  regard  to  tissue  changes  in 
the  peripheral  nerves  nothing  is  positively  known. 

Functional  disturbances,  alterations  in  the  cerebral  activity,  are  quite 
the  rule  in  the  very  severe  grades  of  cardiac  weakness,  although  vertigo 
and  syncope,  it  is  true,  are  not  always  present.  A  feeling  of  malaise, 
of  bodily  and  mental  lassitude,  and  irritabiUty  are  practically  never 
absent.  Persons  who  are  naturally  good-natured  and  have  good  self- 
control  of  course  do  not  act  exactly  like  those  who  naturally  have  a  less 
amiable  disposition.  The  latter  are  a  burden  to  themselves  and  their 
•attendants  when  they  develop  heart  failure.  Even  hypochondriasis  quite 
often  makes  its  appearance.  In  a  predisposed  individual  a  true  psychosis 
may  develop;  but  it  is  doubtful  whether,  as  has  been  maintained,  heart 
disease  in  itself  favors  the  development  of  insanity.f 

Aside  from  the  fact  that  the  lot  of  a  heart  patient  is  by  no  means  an 
enviable  one,  and  that  at  a  time  when  he  should  still  retain  his  powers 
he  is  more  or  less  incapacitated  for  work,  the  somatic  (systemic)  changes 
to  some  extent  explain  the  mental  disturbance,  which  is  probably  attribut- 
able mainly  to  the  congestion  in  the  capillaries  of  the  brain  and  the  re- 
tardation of  the  cerebral  circulation.  To  these  may  be  added  certain  con- 
ditions the  nature  of  which  is  not  well  under^od  and  which  are  associated 
with  digestive  disturbances  and  sluggishness  of  the  bowel. 

The  accumulation  of  carbon  dioxid  in  the  blood  and  in  the  tissues 
is  followed  by  the  appearance  of  more  or  less  marked  s3nmptoms  of  carbon 
dioxid  poisoning:  drowsiness,  with  a  cerebral  form  of  dyspnea  rather 
objective  than  subjective,  and  persistent  coma,  which  gradually  becomes 
deeper  and  ends  in  death — ^the  usual  mode  of  termination  in  cardiac  in- 
suflBciency. 

It  is  undoubtedly  a  true  autointoxication  and  rarely  fails  to  develop. 
But  it  is  not  certain  whether  it  is  always  the  only  form  of  intoxication. 
I  have  reported  a  case  in  which  renal  insufficiency  also  appeared  to  be 
a  factor  of  importance.  It  is  very  probable  that  failure  of  the  kidneys 
not  very  rarely  takes  part  in  the  final  catastrophe,  and  whenever  the 

*Loc.CTe.,p.321. 

tCk)mpare  Theodor  Kirchhoff,  "Lehrbuch  der  Psychiatrie/'  Leipzig  und  Wien 
(1892),  Franz  Deuticke,  S.  59. 
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lungs  are  clear  or  only  slightly  involved,  this  possibility  must  be  taken 
into  account. 

It  should  be  noted  that  these  conditions  of  torpor  may  subside  even 
after  they  have  attained  a  very  high  degree,  and  one  must  be  very  careful 
not  to  predict  a  speedy  end  because  of  their  presence. 

The  cerebral  symptoms  that  follow  embolism  and  thrombosis  need 
not  be  discussed  in  this  connection. 

8.  Metabolism;  Temperature. — ^What  the  complete  balance  of  meta> 
holism  is  we  do  not  know,  but  a  few  individual  items  may  be  mentioned. 

According  to  the  teaching  of  the  present  day  (Voit,  Pfliiger)  in  regard 
to  the  influence  of  the  oxygen  supply,  the  amount  used  up  is  increased 
only  when  the  cells  perform  more  work.  As  compared  with  a  healthy 
individual  at  rest,  the  resting  heart  patient  needs  a  larger  supply  of  oxy- 
gen because  of  the  greater  amount  of  work  performed  by  his  respiratory 
muscles.  Whether  this  extra  amount  of  oxygen  can  be  obtained  is  a 
question  which  has  been  carefully  investigated  by  C.  v.  Noorden,*  but 
without  any  decisive  result. 

The  experiments  fail  to  show  "whether  in  chronic  diseases  in  man, 
accompanied  by  really  severe  dyspnea,  the  body-cells  are  actually  able 
until  the  agonal  period  to  obtain  then*  usual  supply  of  oxygen  by  bringing 
all  the  compensatory  auxiliary  forces  into  play,  and  whether  the  agonal 
period  begins  as  soon  as  a  true  oxygen  deficit  makes  its  appearance;  or 
whether  the  cells  adapt  themselves  to  the  altered  and  more  difficult  con- 
ditions and  are  able  to  get  along  with  the  somewhat  diminished  supply 
of  oxygen."  This  last  possibility  seems  to  be  well  worth  considering. 
The  conditions  are  practically  the  same  as  when  an  athlete  is  undergoing 
training;  although  the  amount  of  oxygen  used  and  material  burnt  up 
is  the  same,  it  is  more  fully  utilized  because  a  larger  proportion  of  the 
kinetic  energy  produced  by  the  combustion  is  converted  into  work. 

The  following  considerations  are  worthy  of  notice. 

The  slowing  of  the  circulation  in  the  lungs  cannot  in  itself  cause  a 
diminution  of  the  amount  of  oxygen  taken  up  by  the  blood  as  it  flows 
through  the  lungs,  provided  the  ventilation  of  the  lungs  is  not  impaired. 
The  cyanosis  which  is  so  frequently  seen  in  heart  patients  is  due  to  the 
fact  that  the  blood  flows  through  the  capillaries  and  tissues  more  slowly 
and  there  gives  off  a  small  quantity  of  oxygen  and  takes  up  a  larger  quan- 
tity of  carbon  dioxid.  Cyanosis,  therefore,  merely  indicates  slowing  of 
the  circulation. 

"  In  spite  of  the  slowing  of  the  circulation  the  total  quantity  of  oxygen 
supplied  and  the  total  quantity  of  oxygen  used  may  be  normal.  We  must 
not  conclude  from  this  that  the  condition  does  not  affect  the  tissues; 
for  the  presence  of  oxygen  in  the  capillaries  at  a  low  tension  makes  it 
difficult  for  the  cells  to  obtain  the  necessary  quantity  of  oxygen.  This 
low  tension  they  are  able  to  overcome;  but  in  the  end  the  development 
of  the  c«lls  as  well  as  their  metabolism  must  suflfer.f  This  shows  itself 
in  disturbances  of  growth  which  are  almost  constantly  present  in  the 
nails  and  distal  phalanges  in  patients  with  chronic  cyanosis,  as  well  as 
in  the  failure  of  general  development  observed  in  patients  who  have 
suffered  from  circulatory  disturbances  from  early  youth  (C.  v.  Noorden)." 

*  Loc,  dt.,  p.  315. 

t  Compare  v.  HOsslin,  "Ueber  den  Einfluss  der  Oj-Spaimung  im  Gewebe  auf  den 
Os-Verbrauch,"  "Sitsungsberichte  der  Gesellschaft  fUr  Morphologie  und  Physiologie 
in  MUnchen/'  1891,  S.  6. 
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The  composition  of  the  respired  air  supplied  by  lungs  that  are  not 
everywhere  equally  permeable  is  not  without  influence  on  our  estimate 
of  the  conditions  in  cardiac  weakness;  for  obstruction  of  the  finer  respira- 
tory channels  almost  always  occurs  in  the  more  severe  cases  of  cardiac 
failure.  The  investigations  carried  out  by  Bartels*  in  cases  of  croup, 
and  later  by  Geppertf  in  patients  suffering  from  emphysema  and  bron- 
chitis, gave  the  following  results. 

Although  the  quantity  of  air  passing  in  and  out  of  the  lungs  in  a  unit 
of  time — the  coefficient  of  ventilation — is  adequate,  the  blood  does  not 
take  up  sufficient  oxygen  or  give  off  sufficient  carbon  dioxid.  Those 
portions  of  the  lung  cannot  perform  the  gaseous  interchange  for  the  entire 
organism.  The  more  extensive  the  impermeability  of  the  respiratory 
surface,  the  more  marked  is  this  condition,  as  Geppert  has  directly  proved. 

We  thus  understand  that  the  compensatory  power  of  the  respiratory 
muscles  has  a  definite  Umit.t 

The  nitrogen  metabolism  of  heart  patients  is  not  known.  The  in- 
vestigations that  have  been  made  are  not  very  reUable  because  excretion 
(rf  water  through  the  kidneys  takes  place  irregularly,  and  hence  the  finding 
of  nitrogenous  bodies  in  solution  in  the  urine  does  not  help  us  to  estimate 
how  long  a  time  has  elapsed  between  the  ingestion  of  the  albumin  and 
the  excretion  of  the  nitrogen.  It  is,  therefore,  impossible  to  erect  a 
metabolic  equation. 

It  may  be  of  interest  to  cite§  the  results  and  conclusions  arrived 
at  by  C.  V.  Noorden  in  a  large  number  of  investigations  performed  under 
these  conditions  in  Gerhardt's  clinic. ||    They  are: 

"1.  When  digitalis  treatment  is  effective,  very  large  quantities  of 
nitrogen  are  usually  thrown  off  from  the  body  along  with  the  water 
from  the  edematous  fluid. 

"2.  The  nitrogen  flood  rarely  persists  more  than  two  to  four  days. 
During  this  time  the  total  nitrogen  output  may  exceed  the  intake  by  30 
to  40  grams. 

"3.  The  nitrogen  flood  is  not  always  uniform;  days  when  the  excre- 
tion is  abundant  alternate  with  others  when  Uttle  nitrogen  is  excreted, 
although  diuresis  may  continue  to  be  active. 

"4.  In  other  cases  the  quantity  of  urine  only  is  increased.  The 
urinary  nitrogen,  already  in  equilibrium  with  the  nitrogen  contained  in 
the  food,  is  not  affected. 

This  appears  to  show  that  in  the  first  group  of  cases  large  quantities 
of  substances  that  should  be  excreted  with  the  urine  are  deposited  in 
the  edematous  tissues,  and  that  there  is  also  a  second  group  of  cases, 
in  which  the  transudate  consists  chiefly  of  water  and  the  excretion  of 
nitrogenous  metabolic  products  through  the  kidneys  is  not  interfered 
with." 

The  temperature  in  bedridden  heart  patients  is  subnormal  in  the  great 
majority  of  cases.  [In  a  case  of  tricuspid  stenosis  (with  other  lesions) 
reported  by  Dock  the  temperature  was  above  98®  F.  only  twice  in  two 
months.    It  was  usually  between  96°  and  98°,  sometimes  95°  or  slightly 

*  "Ueber  die  h&utige  Brftune,"  "Deutsches  Archiv  fur  klinische  Medicin,"  Bd.  ii 
(1867),  8. 409  ff. 

t  "Untersuchungen  tlber  die  Respiration  bei  Emphysema  pulmonum,"  "Charity 
Amialen/'  Bd.  ix,  Jahrgang  (1884),  S.  283  ff. 

}  Compare  p.  50  et  seq,  §  Loc,  cit.,  p.  327. 

11  These  are  given  at  length  by  Husche  in  the  artide  referred  to,  ''Zeitschnft  filr 
Uimache  Medicin,"  Bd.  xxvi  (1894),  S.  44  ff. 
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below  that. — ^Ed.]  But  it  may,  on  the  other  hand,  be  quite  variable. 
Apparently  insignificant  disturbances  suffice  to  send  up  the  temperature, 
although  the  elevation  is  never  very  great. 

THE  TREATMENT  OF  CARDIAC  INSUFFICIENCY. 

General  Principles. — Taking  them  all  in  all,  there  are  not  many 
diseases  that  present  so  many  therapeutic  difficulties  as  cardiac  insuffi- 
ciency. The  main  object  is  to  bring  about  a  proper  relation  between 
the  amount  of  work  performed  by  the  heart  and  its  functional  capacity, 
and  to  avoid  making  any  demands  on  the  organ  which  it  is  unable  to  meet. 
As  a  rule,  patient  and  physician  disagree  widely  on  the  question  of  how 
much  work  may  be  demanded  of  the  heart;  and  even  if  the  patient  is 
fully  convinced  that  the  physician  is  right  when  he  tells  him  he  must 
make  a  complete  change  in  his  mode  of  life,  he  is  often  compelled  by  the 
bitter  necessity  of  providing  for  his  family  to  disobey  his  physician's 
orders.  Another  difficulty  is  that  a  heart  patient  who  has  not  yet  be- 
come disabled  by  his  disease  has  no  accurate  means  of  estimating  how 
much  work  his  heart  is  able  to  do.  Even  the  physician  often  finds  it 
difficult  to  determine  this  point.  In  giving  his  instructions  he  assumes 
that  the  amount  of  work  performed  by  the  heart  in  twenty-four  hours 
shall  not  exceed  a  certain  limit,  which  is  estimated  according  to  general 
principles.  Unfortunately,  some  unforeseen  accident,  such  as  a  digestive 
disturbance,  a  sleepless  night,  or  mental  excitement,  may  occur  at  any 
time  and  mar  the  reckoning,  and  the  heart  is  at  least  temporarily — ^while 
the  disturbance  lasts— disabled  and  cannot  perform  the  work  demanded 
of  it.  And  so  the  mischief  is  done;  and  although  normal  conditions 
may  be  restored  in  a  few  dajrs,  the  disturbance  may,  on  the  other  hand, 
be  the  important  immediate  cause  of  the  chronic  disease,  which  before  had 
been  only  threatening  the  patient,  becoming  fully  established.  These 
accidents  are  particularly  common  in  the  case  of  patients  who  are  not 
obliged  to  do  hard  physical  work;  for  in  such  cases  it  is  peculiarly  diffi- 
cult to  determine  how  much  work  the  heart  is  capable  of. 

The  unfortunate  tendency  of  all  patients  suffering  from  chronic  diseases 
to  change  constantly  from  one  medical  adviser  to  another  is  particularly 
marked  among  heart  patients.  They  furnish  a  rich  harvest  to  the  "spe- 
cialist" who  only  understands,  or  quite  frequently  does  not  understand, 
"his  own"  organ.  Every  physician  who  has*  been  in  practice  for  any 
length  of  time  will  recall  such  instances.  The  same  is  true  of  the  universal 
specialists — Pastor  Kneipp  &  Co. — ^r^'ho  fill  God's  acre  more  than  they 
cultivate  God's  vineyard. 

At  the  end  of  the  long  list  of  their  sins  may  be  mentioned  the  improper 
use  of  digitalis,  from  which  many  a  heart  patient  has  had  to  suflfer.  Not 
only  when  another  physician  is  called  in,  who,  not  knowing  what  his 
predecessor  has  ordered,  naturally  falls  into  the  error — ^it  has  also  hap- 
pened, and  will  probably  happen  again,  although  I  have  not  seen  such 
an  instance  during  the  last  few  years,  that  officious  friends  of  heart  patient 
A  give  him  digitalis  because  it  helped  heart  patient  B  so  wonderfully. 
On  the  principle  of  "  the  more  the  better"  the  patient  then  continues  to 
take  the  remedy,  with  the  result  known  to  every  one  who  is  familiar 
with  the  action  of  the  drug. 

What  are  the  principles  that  should  guide  us  in  the  management  of 
heart  patients?    I  repeat:  a  weak  heart  must  not  be  allowed  to  over- 
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exert  itself,  and  the  physician  must  have  the  great  danger  of  overex- 
ertion constantly  in  mind.  Hence  the  patient's  mode  of  life  should  be 
so  ordered  as  to  guard  against  any  sudden  strain  on  the  already  weakened 
heart;  that  Lb,  the  patient's  work  should  be  so  arranged  as  to  make  it 
impossible  for  the  heart  to  exceed  the  limit  of  its  powers  even  for  a  short 
time.  The  labor  curve  must  not  present  any  sudden  rises  and  falls,  as 
/N^_/    \;  it  must  be  imiform,  thus . 

The  application  of  these  principles  will  now  be  considered  in  detail. 

Nutrition. — ^The  ingestion  of  food  always  throws  an  extra  demand 
on  the  heart;  the  greater  the  quantity  of  food  ingested  at  any  one  time, 
the  greater  the  amount  of  work  performed  by  the  heart  during  that 
time — the  period  of  digestion.  The  active  organs  of  digestion  must  be 
supplied  with  blood;  an  increased  quantity  of  fluid  js  temporarily  taken . 
up  by  the  tissues  and  by  the  blood  and  circulates  with  the  latter.  Dis- 
tention of  the  stomach  with  food  may  impede  the  movements  of  the 
diaphragm.  Hence  a  patient  suffering  from  heart  disease  should  eat 
several  meals  a  day,  which  should  be  approximately  equal  in  quantity. 
A  single  large  meal  either  at  noon  or  in  the  evening,  at  which  enough  food 
for  the  entire  day  is  taken,  must  be  absolutely  forbidden. 

Oertel*  emphasizes  the  importance  of  these  matters  and  lays  down 
rules  the  observance  of  which  may  be  of  the  greatest  benefit  to  the  patient 
in  severe  cases.  One  thing  that  he  insists  upon  seems  to  me  particularly 
important.  It  is  that  no  fluid  ought  to  be  taken  with  a  heavy  meal, 
the  patient  being  instructed  to  drink  water  between  meals  instead. 
With  a  small  meal  this  precaution  is  not  necessary. 

The  question  of  the  diet  to  be  prescribed  must,  of  course,  depend 
on  individual  conditions;  it  is  impossible  to  give  general  instructions 
on  this  point.  The  contrast  between  the  corpulent  bon-vivant  and  the 
wretched,  emaciated  laborer — ^both  suflfering  from  muscular  weakness 
of  the  heart — presents  a  sufficiently  striking  picture  to  show  the  folly 
of  attempting  to  give  *' dietetic  prescriptions  for  heart  patients." 

A  number  of  authorities  have  recently  stated  that  heart  patients 
should  be  made  to  avoid  alcohoUc  beverages  altogether.  This  is  cer- 
tainly a  mistake  and  may  have  grave  consequences,  as  I  can  testify. 

But  we  must  carefully  distinguish  between  two  things.  It  is  self- 
evident  that  a  heart  patient  must  not  take  any  spirituous  liquors  that 
give  the  heart  an  unnecessary  amount  of  work.  On  the  other  hand, 
is  it  certain  that  spirituous  liquors  always  and  under  all  circumstances 
do  increase  the  work  of  the  heart?  If  an  individual  is  accustomed  to 
taking  a  definite  quantity  of  light  wine,  distributed  through  the  day  in 
such  a  manner  that  the  temporary  filling  of  the  vessels  due  to  the  increase 
in  fluid  taken  up  by  the  tissues  is  never  very  great;  if  he  is  not  conscious 
of  any  stimulating  effect  of  the  alcohol  on  his  heart,  why  should  he  be 
denied  his  customary  glass  of  wine,  especially — and  this  must  not  be 
forgotten — as  it  diminishes  nitrogen  waste  in  the  body.  Really,  it 
would  be  difficult  to  find  a  reason  for  subjecting  him  to  such  a  de- 
privation. 

It  is  to  be  remembered  that  in  these  cases  one  usually  has  to  deal 
with  habits  of  living  and  eating  to  which  the  patient  has  been  accustomed 
for  years  and  that  any  change  demands  a  certain  adaptability  on  the  part 
of  the  organs. 

*  ''Handbuch  der  allgemeinen  Therapie  der  Kreislaufstdrungen/'  Leipzig,  F.  C. 
Vogel,  p.  142  et  aeq,  of  the  fourth  edition  (1891). 
10 
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The  loss  in  calories  caused  by  the  withdrawal  of  a^lcohol  can  only  be 
made  good  by  giving  more  fat  or  carbohydrates,  and  the  assimilation  of 
these  substances  under  all  circumstances  necessitates  a  greater  amount 
of  digestive  work  on  the  part  of  the  body  than  is  required  for  the  assimila- 
tion of  alcohol. 

But  a  more  important  consideration  is  that  an  individual  who  is 
suddenly  deprived  of  his  accustomed  quantity  of  wine  suffers  from 
disturbed  appetite,  anorexia,  not  infrequently  insomnia,  and  prac- 
tically always  some  depression;  and  as  a  heart  patient  is  naturally 
inclined  to  be  low-spirited,  why  should  this  tendency  be  unnecessarily 
increased? 

It  need  hardly  be  said  that  no  sensible  person  will  approve  of  taking 
large  quantities  of  ^Icohol  from  morning  till  night,  especially  in  a  con- 
centrated form,  even  if  the  individual  has  been  accustomed  to  such  a 
mode  of  life;  but  there  is  a  wide  difference  between  permitting  such 
immoderate  indulgence  and  forbidding  alcohol  altogether.  Oertel's 
teaching  is  largely  responsible  for  the  length  to  which  men  have  recently 
gone  in  forbidding  the  use  of  alcohol,  forgetting  that  Oertel's  prescrip- 
tions were  based  on  what  he  had  seen  among  people  who  daily  drank 
excessive  quantities  of  beer,  which  was  quite  a  different  matter. 

The  same  rules  apply  to  cojfee,  tea,  and  cocoa  as  to  alcoholic  beverages. 
Strictly  speaking,  they  stimulate  the  heart  even  more  powerfully,  and 
the  stimulating  effect  does  not  disappear  with  habituation  to  the  same 
extent  as  in  the  case  of  alcohol.  It  is,  therefore,  necessary,  in  regulating 
a  patient's  mode  of  life,  to  lay  an  embargo  on  strong  tea  or  coffee. 

In  the  matter  of  tobacco  I  am  guided  by  the  same  principles.  There 
is  no  doubt  that  the  weed  is  capable  of  doing  a  heart  patient  great  harm. 
In  the  case  of  immoderate  smokers  who,  for  some  reason,  have  developed 
heart  disease  it  is  not  infrequently  observed,  at  least  so  far  as  an  opinion 
may  be  expressed  at  all,  that  their  condition  progresses  more  rapidly 
than  in  the  case  of  non-smokers  with  an  equally  severe  form  of  the  disease. 
I  am  distinctly  of  the  opinion  that  the  *' nervous"  symptoms  which  may 
go  on  to  attacks  of  angina  pectoris,  and  which  must  undoubtedly  be 
attributed  to  the  abuse  of  tobacco,  are  more  severe  in  this  class  of  patients 
and  have  a  more  powerful  effect  on  the  heart. 

Whether  the  excessive  use  of  tobacco  alone  suffices  to  produce  cardiac 
weakness  beyond  what  belongs  to  the  domain  of  neurosis,  I  am  prepared 
neither  to  affirm  nor  to  deny.  It  seems  to  me  difficult,  if  not  impossible, 
to  decide  the  question  because  many  excessive  smokers  at  the  same  time 
indulge  in  other  excesses  which  threaten  the  integrity  of  the  heart;  they 
eat  and  drink  too  much,  work  too  hard,  and  expose  themselves  to  mental 
and  emotional  overexertion.  In  the  presence  of  such  complicated  con- 
ditions I  reserve  my  judgment.  For  the  same  reasons  that  I  refuse  to 
forbid  alcohol  altogether  I  am  not  ready  to  admit  that  a  smoker  who  is 
suffering  from  heart  disease  must  be  forbidden  to  use  tobacco. 

One  thing  more  should  be  pointed  out  in  this  connection.  Quite  apart  from  the 
effects  of  tobacco  smoke  itself,  tnere  are  smokers  who  injure  their  stomachs  by  chewing 
the  ends  of  their  cigars  and  thus  absorbing  the  products  of  dry  distillation  from  the 
end  of  the  cimr  or  possibly  from  a  foul  pipe.  This  is  bound  to  lead  to  a  genuine  in- 
flammation of  the  stomach  and  all  its  evil  consequences.  This  practice  must,  there- 
fore, be  avoided;  and  if  the  patient  is  unable  to  break  himself  of  the  bad  habit  he 
must  be  made  to  give  up  smoking  altogether. 

If  smoking  causes  severe  plmryngeal  catarrh  with  considerable  cough  or  even 
retching  and  possibly  vomiting  in  a  heart  patient,  it  must  be  given  up  altogether. 
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The  bad  effects  of  taking  snuff  are  not  always  sufficiently  appreciated. 
Personally  I  am  inclined  to  believe  that  snuff-taking  is  almost  more  harm- 
ful thim  smoking.  The  snuff-taker  always  swallows  a  certain  quantity 
of  finely  powdered  tobacco.  A  glance  into  the  throat  will  show  the  black 
lines  and  spots  extending  far  down  into  the  pharynx.  It  would  be  very 
remarkable  under  these  circumstances  if  none  of  the  ^nuff  got  into  the 
esophagus  and  stomach,  where  it  undergoes  maceration  and  causes 
local  irritation  of  the  mucous  membrane.  Hence  the  local  effect  of 
snuff  is  added  to  the  constitutional  effect — the  introduction  into  the 
body  of  nicotin,  which  is  present  in  snuff  in  considerable  quantities,  and 
one  who  is  addicted  to  the  habit  consumes  a  good  deal  of  his  favorite 
weed. 

I  have  never  seen  even  the  most  inveterate  smoker  continue  to  smoke 
when  he  feels  ill,  but  with  snuff-taking  it  is  very  different.  I  have  often 
seen  a  patient  continue  to  take  snuff  while  suffering  from  pneumonia, 
for  example. 

It  seems  to  me,  therefore,  that  snuff-taking  should  be  more  strictly 
prohibited  in  cases  of  heart  disease  than  smoking. 

Rest  and  Exercise. — The  question  how  much  exercise  a  heart  patient 
may  be  allowed  is  an  important  one.  Under  some  circumstances  abso- 
lute rest  in  bed  is  imperatively  demanded,  as  when  the  strength  of  the 
heart  has  been  reduced  to  such  a  point  that  it  only  just  suffices  to  main- 
tain the  circulation  necessary  for  the  continuance  of  life.  The  heart 
is  unable  to  meet  any  extra  demand,  as  shown  by  the  d3^pnea  and 
the  marked  degree  of  anxiety  which  are  brought  on  by  the  slightest 
exertion. 

The  question  of  nursing  is  often  a  very  difficult  one  in  this  stage  of 
heart  disease.  These  patients  require  the  most  careful  nursing  to  guard 
them  from  bed-sores  and  ulcerations  of  the  skin.  When  it  is  possible, 
much  can  be  done  to  add  to  the  patient's  comfort  by  allowing  him  to  sit 
in  a  comfortable  chair  for  a  time.  But  to  effect  the  change  in  position 
without  causing  too  much  discomfort,  especially  when  the  patient  is 
dropsical,  requires  strong  and  practised  arms.  Whether  the  patient 
sits  up  in  a  chair  or  in  bed,  he  must  be  made  as  comfortable  as  possible 
with  the  aid  of  pillows  and  pads.  It  is  hardly  necessary  to  say  that 
heart  patients  must  be  guarded  against  any  loss  of  body-heat;  unfor- 
timately,  this  is  not  always  easy,  because  the  patient  cannot  tolerate 
anything  heavy  on  the  chest  on  account  of  the  interference  with  the 
respiratory  movements. 

In  less  advanced  cases  the  physician  must  decide  when  and  to  what 
extent  the  work  of  the  heart  may  be  increased  for  the  purpose  of  stimu- 
lating and  strengthening  the  organ.  In  the  well-chosen  words  of  Hoff- 
mann: "When  must  absolute  rest  cease  and  exercise  begin?"  In  my  own 
opinion  one  general  rule  may  be  definitely  stated:  so  long  as  the  dimin- 
ished action  of  the  heart  is  associated  with  general  symptoms  pointing 
to  an  infection  localized  in  the  heart,  absolute  rest  is  indicated.  In  order 
to  arrive  at  a  positive  opinion  in  these  rather  frequent  cases,  the  tem- 
perature ought  to  be  studied  more  accurately  than  is  generally  done.  I 
shall  return  to  this  point  later. 

If  there  is  fever  due  to  some  cause  not  immediately  connected  with 
the  heart;  if  there  is  bronchial  catarrh  of  any  severity,  a  prudent  phy- 
sician will  always  order  the  patient  to  bed  while  the  condition  lasts, 
even  if  the  weak  heart  does  not  appear  to  be  involved  in  the  morbid 
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process.  The  less  the  functional  capacity  of  the  diseased  heart,  the 
more  must  rest  in  bed  be  enforced.  Even  a  slight  disturbance,  such 
as  an  attack  of  indigestion,  diarrhea,  and  the  like,  must  be  taken 
seriously.  Much  good  may  be  accomplished  by  observing  these  precau- 
tions. 

In  the  main  there  is  unanimity  of  opinion  on  these  points.  It  is 
also  generally  admitted  that  the  question  whether  the  patient  may  be 
allowed  to  exercise  or  must  be  kept  at  rest  is  determined  in  part  by  the 
cause  of  the  cardiac  insufficiency — the  form  due  to  overexertion  and  the 
"beer-heart"  being  taken  as  the  two  extremes.  It  is  also  generally  ad- 
mitted that  when  any  changes  in  the  valves  and  in  the  orifices  are  present, 
their  seat  and  extent  must  be  given  full  consideration.  Stenosis  at  the 
orifice  of  the  pulmonary  artery  does  not  demand  the  same  precautions 
as  insufficiency  of  the  semilunar  valves  of  the  aorta;  we  only  mention 
these  two  extremes  to  show  that  the  mechanic  disturbances  in  the  valves 
and  orifices  of  the  heart-pump  cannot  be  altogether  left  out  of  considera- 
tion. Riegel*  was  quite  right  when  he  emphasized  these  matters  in  his 
monograph  on  "Chronic  Diseases  of  the  Heart  Muscle  and  Their  Treat- 
ment." 

The  question  is  not  so  much  "whether,"  as  "when  and  how  much," 
exercise  should  be  prescribed,  and  this  question  must  be  decided  by 
actual  trial.  In  judging  the  individual  case  it  must  be  remembered  that 
the  heart  is  constantly  in  a  condition  of  impaired  efficiency  as  compared 
with  the  normal,  and  this  condition  can  be  improved  only  by  avoiding 
every  kind  of  overexertion.  If  that  can  be  done,  the  strength  may  be 
increased  by  improving  the  nutrition  of  the  heart,  and  thus  gradually 
increasing  the  activity  of  the  muscle-fibers. 

In  carrying  out  the  exercises  designed  to  accomplish  this  end  care 
is  necessary  to  see  that  the  number  of  cardiac  contractions  does  not  ex- 
ceed a  certain  maximum;  in  other  words,  the  period  of  rest  or  diastole 
must  not  be  shortened. 

Liebermeistert  suggests  that  a  patient  who  has  been  ordered  to  exercise  for  the 
purpose  of  strengthening  his  heart,  and  who  perhaps  does  not  sufficiently  head  the 
subjective  sensations  of  palpitation  and  increased  need  of  air,  be  enjoined  to  rest  as 
soon  as  he  finds  that  his  pulse  exceeds  90  or  at  most  100  beats  in  a  minute. 

This  is  a  ver^  good  suggestion,  particularly  as  a  patient  who  is  constantly  ob- 
serving his  pulse  IS  by  that  very  act  forced  to  go  slowly. 

Long  ago  certain  eminent  physicians  (Stokes,  Traube)  taught  that 
the  question  of  exercise  must  be  considered  in  the  treatment  of  heart 
patients;  but  it  is  only  lately  that  the  procedure  has  been  systematized 
and  combined  with  other  measures.  These  special  procedures  call  for 
a  fuller  description. 

Oertel's  Method.^ — This  consists: 

1.  In  a  diet  suitable  to  the  patient's  condition. 

2.  In  exercise  suitable  to  the  patient's  condition  (Terraincur). 

*  "  Verhandlungen  des  Congresses  fUr  innere  Medicin,"  Bd.  vii  (1888),  S.  67. 

t  "Krankheiten  der  Bnistorgane,"  Bd.  iv  der  Vorlesungen,  Leipzig,  F.  C.  W. 
Vogel,  1891.  S.  425. 

t  Oertel,  "Therapie  der  Kreislaufstdrungen,''  v.  Ziemssen's  "Handbuch  der 
allgemeinen  Therapie,"  Bd.  iv,  1.-4.  Auflage,  1884-1891.  "Therapeutische  Monats- 
hefte,"  1887  and  1888.  "  Verhandlungen  <fes  Congresses  fQr  innere  Medicin,"  Bd.  vii 
(1888).  V.  Leyden's  ^'Handbuch  der  Emahrungstherapie  und  Diatetik,"  Bd.  ii,  1,  S. 
55  ff.  J.  Bauer,  ''Allgemeine  Behandlung  der  Kreislaufstdrungen,"  Pentzold-Stint- 
zing's  "Handbuch,"  Bd.  iii. 
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In  regard  to  the  diet  of  heart  patients,  Oertel  starts  out  with  a  theory 
which  has  only  been  partly  substantiated.  He  assumes  that  the  blood 
is  diluted  and  its  total  mass  is  increased. 

The  latter  has  never  been  proved  (compare  p.  98),  and  the  degree  of 
dilution  of  the  blood  in  low  grades  of  cardiac  insufficiency  is  a  question 
that  must  be  decided  in  each  individual  case.  By  far  the  greater  number 
of  investigations  were  made  on  hospital  patients  in  an  advanced  stage 
of  heart  disease,  whose  nutrition  probably  was  not  good  in  the  first 
place. 

Oertel's  object  is  to  diminish  the  quantity  of  blood  and  at  the  same 
time  to  increase  its  concentration. 

In  addition  to  this,  he  seeks  not  only  to  reduce  the  hydremia,  but 
also  to  diminish  the  percentage  of  fat  and  to  raise  the  percentage  of 
albumin  in  the  body. 

Since  obesity  occurs  only  in  a  certain  proportion,  and,  when  all  is  said,  a  small 
proportion  of  heart  patients,  Oertel's  treatment  must  be  limited  to  that  small  pro- 
portion. 

This  was  clearly  stated  by  Oertel  himself  from  the  very  beginning;  but  the  point 
is  frequently  overlooked,  and  the  criticism  brought  to  bear  on  his  teachings  has, 
therefore,  not  always  been  quite  fair. 

For  the  purpose  of  defining  the  indications  for  interference  in  an  in- 
dividual case  Oertel  employs  the  procedure  which  he  has  called  ''differ- 
ence-determination" (Differenzbestimmung). 

The  patient  continues  to  live  exactly  as  he  had  been  in  the  habit  of  living  for  two 
days,  duringwhich  time  the  fluid  ingested  and  the  urine  excreted  are  accurately 
measured.  During  the  succeeding  two  days  the  quantity  of  fluid  ingested  is  con- 
siderably diminished,  while  the  amount  of  solid  food  remams  the  same;  the  ingested 
fluid  ana  that  excreted  by  the  kidneys  is,  of  course,  measured  as  before. 

The  calculation  is  made  by  subtracting  the  smaller  number  from  the  larger,  and 
the  result  is  indicated  by  prefixing  the  sign  plus  or  minus.     For  example : 

First  and  second  day: 

Fluid  ingested,  8000  grams;  urine  excreted,  5000  grams.     Result,  —  3000  grams. 

Third  and  fourth  day: 

Fluid  ingested,  3000  grams;  urine  excreted,  4000  grams.     Result,  +  1000  grams. 

The  question  is  whether  the  difference-determination  is  a  sufficiently 
accurate  indication  of  the  amount  of  water  contained  in  the  human  body? 

First  in  regard  to  the  quantity  ingested? 

Oertel  uses  the  figures  contained  in  Pettenkofer  and  Voit's  work  on 
metabolism.*  To  this  there  is  no  objection.  With  one  exception  the 
experiments  are  performed  on  the  same  individual,  and  I  shall,  therefore, 
confine  myself  to  the  figures  obtained  from  that  individual. 

First  we  must  inquire  whether  it  is  justifiable,  in  calculating  the 
amoimt  of  water  ingested,  to  neglect  the  water  contained  in  the  solid  food. 
The  answer  to  this  question  will  be  found  in  the  adjoining  table,  which 
I  have  constructed  from  the  numbers  contained  in  the  original. 

It  appears  from  this  table  that  the  figures  which  indicate  the  per- 
centage of  water  in  the  solid  food  are  so  nearly  constant  that,  for  purely 
practical  purposes,  such  as  Oertel  had  in  mind,  they  may  be  excluded; 
for  the  total  exclusion  of  nitrogen  from  the  diet,  as  in  experiment  XII; 
need  not  be  considered  in  the  present  discussion: 

♦  "Untersuchungen  Qber  den  Stoffverbrauch  des  normalen  Menschen,"  "Zeit- 
achrift  fOr  Biologic,'^  Bd.  ii  (1866),  S.  459  ff. 
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NuMBEB  OF  Experiment. 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIV 

Total  quantity  of 

fluid  ingested.. . 

2066 

2386 

1852 

2692 

2267 

3705 

3683 

1475 

1770 

Proportion  of  the 
aoove  contained 

in  the  solid  food. 

333 

359 

374 

332 

352 

676 

656 

68 

318 

Amount   of   water 

contained  in  the 

solid    food    ex- 

pressed  in   per- 

centage   of    the 

whole 

16.1 

15.0 

20.2 

12.3 

15.6 

18.3 

17.8 

4.6 

Non-Ni- 

17.7 

Ordinary 

Ordinary 

Albuminous 

Ordinary 

Diet,  Resting. 

Diet,  Work- 

Diet, Rest- 

trogen- 
ous Diet, 

Diet 

ing. 

ing. 

taken  in 

Resting. 

two 

meals, 

Resting. 

The  same  thing  applies  to  the  quantity  of  water  contained  in  the  feces 
when  the  output  is  calculated. 

But  what  about  the  amount  of  water  eliminated  through  the  skin 
and  lungs  as  compared  with  the  water  excreted  through  the  kidneys? 

I  give  an  analysis  of  the  experiments  performed  by  Pettenkofer- 
Yoit.  In  this  table  the  amount  excreted  through  the  kidneys  is  taken 
.as  the  standard  (100),  and  the  water  eliminated  through  other  organs 
of  the  body,  with  the  exception  of  that  which  is  lost  in  the  feces,  is 
compared  with  this  standard.  The  table  includes  the  starving  experi- 
ments, which  were  omitted  from  the  preceding: 


Number  op  Experiment. 

I 
100 

Ill 
100 

IV 
100 

V 

100 

VI 
100 

VII 
100 

VIII 
100 

IX 
100 

X 

100 

XI 
100 

XII 

XIV 

Quantity  of  urine 

100 

100 

Quantity  of  water 

eliminated 

through    the 
skin  and  lungs. 

116 

94.3 

283 

64.8 

95.6 

73.5 

183 

118 

50 

55 

111 
Non- 

97 

Starva- 

Ordinary 

Ordinary 

Albumin- 

Ordin- 

tion, 

^g" 

Diet, 

Diet, 

ous  Diet, 

Nitro- 

ary 

Resting. 

Resting. 

Working. 

Resting. 

genous 
Diet, 

Diet 
taken 

Rest- 

in two 

CQ' 

ing. 

meals, 
Rest- 
ing. 

Here  we  find  considerable  differences  in  the  figures.  The  greatest  dif- 
erence  is  observed  on  comparing  the  resting  with  the  working  body.  This 
is  only  natural,  since  the  evaporation  of  water  through  the  lungs  and  skin  is 
much  more  active  when  the  individual  is  working  than  when  he  is  at  rest. 
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The  character  of  the  diet  is  not  without  considerable  influence.  On 
an  albuminous  diet  much  more  water  is  excreted  by  the  kidneys  than  by 
the  skin  and  lungs.  It  is  possible  that  in  these  experiments  the  large 
quantity  of  beer,  2.76  liters  per  day,  is  chiefly  responsible  for  the  increas^ 
amount  of  water  excreted  through  the  kidneys. 

But  aside  from  these  fluctuations,  which  are  due  to  recognizable  causes, 
we  observe  other  differences  too  great  to  be  neglected  and  for  which  no 
cause  can  be  discovered  (for  example,  experiments  V  and  VI). 

Oertel*  gives  a  table  showing  his  difference-determinations  on  the 
man  who  was  the  subject  of  the  Pettenkofer-Voit  experiments.  I  have 
calculated  the  difference-determinations  from  the  figures  given  in  a  some- 
what different  form,  taking  as  a  basis  the  actual  percentage  of  water  in 
the  liquid  ingested  and  of  the  urine.  In  experiment  IV  Oertel  made 
a  mistake  in  calculation,  but  otherwise  the  differences  are  very  small, 
as  may  be  taken  for  granted. 


Number  op 

EXPERI- 

QUANTITT 

OF  Water 
Ingbbtbd 

OF  Urine 

Difference 

BETWEEN 
THE  Two. 

Difference 

EXPREBSED 

IN  Per- 
centage. 

Diet  and  Occupation. 

in  twenty-four  hours. 

I 

1028 
987 
1978 
1683 
2025 
1479 
2360 
1905 
3129 
3027 
1407 

1351 

1147 

863 

746 

1279 

1056 

1303 

1116 

1194 

1882 

2205 

832 

1103 

+    119 

—  124 

—  1232 

—  404 

—  969 

—  176 

—  1244 

—  711 

—  1247 

—  822 

—  575 

—  248 

+  11.2 

—  12.6 

—  62.3 

—  24.0 

—  47.9 

—  11.9 

—  52.7 

—  37.3 

—  39.6 

—  27.2 

—  40.9 

—  18.4 

\  Starvation,  resting. 

Starvation,  working. 

Ordinary    diet,    rest- 
j      ing. 

i  Ordinary  diet,  work- 

/      ing. 

\  Albuminous  diet,  rest- 

Non-nitrogenous    diet, 

resting. 
Ordinary  diet  taken  in 

two  meals,  resting. 

m 

IV 

V 

VI 

VII 

VIU 

IX 

X 

XI 

XII 

XIV 

The  environment  of  the  subject  was  practically  uniform  as  long  as 
each  experiment  lasted.  On  the  individual  days  of  the  experimental 
period  the  diet  was  practically  the  same;  changes  in  the  quantity  of  fluid 
ingested  are  indicated  in  the  table. 

In  spite  of  this,  enormous  differences  are  observed  in  the  results  of 
the  individual  days  of  the  same  experimental  period. 

Take,  for  example,  experiments  V-VII.  Here  the  difference-deter- 
minations, completed  after  Oertel,  show  a  variation  of  more  than  400 
per  cent,  while  the  difference  in  the  quantity  of  water  ingested  is  only 
25  per  cent.  I  believe  any  one  who  will  examine  the  figures  impartially 
will  be  convinced  that: 

In  the  case  of  a  healthy  individual  OerteVs  difference-determinations 
are  not  applicable;  they  are  absolutely  valueless  for  determining  the 
quantity  of  water  contained  in  the  body.  Hence  the  standard  [mean — 
Ed.]  relation  laid  down  by  Oertel  between  the  urine  evacuated  and  the 
fluid  ing^ted,  namely  from  20  to  30  per  cent,  less  urine  than  ingested 
fluid,  which  he  deduced  from  numerous  experiments  on  healthy  indi- 
viduals, is  of  no  value  either. 

♦  "Handbuch,"  S.  65  der  4.  Auflage. 
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How  do  the  figures  apply  in  cases  of  cardiac  insufficiency? 

Oertel*  divides  them  into  three  groups: 

1.  Cases  in  which  he  assumes  the  existence  of  serous  plethora.  This 
he  asserts  is  associated  with  the  accumulation  of  large  quantities  of  water 
in  the  tissues,  even  in  the  absence  of  true  cutaneous  edema.  "The 
patients  present  a  spongy,  bloated  appearance;  the  complexion  is  pale 
and  sallow;  the  visible  mucous  membranes  are  pale  or  present  a  faintly 
livid  redness."  The  condition  is  due  to  the  copious  ingestion  of  solid 
and  liquid  food,  especially  the  latter  (including  even  water).  "If  there 
is  no  actual  disease  of  the  kidneys  and  the  strength  of  the  heart  is  not  too 
greatly  impaired,  restriction  of  the  fluid  is  followed  by  a  considerable 
increase  in  the  urinary  secretion." 

The  table  (see  below)  shows  that  this  was  true  in  four  cases  reported 
by  Oertel.  Unfortunately,  the  patient's  body-weight  is  not  given;  for 
it  would  indicate  whether  he  was  in  the  habit  of  drinking  large  quantities 
of  fluid. 


I.  Before  Rbstrictinq 
Ingbbtion  of  Fluid. 

II.  During  the  Restriction 

Number 
OF  Days 

UNDER 

Obser- 
vation. 

Number  of  Experi- 
ment, Age  and  Sex 
OF  THE  Patient, 

Daily 
Inges- 
tion OF 
Fluid. 

Daily 
Excre- 
tion OF 
Urine. 

More  or 
Less 
Urine 

than 

Fluid 

Inoested. 

Daily 
Inges- 
tion OF 
Fluid. 

Daily 
Excre- 
tion OP 
Urinb. 

More  or 
Less 
Urine 

THAN 

Fluid 
Ingested. 

Cubic  Centimeters. 

I. 

II. 

1.  Female,    aged    fifty- 
two.     Marked  Bcolioos 
and  cardiac  hypertro- 
phy, failure  of  com- 
pensation. 

2.  Male,  aged  fif tv.    In- 
sufllciency  of  the  aor^ 
tic  valves;  aneurysmal 
diUtation  of  the  arch. 

3.  Male,  aged  sixty.  Em- 
phyeema,   cardiac  hy- 
pertrophy, pronounced 
staas. 

4.  Female,   aged   sixty- 
eight.     Obesity:   fatty 
heart,   fatty  degjener- 
ation     of     the    heart 
muscle;  stasis;  edema. 

1440 
1468 
1840 
1568 

1075 
1220 
1530 
1264 

—.374 
Maximum 
fluctua- 
tions. 

—  70 

—  ?67 

—  248 

fluctua- 
tions. 

—  ISO 

—  370 

—  310 
Maximum 

fluctua- 
tions. 

—  60 

—  560 

—  304 
Maximum 

fluctua- 
tions. 

—  230 

—  280 

657 
750 
850 
846 

809 
056 
1188 
1088 

+  152 
Maximum 
fluctua- 
tions. 
+  60 
+  285 

+  .206 

fluctua- 
tions. 
+  70 
+  400 

+  338 
Maximum 
fluctua- 
tions. 
+  200 
+  600 

+  242 
Maximum 
fluctua- 
tions. 
+  40 
+  539 

6 
6 
2 
2 

15 
27 

4 
8 

In  fact,  this  does  not  appear  to  have  been  the  case.  It  would  also 
enable  us  to  determine  the  effect  on  the  body-weight  of  restricting  the 
quantity  of  fluid  ingested. 

II.  Gases  with  considerable  damage  to  the  circulatory  apparatus 
— valvular  lesions  and  imperfect  compensation — in  which,  however, 
the  functional  condition  of  the  kidneys  is  fairly  good  and  there  has  been 

♦  Compare  "Handbuch,"  p.  71  et  aeq. 
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no  excessive  ingestion  of  fluid.  This  group  also  includes  cases  of  valvu- 
lar lesions  with  beginning  disturbance  of  compensation,  in  which  the 
venous  apparatus  is  decidedly  overloaded,  as  indicated  by  the  stasis, 
but  in  which  there  is  no  increase  of  the  quantity  of  water  in  the  body. 

"  Restricting  the  quantity  of  fluid  ingested  is  not  followed  by  any 
increase  in  the  excretion  of  urine;  on  the  contrary,  the  minus  of  the  urine 
is  not  infrequently  relatively  large." 

I  subjoin  a  short  review  of  the  facts  in  the  case  reported  by  Oertel 
(No.  3).  It  is  a  case  of  mitral  insufficiency  "with  rather  advanced  dis- 
turbance of  compensation"  in  a  man  forty-eight  years  of  age. 


I.  March  1-4. 

II.  April  6-10. 

III.  May  11-14. 

IV.  June  6-8. 

V.  June  23-26. 
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Cubic  Centi- 

Co  BIG  CbNTX- 

Cubic  Cbnti- 

Cubic  Centi- 

Cubic  Cenh- 

METERB. 

METEBB. 

METER8. 

IfETERS. 

lOOO 

928 

—  72 

io8o 

1004 

—  76 

995 

1007 

+  12 

1300 

873 

—427 

1250 

963 

—267 

* 

fluctaations  on 

+  60 

+  90 

+  130 

—160 

+  130 

the  individual 

days  of  the 

aeries. 

—200 

—620 

—  60 

—580 

—600 

The  difference  between  these  cases  and  those  of  the  first  group  is 
that  the  urine  column  constantly  shows  a  deficit  when  the  individual 
portions  of  the  experimental  period  are  viewed  as  a  whole.  The  diminu- 
tion is  greater  during  the  period  when  more  fluid  is  ingested,  but  does 
not  appear  to  bear  any  direct  relation  to  the  ingestion  of  fluid. 

As  the  body-weight  is  not  given,  it  is  useless  to  speculate  on  the  cause. 
The  ingestion  of  fluid  was  by  no  means  large,  the  average  for  the  entire 
series  being  only  1125  c.c.  a  day;  nor  is  it  possible  to  estimate  the  effect 
of  the  ingestion  of  fluid  on  the  patient  because  the  body-weight  is  not 
known. 

III.  "Owing  to  severe  circulatory  disturbances,  the  result  of  various 
diseases  of  the  heart  muscle  and  their  complications  with  valvular  lesions, 
disturbances  of  compensation  and  diseases  of  the  kidneys  with  progres- 
sive diminution  of  the  urinary  secretion,  there  has  been  a  copious  effusion 
of  serous  fluid. 

"  Depending  on  the  condition  of  the  kidneys  and  the  strength  of  the 
heart,  restriction  of  the  quantity  of  fluid  ingested  in  these  cases  is  followed 
either  by  an  increase  in  the  amount  of  urine  excreted,  which  may  be  quite 
marked,  or  by  a  proportionate  reduction,  the  quantity  of  urine  indicating 
more  or  less  actual  deficit." 

The  following  table  (p.  154)  shows  the  calculation  based  on  Oertel's 
figures.  It  shows  considerable  differences  in  individual  cases.  Never- 
theless it  is  doubtful  whether  an  individual  who  evacuates  more  than 
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two  liters  of  urine,  as  in  case  1,  can  be  said  to  be  suffering  from  cardiac 
failure  in  the  ordinary  sense  of  the  word,  even  though  there  be  considera- 
ble edema.  It  is  probable  that  in  this  case  we  have  to  deal  with  the 
special  form  of  cardiac  disturbance  which  has  been  described  on  another 
page  (p.  69  et  seq.).  This  is  further  shown  by  the  fact  that  the  patient, 
about  five  weeks  after  treatment  had  been  begun,  "climbed  a  fairly 
high  mountain  in  an  hour  without  fatigue,"  as  Oertel*  reports.  The  two 
other  cases,  in  spite  of  the  fact  that  the  fluid  was  restricted,  constantly 
show  a  certain  diminution  in  the  quantity  of  urine  excreted. 

I  cannot  see  any  advantage  in  adhering  to  this  classification.  None 
of  the  groups  is  susceptible  of  being  sharply  defined,  so  that  the  classifica- 
tion can  be  of  no  advantage  in  actual  practice. 

All  things  considered,  it  must  be  conceded  that  restricting  the  inges- 
tion of  fluid  may  have  a  favorable  effect  on  cardiac  weakness,  but  the 
question  must  be  tested  in  every  individual  case.  It  is  shown  by  the 
marked  fluctuations  in  the  quantity  of  urine  excreted  on  different  days — I 
have  indicated  the  maximum  amounts  in  the  tables — that  certain  other 
factors  of  which  we  know  nothing  whatever  are  also  operative.  It  is  well 
taiown  that  such  variations  in  the  excretion  of  the  urine  occur  in  cardiac 
weakness  even  in  the  absence  of  any  kind  of  treatment. 


I.  Before  the  Restriction 
OF  Fluid. 

II.  During  the  Restriction 
OF  Fluid. 

Number  or  Experi- 
ment; Agb  and  Sex 
OF  THE  Patient; 
Diagnosis. 

AmovUt 

^^ 
Fluid 

In- 
gested 

PER 

Day. 

Urin- 
ary 
Excre- 
tion 

PER 

Day. 

Excess  or 

Deficit 

of  Urine. 

Amount 

OF 

Fluid 

In- 
gested 

PER 

Day. 

Urin- 
ary 
Excre- 
tion 

PER 

Day. 

Excess  or 

Deficit 

OF  Urine. 

Number 
OF  Days 

UNDER 

Obser- 
vation. 

Cubic  Centimeters. 

Cubic  Centimeters. 

I. 

II. 

1.  Male,  aged  sixty-four 
vears.      Insufficiency; 
hypertrophy  and  dila- 
tation;    fatty    degen- 
eration  of    the  heart 
muscle;  moderate  obe- 
sity:    marked    edema 
of  the  lower  extremi- 
ties and  of  the  scro- 
tum. 

2.  Male,  aged  fifty-four 
years.     Chronic   myo- 
carditis; hypostatic  al- 
buminuria (Stauungs- 
albuminurie);  edema. 

8.  Male,  aged  thirty-six 
years.    Insufficiency  of 
the  mitral  valve;  com- 
plete rupture  of  com- 
pensation;     albumin- 
uria, edema. 

2265 
2000 
1200 

2125 
1315 
420 

—  140 
Maximum 

fluctua- 
tions on 
the  indi- 
vidual 
days  of 
the  period. 

—  685 
Maximum 

fluctua- 
tions on 
the  in- 
dividual 
days  of 
the  period. 

—  640 

—  830 

—  780 
Maximum 

fluctua- 
tions on 
the  in- 
dividual 
days  of 
the  period. 
+  0 
—  0 

737 
8Q3 
871 

1587 
470 
394 

+  850 
Maximum 
fluctua- 
tions on 
the  indi- 
vidual 
days  of 
the  period. 
+  460 
+  1260 

—  423 
Maximum 

fluctua- 
tions on 
the  in- 
dividual 
days  of 
the  period. 
-^200 

—  360 

—  477 
Maximum 

fluctua- 
tions on 
the  in- 
dividual 
days  of 
the  period. 

—  310 

—  450 

1 
2 
2 

31 
6 
5 

*Loc.  cit.,  p.  83. 
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There  is  no  doubt  that  Oertel  deserves  great  credit  for  having  pointed 
out  the  importance  of  controlling  the  ingestion  of  fluid  in  the  treatment 
of  those  suffering  from  heart  weakness.  But  his  theories  may  be  allowed 
to  rest  on  their  own  foimdations. 

It  is  probable  that  we  shall  soon  zain  some  fresh  insight  into  the  question  of 
utilizing  the  introduction  of  water  into  the  body  for  therapeutic  purposes. 

Working  with  the  methods  of  the  present  day,  Denni^  publish^  a  series  of  ex- 
periments which  show  what  a  marked  effect  can  be  produced  by  withdrawing  con- 
siderable quantities  of  water  from  the  body.  A  noteworthy  feature  is  the  marked 
difference  observed  in  this  respect  in  different  individuals. 

So  far  as  one  may  judge  by  these  recent  experiments  and  by  older  ones  of  minef 
carried  out  with  inadequate  methods,  it  is  absoluteW  necessary  to  exercise  the  most 
careful  control  in  withdrawing  large  quantities  of  fluid.  Unless  plenty  of  water  is 
stored  up  in  the  tissues,  one  cannot  be  sure  that  the  procedure  will  not  be  followed 
by  injurious  results.  If  there  is  a  deficiency,  there  is  some  danger  of  causing  more 
or  less  tissue  loss  and,  not  least  of  all,  loss  of  organized  albumin. 

Oertel  also  insists  that,  if  the  heart  patient  is  overburdened  with  fat, 
he  should  be  retieved  of  a  corresponding  amount.  Such  a  procedure  is 
undoubtedly  perfectly  justifiable,  as  an  excess  of  body  fat  overloads 
the  heart;  but  it  is  impossible  to  say  how  much  fat  is  removed  from  the 
surface  or  the  tissue  of  the  heart  during  a  denutrition  cure.  Nevertheless, 
i«rhile  the  removal  of  fat  from  the  heart  itself  would  be  a  very  great  ad- 
vantage, reduction  of  the  adipose  tissue  of  the  entire  body  in  itself  is 
itiso  most  beneficial. 

It  is  unnecessary  to  enter  in  detail  into  Oertel's  explanations  of  his 
method.  Our  knowledge  of  metabolism  and  the  manner  in  which  it 
may  be  influenced  for  therapeutic  purposes  has  made  considerable  progress 
since  his  day.  The  stereot3rped  methods  of  Banting,  Ebstein,  and  the 
like  can  no  longer  be  followed  in  ordering  a  denutrition  cure:  every  indi- 
vidual case  must  be  approached  with  a  full  understanding  of  the  entire 
question  and  the  realization  that  he  represents  a  special  problem. 

This  problem  is  the  more  difficult  in  heart  patients  because,  while 
the  body-fat  must  be  reduced,  the  nitrogen-balance  must  be  preserved 
and,  indeed,  the  percentage  of  albumin  increased,  if  necessary.  That 
this  is  possible  has  been  shown  by  investigations.^ 

We  now  come  to  the  other  part  of  OertePs  method:  exercises  suited 
to  the  conditions  of  the  heart  patient — "  Terraincur." 

The  data  necessary  for  judging  an  individual  case  are  obtained  by 
noting  the  mediate  and  immediate  influence  on  the  work  of  the  heart  of 
muscular  exercise. 

It  is  not  necessary  to  mention  each  detail  of  the  investigation;  it 
will  be  enough  to  refer  to  the  result  as  a  whole.  We  know  that  muscular 
exercise  causes  an  acceleration  of  the  heart-beat  and  usually  also  an 
increase  of  the  arterial  pressure,  which  is  accompanied  by  strengthening 
of  the  respiration.    The  combined  effect  of  these  factors  on  the  heart 

*"Die  Bedeutung  der  Wasserzuf uhr  fttr  den  Stofifwechsel  und  die  Ernahrung  des 
Menschen/'  "Zeitschrift  fUr  diatetische  und  physikalische  Therapie,"  Bd.  i  (1898), 
S.  282  ff.  und  Bd.  ii  (1899),  S.  292  ff. 

t"Ueber  das  Schroth'sche  Heilverfahren,"  "Deutsches  Archiv  fur  klinische 
Medicin,"  Bd.  i  (1865),  S.  196  ff. 

t  Compare  Dapper, " Ueber  den  Stoffwechsel  bei  Entfettungscuren,"  in  "  Beitrage 
zur  Lehre  vom  Stoffwechsel  des  gesunden  und  kranken  Menscnen,"  by  Carl  v.  Noor- 
den,  Berlin,  Hirschwald,  1894,  Heft  2,  S.  65  ff.  An  excellent  review  of  the  present 
state  of  our  knowledge  is  found  in  Dr.  P.  S.  Richter's  article:  *^  Ueber  Entfettungsh 
curen,"  "Zeitschrift  lUr  difitetische  und  physikalische  Therapie,"  Bd.  i,  S.  300  ff., 
1898. 
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muscle  may  be  favorable  or  unfavorable.  It  is  favorable  if  the  demands 
on  the  heart  are  not  great  enough  to  cause  fatigue;  unfavorable,  if  the 
demands  exceed  that  limit.  Exercise  enables  the  heart  muscle  in  a  great 
measure  to  adapt  itself  to  an  increased  demand;  by  gradual  training  an 
individual  who  has  been  suitably  prepared  is  enabled  to  do  hard  muscular 
work,  as,  for  example,  mountain-climbing,  with  ease.  The  training 
affects  the  skeletal  muscles  as  well  as  the  heart  and  the  respiration.  An 
individual  also  learns  to  adapt  his  breathing  to  the  muscular  demands. 
Experience  has  shown  that  even  in  highly  trained  athletes  the  heart  may 
give  out  if  it  is  overtaxed.  The  experiences  of  Allbutt  and  his  guide  have 
ahready  been  described. 

These  conditions  apply  quite  as  much  to  a  heart  which  is  naturally 
strong  as  to  one  that  is  weak.  In  the  case  of  the  latter  it  is  obvious  that  a 
much  smaller  demand  suffices  to  bring  on  fatigue,  and  cardiac  weakness 
often  becomes  so  marked  that  the  organ  is  unable  to  meet  the  extra 
demands  of  even  a  very  slight  degree  of  muscular  exertion.* 

From  all  this  it  appears  that  the  principles  underlying  Oertel's  teach- 
ing are  unassailable;  but  when  they  are  applied  to  the  treatment  of 
heart  patients,  medical  supervision  is  absolutely  indispensable. 

The  arrangement  of  Terraincur  resorts  after  Oertel's  suggestions,  and  his  Ter 
raincur  charts,  which  contain  all  the  conditions  to  be  considered,  are  in  themselves 
most  excellent;  unfortunately,  human  nature  was  not  sufficiently  taken  into  ac- 
count in  these  arrangements.  The  heart  patient  is  apt  to  get  the  impression  from  the 
colors  and  figures  placed  along  the  patns  that  the  treatment  is  purely  mechanic, 
a  kind  of  ready-made  apparatus  that  may  be  used  by  any  one  with  equally  gooa 
results, — and  so  he  consults  the  chart  more  frequently  than  the  physician.  It  must 
also  be  remembered  that  Oertel  originally  recommended  his  procedure  onhjr  for  a 
definite  form  of  heart  weakness.  The  effects  of  excessive  beer-drinking,  which  are 
so  wide-spread  in  Munich,  the  so-called  "beer-heart,"  represent  the  foundation 
of  this  form  of  heart  disease.  There  can  be  no  doubt  that  in  this  condition  a  suitable 
amount  of  bodily  exercise  may  be  most  useful,  especially  if  the  quantity  of  beer  is  at 
the  same  time  greatly  reduced.  Many  physicians  are  of  the  opinion  that  a  heart 
which  has  been  damaged  by  excessive  drinkmg  of  beer  and  wine  and  excessive  inges- 
tion of  food  quit«  frequently  recovers  its  functional  power  if  it  is  protected  against 
these  injurious  factors  during  a  course  of  Terraincur.  Heart  weakness  due  to  other 
causes  should  not  be  treated  by  the  Oertel  method.  A  Terraincur  is  a  very  ques- 
tionable ijrocedure,  which,  unless  properly  supervised,  always  involves  the  danger  of 
heart  fatigue;  and  how  is  it  possible  to  exercise  adequate  supervision  over  the 
patient?  In  proportion  as  the  heart  weakness  is  more  pronounced,  greater  caution  is 
required  in  attempting  to  improve  the  condition  by  increased  muscular  exercise, 
especially  mountain-climbing. 

The  so-called  Nauheimf  treatment,  elaborated  in  the  main  by 
Augustus  and  Theodore  Schott,  must  be  regarded  as  a  special  method. 

*In  regard  to  this  entire  question,  see  pp.  20,  21,  and  40  et  seq, 
t  There  is  no  exhaustive  treatise  on  the  subject.  The  most  important  papers  deal- 
ing with  the  principles  of  the  method  are :  Augustus  Schott,  "Die  Wirkungen  aer  Bfider 
auf  das  Herz ,"  * '  Berliner  klinische  Wochenschrif t ,"  1880,  No.  25.  "  Bei trage  zur  phy- 
sikalischen  Diagnostik  des  Herzens,''  "Centralblatt  ftlr  die  medicinischen  Wissen- 
schaften,"  1881 ,  No.  23-26.  "  Die  Bedeutung  der  Gymnastik  ftir  Diagnose,  Prognose 
und  Therapie  der  Herzkrankheiten,"  "Zeitschrift  fUr  Therapie"  (Josef  Weiss),  1885, 
No.  20,  21.  "Zur  Therapie  der  chronischen  Herzkrankheiten,"  "Berliner  klinische 
Wochenschrif t,"  1883,  No.  33.  Augustus  and  Theodore  Schott,  "Die  Nauheimer 
Sprudel-  und  Sprudelstrombader,"  ibid.,  1884,  No.  19.  Theodore  Schott,  "Die 
Behandlung  der  chronischen  Herzkrankheiten,"  Berlin,  Eug.  Grosser,  1887.  " Ueber 
Herzneurosen,''  Eulenburg's  "Realencyklopadie,"  2.  Auflage,  1892.  [See  also,  besides, 
other  recent  articles:  Bddwin,  Wm.  W.,  "Some  Personal  Observations  and  Ex- 
periences of  the  Schott  Treatment  of  Heart  Disease,"  "Medical  Record,"  February 
13,  1904.    James  M.  Anders,  "The  Schott  Method  of  Treating  Diseases  of  the  Heart 
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The  Schott  method  of  treatment  consists  in  the  use  of  brine  baths, 
with  or  without  free  carbonic  dioxid,  combined  with  special  muscular 
exercises.  The  effect  of  the  two  procedures  is  the  same.  How  they  act 
is  not  definitely  known,  and  the  attempts  to  explain  the  rationale  of  the 
procedure  have,  in  my  opinion,  not  proved  successful.  I  therefore  regard 
the  method  as  a  purely  empirical  one  and  present  it  in  that  light. 

The  object  of  the  procedure  is  to  enable  a  dilated  heart  that  is  unable 
to  expel  all  its  contents  to  empty  itself  completely.  At  first  this  object 
is  only  partially  attained;  but  as  the  treatment  goes  on,  the  ventricle 
empties  itself  more  and  more  completely.  The  nutrition  of  the  heart 
muscle  itself  is  improved  as  the  dilatation  subsides  and  the  circulation 
becomes  more  active. 

.  The  crux  of  the  question  is  whether  this  assumed  effect  on  the  heart 
can  be  positively  proved.  If  that  is  the  case,  then  the  therapeutic  re- 
sults are  quite  comprehensible. 

I  can  personally  testify  that  the  Schott  method  of  gymnastics  is 
capable  in  a  short  time  of  considerably  diminishing  the  cardiac  dulness 
and  at  the  same  time  strengthening  the  pulse.  These  results  practically 
admit  of  no  other  interpretation  but  that  given  by  Augustus  Schott,  the 
originator  of  the  method;  namely,  that  the  overdistended  heart  is  re- 
lieved of  its  burden. 

I  will  give  a  short  account  of  a  case  which  convinced  me  that  the  facts  are  correct. 
A  priori  it  did  not  seem  to  me  probable  that  a  well-marked  cardiac  dilatation  could 
in  a  short  time  under^  noticeable  diminution,  and  I  wished  to  have  ocular  proof. 
While  I  was  in  Nauheim  Dr.  Theodore  Schott  very  kindly  gave  me  an  opportunity 
to  examine  certain  patients  for  myself  before  and  after  ^e  resistance  exercises. 
Among  these  patients  was  the  following: 

A  man,  thirty-five  years  of  age,  a  patient  of  my  own,  with  a  high  degree  of  mitral 
insufficiency  and  all  the  sequels  of  that  condition.  At  the  time  of  examination  there 
was  marked  disturbance  of  compensation  and  pronounced  cardiac  weakness. 

According  to  the  results  of  my  percussion  the  transverse  diameter  of  the  cardiac 
dulness  at  the  level  of  the  nipple  was  27.5  centimeters,  while  the  longitudinal  diameter 
(in  the  median  line)  from  the  upper  limit  to  the  xiphoid  was  16  centimeters. 

After  the  resistance  exercises,  which  lasted  half  an  hour  including  the  rests, 
these  two  diameters  diminished;  the  transverse  was  onlv  18  centimeters  and  the 
longitudinal,  13  centimeters.  In  other  words,  the  reauetion  amounted  to  9.5 
centimeters  in  the  transverse,  and  3  centimeters  in  the  longitudinal,  direction. 

The  apex-beat  had  moved  4  centimeters  toward  the  median  line.  The  pulmo- 
nary-hepatic border  was,  of  course,  determined  also  and  was  found  to  be  higher 
after  the  resistance  exercises. 

Fig.  24  on  p.  158  is  taken  from  a  reduced  photograph  of  my  drawing  (which  was  a 
tracing  of  the  Imes  on  the  patient's  chest). 

I  have  had  no  opportunity  of  observing  the  immediate  effect  of  the 
baths  on  the  heart;  but  there  is  no  reason  to  doubt  the  Schott  brothers' 
statements,  and,  besides,  they  have  been  confirmed  by  prominent  physi- 
cians.   Grainger  Stewart  and  Dr.  Holman,   also   Saundby,*   observed 

and  Blood-vessels,"  "Journal  of  the  American  Medical  Association,"  January  14, 
1905,  pp.  116-124.  Thome,  Bezljr,  "The  Schott  Methods  of  the  Treatment  of 
Chronic  Diseases  of  the  Heart,  with  an  Account  of  the  Therapeutic  Exercises," 
Fifth  Edition,  1906.     Blakiston's  Son  &  Co.— Ed.] 

♦Compare  Robert  Saundby,  "The  Nauheim  (Schott)  Treatment  of  Heart 
Disease,"  "British  Medical  Journal."  November  2,  1895,  with  tracings  of  the  heart 
dulness  before  and  after  the  bath  and  the  exercises, and  sphygmograms.  H.  Newton 
Heineman  (New  York),  "Die  physikalische  Behandlung  der  chronischen  Herzkrank- 
heiten  (nach  Schott),"  "Deutsche  medicinische  Wochenschrift,"  Jahrgang  1896,  S. 
i525  ff.  The  author  studied  the  procedure  in  Nauheim  and  afterward  observed  the 
effect  of  the  exercises  in  v.  Ley  den's  clinic. 
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improvement  of  all  diameters;  a  reduction  of  one  fJnglish  inch,  equal  to 
2.5  centimeters. 

I  shall  not  describe  the  conditions  at  the  Nauheim  baths  and  the  proce- 
dure as  it  is  practised  there,  but  I  shall  give  a  detailed  description  of 
the  treatment  as  it  may  be  employed  anywhere  with  artificially  prepared 
baths  instead  of  the  natural  springs. 

It  must  be  remembered  that  Augustus  Schott,  from  the  very  begin- 
ning, took  it  for  granted  that  artificial  baths  could  be  substituted  for 
the  natural  springs  and  even  formulated  the  necessary  instructions. 

The  treatment  is  to  be  begun  with  brine  baths  containing  1  per  cent,  of  sodium 
chlorid  and  0.2  per  cent,  of  cucium  chlorid.  Gradually  these  percentages  are  in- 
creased, with  due  regard  to  individual  conditions,  up  to  a  maximum  of  3  per  cent, 
sodium  chlorid  and  0.25  per  cent,  of  calcium  chlorid. 

ij. 


m 


px 

Fig.  24. 


A.  Schott*  gives  the  following  rules  in  regard  to  temperature,  duration  of  the 
bath,  etc. 

At  the  beginning  of  the  treatment  the  duration  should  never  be  more  than  ten 
minutes;  if  the  patient  is  weak,  even  five  minutes  may  be  sufficient.  Rheumatic 
and  anemic  patients  and  those  who  cannot  stand  much  cold  should  begin  with  baths 
at  a  temperature  of  27^  R.  (92.7^  F.).  When  the  heart  is  weak  it  cannot  be  depended 
upon  to  neutralize  the  peripheral  loss  of  heat  by  increasing  the  force  of  the  circulation. 
When  the  pulse  is  weak,  the  skin  cold,  and  the  patient  is  in  a  reduced  state  of  health 
from  malnutrition,  the  reduction  of  only  1^  R.  (2.2^  F.)  in  the  temperature  of  the 
bath  is  enough  to  cause  chilliness,  which  may  be  harmful  to  the  patient.  After  a  bath 
that  is  too  cold  one  may  find  that  all  the  signs  of  cardiac  disturbance  and  dilatation, 
rapidity,  irregularity,  and  reduction  in  the  size  of  the  pulse,  dyspnea,  etc.,  have 
increased.  lUieumatic  patients,  even  with  fairly  strong  hearts,  should  not  begin  the 
course  of  treatment  with  baths  at  a  lower  temperature  than  the  above,  because  the 
tendency  to  peripheral  loss  of  heat  is  marked  in  such  patients  and  there  is  always 
danger  that  the  olood  may  be  forced  into  the  already  damaged  vessels  and  tissues, 
the  partes  minoria  resiaterUuB.     For  this  reason  the  transition  to  colder  temperatures 

*"Zur  Therapie  der  chronischen  Herzkrankheiten,"  "Berliner  klinischeWochen- 
•chrift/'  1886,  No.  33. 
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should  be  made,  on  the  average,  somewhat  later  in  rheumatic  than  in  heart  patients. 
On  the  other  hand,  temperatures  above  27®  R.  (92.7**  F.)  are  practically  never,  and 
temperatures  above  28**  R.  (95**  F.)  in  m^  experience  never  indicated  except  in  those 
cases  in  which  the  pulse  and  arterial  tension  are  abnormallv  high  from  the  oeginning. 
Even  in  such  cases,  while  higher  temperatures  are  well  borne,  they  unfortunately 
do  not  act  as  a  heart  tonic. 

Instead  of  increasing  the  temperature  of  the  bath  it  is  better  to  shorten  the 
duration.  The  patient  is  advised  to  lie  perfectly  quiet  during  the  first  half  minute 
after  entering  the  bath  of  the  prescribcKl  temperature,  even  if  he  finds  the  water 
somewhat  cool,  especially  when  it  accidentally  splashes  against  him,  until  a  feeling 
of  perfect  comfort  gradually  comes  over  him.  But  if  this  feeling  of  perfect  comfort 
is  not  experienced  after  half  a  minute  and  the  slight  feeling  of  chilliness  persists,  the 
bath  water  should  be  warmed  until  the  unpleasant  sensations  disappear. 

The  temperature  of  the  bath  should  never  be  reduced  more  than  i  R.  (1. 1**  F.) 
at  a  time. 

A  second  chill  must  be  avoided  as  much  as  possible. 

If  the  patient  is  warm  when  entering  or  rapidly  warms  up  in  the  bath,  he  must  not 
be  alloweclto  get  chilly  again;  if  he  does  become  chilly,  it  is  a  sign  that  the  duration 
is  too  great  and  must  be  reduced  in  the  subsequent  baths. 

As  the  favorable  effects  of  the  baths  gradually  increase,  their  strength  must 
be  increased  both  by  reducing  the  temperature  of  the  water  and  by  increasing  the 
concentration  of  the  salts.  When  this  stage  has  been  reached  and  the  weakened 
heart  has  gained  considerably  in  strength,  free  carbon  dioxid  is  added  to  the  bath. 

In  the  artificial  baths  this  is  done  as  follows:  Commercial  bicarbonate  of  sodium 
and  crude  hydrochloric  acid  (42  per  cent.)  are  added  in  equal  quantities  by  weight  to 
the  bath  water.  This  leaves  a  slight  excess  of  the  alkali,  which  is  useful  for  protecting 
the  metal  bath-tub  and  at  the  same  time  the  patient's  skin. 

In  the  beginning  100  ^ams  of  each  should  be  added  to  a  bath  of  about  250  liters 
of  water,  and  this  Quantity  may  be  gradually  increased  until  1500  grams  of  each 
ingredient  are  added  (250  Titers  or  quarts  are  equal  to  about  62  ^lons;  100  grams 
are  equal  to  about  one-fifth  of  a  pound;  1500  grams,  about  3  pounds) . 

The  bicarbonate  of  soda  is  first  dissolved  and  poured  into  the  bathwater,  while  the 
hydrochloric  acid  is  not  added  until  everything  else  is  ready.  The  acid  should  be 
poured  out  under  the  water,  holding  the  mouth  of  the  bottle  over  the  bottom  of  the 
tub  and  gently  moving  it  about  in  aB  directions  as  the  acid  escapes.  When  the  bath 
is  to  be  prepared  in  a  hurry,  the  mouth  of  the  bottle  is  held  immediately  below  the 
level  of  the  water  and  moved  rapidly  to  and  fro  without  splashing. 

The  layer  of  carbon  dioxid  which  forms  above  the  surface  of  the  water  must  be 
removed  by  fanning,  the  window  being  open. 

The  minimum  temperature  of  any  bath  is  22^  R.  (81.5**  F.).  The  maximum 
duration  is  twenty  minutes. 

''At  the  beginning  of  the  treatment  most  patients  require  an  occasional  day  of  rest 
on  which  the  bath  is  omitted,  sometimes  after  the  first,  but  usually  not  until  after  the 
second,  bath.  After  that  the  number  of  baths  given  in  succession  without  an  in- 
terval of  rest  can  soon  be  increased.'' 

As  a  matter  of  precaution  the  bath  should  always  be  omitted  on  one  day  of  the 
week. 

The  patient's  general  condition  and  the  condition  of  the  heart  must  be  kept  con- 
stantly under  accurate  supervision;  the  effect  of  the  bath  determines  the  temperature 
and  duration  of  the  next  one.    Schott  lays  great  stress  on  the  subjective  sensations  of 

Eatients  who  are  receiving  the  bath  treatment:  ''If  a  patient  feels  tired  for  one  or  two 
ours  after  the  first  bath  and  then  recovers  completely,  he  may  be  given  the  same 
bath  on  the  following  day;  but  on  no  account  may  the  strength  of  the  bath  or  its 
duration  be  increased.  If  the  fatigue  lasts  longer  than  two  hours,  the  bath  should 
be  omitted  on  the  following  day.  This  principle  should  be  observed  during  the 
entire  course  of  treatment.  When  a  series  of  baths  of  increasing  strengths  have  been 
prescribed,  each  bath  must  be  regarded  as  a  task  which  the  patient  must  be  able  to 
I  accomplish  without  any  subsequent  fatigue  before  he  is  allowed  to  take  up  the  next. 
If  he  does  become  unduly  fatigued,  the  course  is  begun  over  again  after  a  day's  rest 
with  a  bath  of  slightly  diminished  strength." 

The  strength  of  the  bath  should  be  increased  as  rapidly  as  possible  until  a  dis- 
tinct effect  is  obtained,  carefully  avoiding  any  excess.  "Unless  the  invigorating 
effect  on  the  heart  is  noted  immediately  after  the  bath  during  the  beginning  of  the 
treatment,  the  bath  is  not  sufficiently  strong."  The  pulse  ought  to  become  slower 
and  stronger,  and  a  distinct  reduction  in  the  size  of  the  cardiac  dulness  ought  to  be 
demonstrated  immediately  after  the  bath.  This  reduction  in  the  size  of  the  dulness 
should  always  be  the  object  aimed  at,  even  if  it  does  not  persist  the  entire  day. 
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Schott  quite  rightly  insists  that  a  course  of  Nauheim  treatment  re- 
quires a  considerable  length  of  time. 

I  have  described  this  part  of  the  procedure  in  detail  because  it  can 
always  be  carried  out  with  patients  in  ordinarily  comfortable  circumstances. 
Unfortunately  this  cannot  be  said  of  the  second  part  of  the  procedure, 
the  resistance  exercises.  With  regard  to  these  I  shall  confine  myself 
to  fundamental  principles. 

A.  Schott  says  the  main  point  about  the  resistance  exercises  is  that 
the  movements  must  be  performed  very  slowly,  although  with  some  force. 
In  order  to  produce  this  simultaneous  slowing  and  strengthening,  resis- 
tance is  necessary,  which  may  be  supplied  either  by  the  patient  himself 
inhibiting  the  movements  by  exerting  the  antagonistic  muscles  or  by 
another  person — a  so-called  gymnast, — after  the  manner  of  the  Swedish 
movements.  Definite  groups  of  muscles,  namely,  such  as  are  coordi- 
nated for  the  movements  of  the  extremities,  are  brought  into  action  in  a 
certain  order. 

The  most  important  rule  for  the  patient  to  observe  is  to  overcome  the 
resistance  slowly  and  uniformly  without  in  the  least  hurrying  the  respira- 
tion, so  that  he  always  has  enough  wind  to  speak  without  difficulty. 
The  faintest  embarrassment  of  the  breathing  should  be  a  signal  for 
resting,  and  in  the  same  way,  if  the  heart-beats  increase  in  frequency, 
the  patient  must  cease  the  exercise  at  once. 

A  hot-water  bag  is  used  by  the  Schott  brothers  to  produce  a  temporary  effect 
on  a  greatly  dilated  and  feebly  contracting  heart.  Rubber  bags  are  filled  with  hot 
water  ranging  in  temperature  up  to  60°  R.  (169*^  F.),  and  the  entire  chest  wall,  es- 
pecially the  precordifJ  region,  and  sometimes  also  the  back,  are  subjected  to  a  gentle 
tapping  with  the  hot-water  bag  until  the  patient  becomes  conscious  of  a  distinct 
sensation  of  heat.  This  application  of  heat  is  said  to  be  particularly  efficacious  in 
cases  of  sudden  heart  weakness. 

These  are  the  main  points.  It  ought  to  be  mentioned  that  mountain- 
climbing,  after  Oertel,  properly  belongs  to  the  mechanic  methods  of 
treating  heart  disease.  After  the  heart  has  become  considerably  strength- 
ened, good  results  are  obtained  by  cautiously  prescribing  a  certain  amount 
of  mountain-climbing. 

No  special  diet  is  prescribed,  as  it  must  be  regulated  according  to 
individual  conditions. 

From  all  I  have  seen,  Schott's  method  of  treatment  represents  a  dis- 
tinct advance  in  the  treatment  of  cardiac  weakness  and  deserves  to  be 
more  generally  kno^^  among  physicians  than  it  is  at  the  present  time. 

Instead  of  the  resistance  being  supplied  by  a  gymnast  or  the  patient's  own  in- 
hibition, which  requires  a  good  deal  of  trainmg  and  is  not  alwavs  easy  to  learn. 
Zander's  apparatus  may  be  used  for  the  purpose.*  An  obvious  aa vantage  of  these 
machines  is  that  the  degree  of  resistance  to  be  overcome  can  be  accurately  gauged. 
It  is  hardly  necessary  to  say  that  careful  medical  guidance  and  supervision  are  in- 
dispensable. Of  course,  the  use  of  Zander's  machines  is  out  of  the  question  any- 
where but  in  large  cities  or  at  popular  bathing  resorts. 

The  therapeutic  value  of  muscle  massage  is  not  rated  very  high.  It 
should  be  remembered,  however,  that  since  the  skin  and  the  subcuta- 
neous connective  tissue  are  also  acted  upon,  massage  tends  to  set  the 
stagnating  mass  of  blood  with  its  accumulated  red  blood-cells  in  motion 

♦See  V.  Reyher,  "Ueber  Herzmassage  und  Herzgymnastik,"  "Zeitschrift  flip 
diatetische  und  physikalische  Therapie,"  Bd.  i  (1898),  S.  197  ff. 
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aad  forces  them  at  least  temporarily  to  take  more  part  in  the  general 
circulation. 

Popischil*  describes  a  carefully  systematized  hydrotherapeutic  method 
of  treating  the  heart,  but  it  does  not  seem  to  me  that  the  method  has  been 
sufficiently  elaborated  to  meet  the  demands  of  general  practice. 

Drugs. — What  is  the  position  of  pharmacotherapy  in  the  treatment 
of  cardiac  weakness?  That  it  does  not  play  a  subordinate  part  we  owe 
to  digiiaiia.  Powerful  as  the  remedy  is,  however,  it  also  has  its  limita-^ 
tions.  He  who  would  use  digitalis  must  have  an  accurate  knowledge  of 
the  drug  and  all  its  limitations  and  must  never  forget  that  the  friend  may 
become  a  foe.  I  know  of  but  one  indication  that  vouches  with  almost 
absolute  certainty  for  the  therapeutic  action  of  digitalis.  This  indication 
is  given  when  the  following  conditions  are  present: 

1.  The  diseased  heart  contains  fibers  of  unequal  functional  capacity 
and  is,  therefore,  somewhat  wasteful  of  its  energy.  This  is  the  form  of 
heart  weakness  that  I  have  described  in  detail  elsewhere,  t 

2.  The  heart  must  not  be  too  greatly  fatigued;  it  must  still  retain  a 
certain  degree  of  strength,  indicated  by  the  fact  that,  although  most  of 
the  beats  are  feeble,  an  occasional  vigorous  contraction  is  present. 

Under  these  circumstances  digitalis  acts  chiefly  on  the  pneumogastric 
nerve.  Inhibition  of  the  pneumogastric  regulates  the  wasteful  action  of 
the  heart,  which  exhausts  individual  heart-fibers  without  increasing  the 
efficiency  of  the  muscle  as  a  whole;  for  the  weaker  fibers  are  inhibited  and 
allowed  to  rest,  while  the  stronger  fibers  alone  are  called  into  activity 
and  at  the  same  time  are  given  sufficient  time  to  recuperate.  Thus  the 
vicious  circle  which  I  have  attempted  to  describe  above  is  interrupted 
and  the  heart  gains  fresh  strength  through  its  own  exertions  because  it  is 
provided  with  sufficient  blood  for  its  proper  nutrition.  ' 

It  is  possible  that  the  stimulating  action  on  the  muscle-fibers  of  the 
heart,  which  is  attributed  to  digitalis,  is  also  in  part  responsible  for  the 
result.  In  that  case  we  must  assume  that  the  inhibiting  effect  does  not 
influence  the  weaker  fibers,  but  for  the  stronger  fibers  digitalis  become^ 
an  additional  spur. 

Let  it  not  be  thought  that  I  take  exception  to  the  employment  of 
digitalis  in  other  forms  of  cardiac  weakness.  Good  results  may  be  ob^ 
tained  in  these  also.  So  conscientious  an  observer  as  Penzoldt  J  reports', 
**I  have  seen  cases  with  a  pulse  of  40  or  even  30  to  the  minute  which 
showed  a  general  improvement,  not  only  without  a  decrease,  but  indeed 
with  an  increase,  of  the  pulse  frequency."  I  merely  wish  to  say  that  in 
these  cases  one  cannot  rely  on  the  remedy's  proving  efficacious. 

My  experiences  at  the  bedside  have  led  me  to  desist  from  the  remedy 
altogether  in  cases  of  protracted  heart  weakness  whenever  the  pulse  be- 
comes small,  regular,  exceedingly  feeble,  and  frequent.  It  seems  to  me 
this  is  an  indication  that  the  heart  is  merely  capable  of  performing  the 
amount  of  work  necessary  for  the  continuance  of  life.  In  this  conditio^ 
its  equilibrium  is  so  unstable  that  the  slightest,  let  us  say,  alteration  suf- 
fices to  disturb  it  and  to  bring  on  serious,  if  not  fatal,  consequences. 

♦"Hydrotherapie  bei  organischen  Herzkrankheiten "  "Deutsche  Medicinal- 
zeitung/'  1895,  S.  581  fit.;  also  contains  the  discussion  which  followed  his  paper  in  the 
Balneologische  Gesellschaft. 

t  See  pages  69  and  73  and  observations  4  and  7. 

t  "Lenrbuch  der  klinischen  Arzneibehandlung/*  Fischer,  Jena  (1897),  4.  Auflage, 
S.  193. 
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One  is  naturally  inclined  to  try  to  bring  down  the  pulse  with  digitalis; 
I  at  least  have  never  succeeded  in  doing  so. 

It  is  difficult  to  give  a  satisfactory  explanation  of  the  manner  in  which 
the  effect  of  digitalis  on  the  blood-vessels  fits  in  with  the  action  of  the 
remedy  as  a  whole  in  cases  of  heart  weakness.  If  a  general  constriction 
of  the  arterial  pathway  occurs,  the  resistance  to  the  left  ventricle  must 
increase  in  proportion  to  the  stenosis.  This  interferes  with  evacuation 
of  the  left  heart.  Judging  from  animal  experiments,  all  that  digitalis 
can  do  is  to  call  out  reserve  strength  and,  since  the  exhausted  heart  has 
none  at  its  disposal,  it  cannot  be  rendei^  capable  of  doing  any  more 
work.  It  may  be  suggested  that  obstruction  to  the  blood  in  the  distal 
arteries  causes  an  increase  of  pressure  at  the  beginning  of  the  aorta,  forcing 
more  blood  into  the  coronary  arteries.  But  this  is  hardly  an  explana- 
tion, as  it  is  doubtful  whether  the  heart  can  be  strengthened  in  this 
way.  The  dilatation  and  distention  of  the  ventricle  which  must  nec- 
essarily ensue  if  it  cannot  evacuate  its  contents  properly  on  accoimt  of  ob- 
struction to  the  flow  of  blood,  is  probably  a  much  more  powerful  factor 
than  the  problematic  increase  of  the  amoimt  of  blood  in  the  coronary 
arteries. 

Digitalis,  when  it  is  effective  at  all,  is  quite  similar  in  its  action  to  the 
mechanic  methods  of  treatment.  The  indication  is  always  the  same:  to 
stimulate  the  heart  temporarily  to  perform  more  work  for  its  own  good. 
The  advantage  of  digitalis  is  that  it  develops  its  full  activity  in  a  compara- 
tively shorter  time.  As  an  offset  it  has  the  disadvantage  that  it  can  only 
be  employed  for  a  comparatively  short  period.  It  is  not  possible  to  keep 
up  the  use  of  the  drug  and  thus  maintain  the  ciu-ative  effect  indefinitely; 
for  the  therapeutic  effect  is  soon  followed  by  the  toxic  effect,  which  is 
destructive  to  the  heart.  Digitalis  belongs  to  the  substances  which  have 
a  cumulative  action — drugs  which,  even  when  given  in  small  doses, 
accumulate  within  the  body  because  elimination  is  difficult,  and,  after  a 
certain  limit  has  been  exceeded,  cause  intoxication.  Owing  to  this  pecu- 
liarity the  greatest  caution  is  necessary  in  the  administration  of  digitalis, 
the  more  so  as  we  usually  prescribe  the  crude  drug,  the  leaves,  which  vary 
greatly  with  respect  to  the  percentage  of  curative  or  noxious  glucosids 
which  they  contain.  The  habitat  of  the  plant,  the  year  when  the  leaves 
were  grown,  the  length  of  time  they  have  been  kept— all  have  an  impor- 
tant bearing  on  the  character  of  the  drug.  These  variations  probably 
explain  the  great  difference  of  opinion  in  regard  to  the  size  of  the  dose. 
In  Tubingen  we  rarely  have  to  use  more  than  a  total  quantity  of  3  grams 
(45  grains),  which  we  find  quite  sufficient  to  produce  the  full  effect  of  the 
drug. 

My  custom  is  to  give  at  most  2  grams  (30  grains)  during  two  or  three 
successive  dskys,  followed  by  an  additional  gram  (15  grains)  on  the  suc- 
ceeding day.  I  order  the  simple  infusion  without  any  adjuvant  of  any 
kind.  At  least  two  weeks  and  sometimes  more  are  allowed  to  elapse 
before  the  drug  is  given  again. 

Occasionally  digitalis  is  also  given  in  pill  form.  A  smaller  quantity,  a 
total  of  1  to  1^  grams  (15  to  22  grains),  distributed  uniformly  over  a 
period  of  three  to  five  days,  should  be  given.  It  is  probable  that  more  of 
the  glucosids  are  dissolved  and  rendered  absorbable  by  the  digestive  juices 
than  by  the  hot  water  of  the  infusion.  It  is  also  possible  that  some  of 
the  digitoxin,  which  is  not  present  in  the  infusion,  is  also  absorbed  in  this 
way.    The  latter  is  a  powerful  tissue  irritant  and  may  be  responsible  for 
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the  fact  that  leaves  taken  in  substance  are  more  apt  to  produce  vomiting 
than  the  infusion. 

It  has  been  advised  to  give  digitalis  by  the  bowel  in  order  to  avoid  as  much  as 
possible  any  irritation  of  the  stomach;  my  experience  of  the  method  is  not  sufficient 
to  enable  me  to  give  anv  opinion.  Penzoldt  says  (loc.  cit. ,  p.  197) :  "After  a  cleansing 
enema,  about  30  c.c.  of  a  strong  infusion  of  digitalis,  equivalent  to  0.4  gm.  (6  grains), 
should  be  injected  at  body  temperature  into  the  bowel,  twice  a  day,  the  patient  being 
instructed  to  retain  it  as  long  as  possible.  While  this  does  not  altogether  prevent 
gastric  symptoms,  it  does  diminish  their  severity  and  delays  their  appearance."  It 
would  be  better  to  add  a  little  starch  and  a  few  drops  of  laudanum  to  the  enema  in 
order  to  moderate  the  effect  of  digitalis  on  the  rectum.  An  infusion  of  0.3  gm. 
(4}  grains)  of  the  leaves  to  10  c.c.  (2^  drams)  of  percolate  has  also  been  tried  by 
hypodermic  injection,  one  Pravaz  syrin^ful  (1  c.c.)  two  or  three  times  a  day. 
Whether  this  can  be  kept  up  without  causmg  abscesses  and  whether  the  method  has 
any  special  advantajge  still  remains  to  be  determined. 

The  acetum  digUalts  has  been  dropped  from  our  pharmacopeia.  On  the  other 
hand,  the  formula  for  the  preparation  ot  tincture  of  diffitalia  has  been  retained.  It  is 
epared  by  taking  five  parts  of  the  freshly  crushed  herb  and  six  parts  of  alcohol. 

"  >U.S.  ~   ' 


[In  the  U.  S.  P.,  1900, 10  per  cent.,  one-third  weaker  than  according  to  U.  S.  P.  1890. 
British  Pharmacopoeia,  1  part  to  8.  So  eminent  a  pharmacologist  as  Cushnj,  and 
many  experienced  clinicians,  consider  the  tincture  the  best  preparation  of  digitalis 
in  most  cases.  The  belief  that  this  preparation  is  inferior  to  some  others,  especially 
the  infusion,  seems  to  be  due  chiefly  to  the  fact  that  the  other  preparations  are  usually 
prescribed  in  doses  that  contain  a  much  larger  amount  of  the  drug  than  does  the 
tincture;  for  example,  the  physician  often  prescribes  the  infusion  because  the  tincture 
fails,  and  dves  a  tablespoonful  at  a  dose.  The  corresponding  dose  of  the  tincture 
would  be  ftbout  45  minims,  usually  very  much  more  than  the  aoae  that  failed  to  give 
satisfaction. — ^Ed.]  Neither  of  these  preparations  is  very  reliable  and  should  never 
be  used  except  when  the  quality  of  the  plant  itself  cannot  be  counted  on. 

Hie  German  pharmacopoeia  does  not  mention  any  of  the  substances  that  are  re- 
garded as  the  active  agents  of  the  mother  plant,*  nor  has  it  been  possible  to  induce 
the  profession  to  adopt  any  one  of  these  suEMstances,  great  as  the  need  is  for  an  agent 
of  uniform  efficacy.    The  following  have  been  and  are  no  doubt  still  being  tried: 

1.  DigUoxinum  crystaUisatum  Merck  ^  which  is  dispensed  in  tablets  of  \  mg. 


(liv  Sr&iiO*    l^l^e  dose  is  )  me.  {^  grain)  up  to  2  mg.  (A  grain)  per  day,  when  taken 
internally.  The  drug  can  also  oe  given  by  enema  in  the  following  formula  by  Penzoldt: 

I).    Digitoxini  crystallisat.  (Merck) 0.01  (i  grain) 

Alcohol 10.00  (2J  drams) 

Aq.  dest 200.00  (6  ounces). 

M.    S. — 15  c.c.  ()  ounce)  of  this  solution  in  100  c.c.  (3  ounces)  of  water  by 
enema,  one  to  three  times  a  day. 

2.  Digifalinvm  verum  /Ci^iant.— Internally,  0.002  to  0.006  (t^  to  ^V  grain)  up  to 
0.02  (}  grain)  as  a  maximum  per  diem.    The  formula  is: 

IJ.     Digitalini  ver.  (Kiliani) 0.02  (J  grain) 

Alcohol 10.00  (2J  drams) 

Aq.  dest 70.00  (2  oimces) 

&yTUD.  simplic 20.00  (5  drams). 

M.    S. — One  tablespoonful  every  one  to  three  hoars. 

Both  substances  are  said  to  be  suitable  for  hypodermic  administration,  but  the 
puncture  is  veiy  apt  to  become  the  seat  of  inflammation,  especially  when  aigitoxin 
18  used.  [The  editor  has  used  this  preparation  in  a  series  of  cases,  without  finding 
any  advantage  over  the  tincture  of  digitalis. — Ed.] 

Digitalis  usually  requires  about  thirty-six  hours  for  the  full  develop- 
ment of  its  favorable  effect.  The  pulse  becomes  slower,  fuller,  and  more 
regular.  If  the  urine  was  diminished  in  quantity,  an  increase  takes  place, 
sometimes  amounting  to  a  veritable  flooding.  Edema,  if  present, 
diminishes,  especially  edema  of  the  skin  and  subcutaneous  connective 

*  Compare  Kobert,  "Lehrbuch  der  Intoxicationen,''  Enke,  Stuttgart,  1803,  S. 
678  ff. 
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tissue.  Effusions  into  the  peritoneal  and  pleural  cavities  also  diminish, 
although  more  slowly  than  the  cutaneous  edema.  The  swelling  of  the  liver 
becomes  less,  the  appetite  is  not  infrequently  improved,  and  the  dyspeptic 
symptoms  subside.  As  a  result  of  the  improvement  in  the  action  of  the 
heart,  the  accumulation  of  blood  in  the  systemic  veins  disappears  and 
the  marked  cyanosis  of  the  skin  and  mucous  membrane  ceases. 

If  the  heart  is  still  in  fairly  good  condition,  a  single  administration  of 
digitalis  may  be  followed  by  improvement  lasting  for  some  time,  provided 
the  subsequent  demands  on  the  heart  do  not  exceed  its  limit.  In  other 
cases  the  improvement  lasts  only  a  short  time;  a  few  weeks  of  improve^ 
ment  may,  however,  be  counted  upon  in  most  cases.  Again,  the  drug 
may  fail  almost  altogether,  in  which  case  the  prospect  of  recovery  is  very 
doubtful. 

In  regard  to  the  cause  for  this  failure  of  the  drug  to  act,  all  that  can  bo 
said  in  a  general  way  is  that  it  must  be  sought  in  the  condition  of  the  heart 
muscle.  The  muscle  may  be  practically  used  up  to  begin  with;  or  some 
injurious  influence  to  which  it  is  constantly  exposed  may  permanently 
destroy  its  structure  and  thus  gradually  destroy  its  power.  This  is  usually 
the  case  in  the  form  of  insufficiency  following  an  infection,  particularly 
septic  infection.  The  point  will  have  to  be  referred  to  again  at  length  in 
connection  with  endocarditis.  Another  factor  in  the  prognosis  is  the 
presence  of  bronchial  catarrh,  which  is  apt  to  develop  when  the  heart  is 
weak  and  is  slightly  improved  when  the  organ  is  strengthened  by  the  ad- 
ministration of  digitalis.  The  bronchial  catarrh  does  not  subside  alto- 
gether; it  continues  as  an  independent  disease  and  thus  greatly  interferes 
with  the  recovery  of  the  heart. 

As  the  administration  of  digitalis  must  be  limited  in  point  of  time,  it  is 
most  important,  if  the  case  is  to  be  treated  intelligently,  to  take  full  ad- 
vantage of  the  favorable  period  when  the  force  of  the  heart  has  been 
improved  by  the  use  of  the  remedy. 

Now  is  the  time  to  resort  to  auxiliary  methods,  such  as  baths  and 
exercises.  Oertel  and  the  Schott  brothers  have  always  insisted  that  the 
procedures  which  they  recommend  sometimes  cannot  be  instituted  until 
after  digitalis  has  done  its  work. 

The  toxic  symptoms  of  digitalis  should  be  briefly  mentioned.  As  a 
rule,  the  first  symptoms  point  to  gastric  disturbance,  disinclination  to 
take  food,  pressure,  nausea.  This  is  accompanied  by  flashes  before  th^ 
eyes.  The  cardiac  symptoms  which  manifest  themselves  later  are  ushered 
in  by  an  indistinct  feeling  of  anxiety  and  a  slight  irritability  of  the  heart. 
Later  the  heart-beat  is  either  greatly  retarded  or  the  action  becomes 
frequent  and  irregular.  This  irregularity  is  a  most  important  symptom, 
as  the  inexperienced  is  in  danger  of  mistaking  it  for  an  indication  for  the 
continued  use  of  digitalis.  The  Caution,  of  course,  applies  to  those  cases 
also  in  which  digitalis  has  been  taken  without  the  physician's  knowledge 
and  before  his  orders  had  been  given. 

The  symptoms  in  the  case  of  grave  intoxication  are  unmistakable: 
vomiting,  diarrhea,  vague  cerebral  symptoms,  headache,  vertigo,  audi- 
tory and  visual  disturbances,  dilatation  of  the  pupils.  This  is  followed  by 
profound  lassitude  and,  if  the  condition  is  protracted,  a  marked  impair- 
ment of  the  nutrition.  Sudden  death  from  heart  failure  may  occur  on  the 
slightest  provocation,  such  as  assuming  the  erect  posture.* 

♦See  also  Binz,  "Vorlesungen  uber  Pharmakologie,''  Hlrschwald,  Berlin,  1891, 
2.  Auflage,S.227fif.  \ 
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Tincture  of  strophanthus,  prepared  from  the  seeds  of  the  plant,  may  be 
mentioned  as  a  remedy  which  is  used  somewhat  in  the  same  way  as  digi- 
talis. The  usual  statement  that  it  is  a  succedaneum  of  digitalis  is  not 
quite  accurate. 

Unfortunately,  the  preparations  of  strophanthus,  like  those  of  digi- 
talis, are  far  from  uniform  in  their  action. 

The  effect  of  the  drug  is  to  increase  the  action  of  the  heart  as  a  whole; 
but  how  the  effect  is  produced  is  not  known.  Strophanthus  has  no  cumu- 
lative action  and  can,  therefore,  be  given  for  a  long  period.  In  the  cases 
in  which  the  drug  acts  favorably  the  effect,  including  the  improvement 
in  the  heart  action,  is  the  same  as  after  the  use  of  digitalis,  except  that  the 
frequency  of  the  heart-beat  is  not,  as  a  rule,  diminished,  and  that,  in  my 
opinion,  is  the  chief  reason  why  the  drug  is  inferior  to  digitalis.  It  is  well 
to  begin  with  a  small  dose — say  five  drops  three  times  a  day — and  increase 
it  gr^ually. 

It  is  possible  that  some  individuals  may  possess  an  idiosyncrasy  for  strophan- 
thus. It  is,  however,  unoonunon,  and  possibly  it  is  a  purely  imaginary  idiosyn- 
cra^.  During  recent  years  the  current  gossip  among  the  batners  in  Nauheim  was 
against  tincture  of  strophanthus,  and  some  patients  suffering  from  severe  heart 
disease,  who  had  taken  the  remedy  for  some  time,  attributed  the  chanse  for  the 
worse  in  their  condition  to  the  mucn-used  drops.  A  general  impression  of  this  kind 
often  becomes  an  article  of  faith,  particularly  as  the  scapegoat — the  physician — ^also 
gets  his  share  of  the  blame. 

The  tincture,  either  alone  or  with  a  certain  quantity  of  compound 
tincture  of  cinchona,  is  the  best  preparation;  the  cinchona  partially 
disguises  the  taste,  which  is  unpleasant  to  some  people. 

Heart  stimulants  are  indicated  when  the  heart  is  to  be  temporarily 
stimulated  to  greater  exertion.  Under  certain  circumstances,  as  in  the 
presence  of  pulmonary  edema,  this  is  absolutely  necessary.  In  other  con- 
ditions the  indication  is  less  urgent.  It  must  always  be  borne  in  mind 
that  the  heart  regulates  its  nutrition  by  its  own  activity,  and  that  its  power 
depends  on  the  state  of  its  nutrition.  A  far-sighted  physician  will  often 
order  a  stimulant  as  soon  as  the  first  signs  of  cardiac  weakness  make  their 
appearance.  It  is  impossible  to  give  absolute  rules.  It  is  to  be  remem- 
bered that  cardiac  stimulation  is  justifiable  only  for  the  purpose  of  im- 
proving the  nutrition  of  the  heart.  It  must  never  be  carried  to  the  point 
of  fatiguing  the  organ,  but  the  precise  limit  must  be  determined  in  each 
individual  case.  A  heart  which  is  suffering  from  the  effects  of  a  febrile 
infectious  disease,  such  as  croupous  pneumonia,  for  example,  cannot  be 
judged  in  the  same  way  as  one  which  has  become  permanently  weakened 
from  muscular  disease.  Whatever  the  condition  may  be,  the  question 
how  far  stimulation  should  be  carried  must  never  be  neglected;  it  must 
determine  the  choice  of  the  remedies  to  be  employed. 

For  the  purpose  of  rapidly  bringing  on  an  improvement  in  the  strength 
of  the  heart  hypodermic  injections  of  ether  are  most  suitable.  The  dose 
should  not  be  too  small.  Five  ftavaz  syringefuls — corresponding  to 
about  4  grams  [by  weight — Ed.]  (one  fluidram) — of  ether  represent  the 
normal  dose  for  the  adult.  The  action  of  the  drug  is  sometimes  defeated 
by  giving  too  little  at  a  time;  for  it  is  not  a  matter  of  indifiEerence  whether 
a  certain  quantity  of  ether  is  given  at  one  dose  or  in  the  course  of  an  hour. 
Ether  is  rapidly  broken  up  in  the  body  and  excreted;  and  if  it  is  adminis- 
tered too  slowly,  the  concentration  in  the  blood  and  tissues  necessary  to 
enable  the  remedy  to  exert  its  effect  cannot  be  attained. 
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The  injection  may  be  repeated  at  intervals  of  one  to  one  and  one- 
half  hours.  But  from  the  nature  of  the  case — since,  as  a  rule,  the  heart 
is  quite  feeble  when  ether  is  used — one  cannot  hope  to  derive  much  bene- 
fit from  these  repeated  injections. 

Camphor  is  slower  in  its  action,  but  its  effects  are  more  lasting.  It 
is  best  administered  h)rpodermically  in  the  form  of  the  [German — Ed.] 
officinal  camphorated  oil,  one  part  of  camphor  in  ten  of  olive  oil.  [The 
U.  S.  P.  Linimentum  CamphorsB  is  made  of  1  part  camphor  to  4  (1  in  5) 
cotton-seed  oil. — Ed.]  For  the  adult  I  prescribe  5  grams  (say  1  dram)  of 
the  oil.  A  point  on  the  trunk  should  be  selected  for  the  injection  because 
the  circulation  is  more  active  in  the  trunk  in  cases  of  heart  weakness  than 
in  the  extremities.  In  cases  of  heart  weakness  due  to  slowly  developing 
disease  of  the  muscle-fibers  I  usually  allow  one  to  one  and  one-half  days 
to  elapse  before  again  administering  the  remedy. 

For  the  purpose  of  combining  the  rapid  action  of  ether  with  the  more  lasting 
action  of  camphor  some  physicians  use  the  solution  of  the  drug  in  ether.  Personally, 
I  prefer  to  inject  the  two  arugs,  one  immediately  after  the  other.  An  ethereal  solu- 
tion of  camphor  causes  violent  pain  and  is  perhaps  also  more  apt  to  produce  absoeflses. 

There  is  a  somewhat  wider  choice  of  heart  stimulants  that  are  given 
by  the  mouth.  Strong,  hot  infusions  of  coffee  and  tea  stimulate  the  heart 
action,  the  effect  developing  within  a  short  time,  particularly  when  they 
are  mixed  with  large  quantities  of  alcoholic  beverages,  such  as  rum,  cog- 
nac, and  the  hke.  They  are  not  inferior  to  ether.  But  a  heart  patient 
is  not  always  in  a  condition  to  take  enough  by  the  mouth,  besides  which 
the  effect  is  not  lasting  and  it  is  hardly  safe  to  repeat  the  dose  very  often. 

The  case  is  different  with  vrine.  In  the  case  of  those  who  are  not  used 
to  alcoholic  beverages  great  care  must  be  exercised.  The  effect  on  the 
brain,  the  excitement  and  secondary  depression  (''der  Rausch  and  der 
Jammer")  occur  in  heart  patients  as  in  others,  except  when  there  is 
fever.  Then  the  effect  of  alcohol  on  the  brain,  whether  the  patient  is 
accustomed  to  taking  it  or  not,  is  so  slight  that  it  requires  large  quantities 
to  produce  any  noticeable  effect. 

By  taking  into  consideration  the  heart  patient's  mode  of  life  and  the 
strength  of  the  heart  at  the  time,  the  administration  of  wine — ^which 
in  such  a  case  is  to  be  regarded  simply  as  a  drug — can  be  suitably  regu- 
lated. Not  even  those  who  forbid  the  use  of  wine  in  general  in  heart 
disease  will  take  an  exception  to  its  use  under  these  circumstances. 

The  Schott  brothers  (see  p.  160)  recommend  a  peculiar  method  of 
stimulating  the  heart  by  the  application  of  heat.  I  have  also  used  this 
method,  but  I  allow  the  heat  to  act  for  a  longer  time.  A  tin  receptacle 
covered  with  thin  fiannel  and  curved  so  as  to  adapt  itself  to  the  shape  of 
the  thorax*  is  filled  with  water  as  hot  as  the  patient  can  bear  and  applied 
to  the  precordia.  The  application  is  kept  up  for  days  or  weeks,  the  high 
temperature  being  continued.  The  part  of  the  chest  with  which  the 
fomentor  comes  in  contact  should  be  covered  wdth  a  thick  pad  of  woolen 
material  and  a  similar  covering  should  be  placed  aroimd  the  fomentor. 

In  some  cases  of  heart  disease,  particularly  of  acute  origin,  the  good 
effects  of  this  method  were  unmistakable ;  also  in  cases  of  chronic  muscu- 
lar weakness  when,  for  any  reason,  there  is  grave  disturbance  of  the  general 
condition  associated  with  palpitation  and  anxiety.  But  I  have  never 
been  able  to  demonstrate  any  permanent  effect  on  the  action  of  the  heart. 

*  An  article  of  this  kind  is  sold  in  the  stores  under  the  name  of  "fomentor." 
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The  application  of  cold  to  the  heart  is  a  common  practice  in  cases  of 
apparently  unnecessary  cardiac  excitement — palpitation,  anxiety,  and 
marked  increase  in  the  frequency  of  the  pulse.  There  is  no  objection  to 
this  practice.  According  to  my  experience  it  is  impossible  to  determine 
beforehand  whether  a  higher  or  a  lower  temperature  than  that  of  the  body 
will  benefit  the  patient,  so  that  I  always  allow  him  to  find  out  for  himself 
w^hich  is  more  acceptable. 

When  every  attempt  to  restore  the  strength  of  the  heart  proves  unsuc- 
cessful and  the  cardiac  weakness  attains  an  extreme  degree,  certain  special 
indications  must  be  met. 

Dropsy. — ^The  best  way  to  combat  dropsy  is  to  stimulate  the  action 
of  the  ladneys.  Digitalis,  by  virtue  of  its  action  on  the  heart,  indirectly 
stimulates  the  kidneys  and  causes  them  to  excrete  more  urine.  This  has 
already  been  mentioned.  The  number  of  true  diuretics  which  can  claim 
a  direct  action  on  the  glandular  tissue  of  the  kidneys  is  very  limited. 
Not  one  of  them  is  absolutely  reliable,  not  even  when  reinforced  by  other 
therapeutic  measures,  be  they  mechanic  or  medicinal,  for  stimulating 
the  action  of  the  heart,  although  an  attempt  to  do  this  should  always  be 
made.  The  value  of  combining  heart  stimulants  with  diuretics  is  most 
frequently  exemplified  when  digitalis  is  combined  with  calomel. 

CdUymd  is  one  of  the  best  diuretic  remedies  that  can  be  given  in  heart 
weakness.  It  may  be  ordered  in  the  dose  of  0.2  gm.  (3  gr.)  three  times  a 
day.  I  do  not  like  to  give  calomel  more  than  three  days  at  a  time,  be- 
cause I  have  never  been  able  to  satisfy  myself  that  any  good  is  accom- 
plished by  doing  so.  Others,  however,  set  the  Umit  at  twelve  days. 
If  the  drug  produces  much  diarrhea,  0.01  gm.  {\  gr.)  of  opium  may  be 
added  to  each  powder.  The  constitutional  effect  of  mercury  must  always 
be  borne  in  mind  and  the  patient  carefully  watched  accordingly.  If  the 
excretion  of  urine  is  increased  at  all,  it  usually  takes  several  days  for  the 
drug  to  develop  its  full  effect. 

J.  Bauer*  advises  against  the  use  of  calomel  "when  there  is  some 
disease  of  the  kidneys  in  addition  to  the  general  disturbance  of  the  circu- 
lation, in  cases  of  relatively  rapid  paralysis  of  the  heart  after  a  debauch 
and,  finally,  in  cases  of  extensive  degeneration  of  the  heart  muscle." 
Grave  disease  of  the  kidneys,  in  the  opinion  of  most  authorities,  contra- 
indicates  the  use  of  the  remedy,  and  this  view  is  well  founded.  In  the 
other  two  conditions  mentioned  by  Bauer  it  would  seem  to  be  difficult 
to  define  the  indications  accurately. 

Among  other  remedies  should  be  mentioned: 

CaffeiUf  which  has  a  specific  action  on  the  kidneys  besides  being  a  cardiac  stimu- 
lant. Thanks  to  Riegel,t  who  lays  down  rules  for  its  proper  employment,  the  drug 
has  come  into  favor  again.  His  observations  show  that  it  may  act  very  favorably. 
It  is,  however,  a  very  uncertain  remedy  and  cannot  be  relied  upon. 

Owing  to  its  great  solubility  in  water  and  the  permanency  of  the  solutions,  Riegel 
recommends  combinations  resulting  from  the  action  of  an  organic  acid,  salicylic, 
cinnamic  or  benzoic  on  sodium  and  caffein  as  a  base.  He  orders  0.2  gm.  (3  gr.) 
at  a  single  dose;  at  the  most  1.8  gm.  (27  grains),  usually  not  more  than  1.2  gm.  (18 
gr.),  in  twenty-four  hours.  A  newer  preparation  is  caffein  sulphuric  acid  (ooffein- 
sulfos&ure)  in  combination  with  sodium,  lithium,  and  strontium;  aifrnphorol  is  the 
nom  de  querre  for  the  sulfocombination,  to  which  the  designation  of  the  inorganic  sub- 
stance aesired  is  added.     Dose,  4  to  5  gm.  (60-75  gr.)  per  diem. 

*  "Allgemeine  Behandlung der  Kreislaufstdrungen,''  Penzoldt-Stintzing,  "Hand- 
buch  der  Therapie  innerer  Krankheiten,"  Jena,  Fischer,  S.  597  der  2.  Auflage,  1898. 

t"Ueber  die  therapeutische  Verwendung  der  Coffeinsalze  bei  Herzkrank- 
heiten,"  "  Verhandlungen  des  Congresses  fttr  innere  Med.,"  1884,  iii,  S.  292,  ff. 
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Theobromin,  which  is  closely  related  to  caffein,  is  to  be  mentioned  as  an 
almost  pure  cUm^tic.  Diuretin  (theobrominum  natrio-salicylicum)  is 
the  preparation  generally  used.  The  maximum  dose  is  1  gm.  (15  gr.); 
8  gm.  (2  drams)  in  twenty-four  hours.  It  is  best  prescribed  in  a  watery 
solution,  say  in  peppermint  water.  It  is  not  absolutely  certain  in  its 
effects,  but  has  a  number  of  successes  to  its  credit. 

I  still  occasionally  use  some  of  the  older  diuretic  remedies.  Necessity  is  the 
mother  of  prayer,  and  the  necessities  of  a  patient  with  dropsy  are  great,  but  I  cannot 
say  that  my  prayers  have  often  been  heard.  On  one  occasion  only  I  witnessed  a 
veritable  flood  of  urine  after  the  exhibition  of  the  followng  mixture,  which  contains 
such  a  multiplicity  of  the  vaunted  medicines  that  it  would  do  the  heart  of  any  old- 
time  apothecary  good  to  read  it: 

IJ.    Aoet.  scill 20.0  (5  drams) 

Liquor  potass,  carb.  q.  s.  ad  perfect,  saturation 

Aq.  petroselin 120.0  (4  ounces) 

Succ.  juniper,  inspissat 30.0  (1  ounce) 

Spirit,  aether,  nitros 20.0  (5  drams) 

M.    Sio. — One  tablespoonfui  every  two  hours. 

That  was  in  1870,  and  never  since  then  have  I  had  any  success  with  the  mixture, 
which  is  not  exactly  palatable. 

Large  quantities  of  water  can  be  extracted  from  the  body  by  means  of 
diaphoresis.  Pilocarpin  as  a  diaphoretic  is  by  no  means  a  harmless  drug, 
and  ought  not  to  be  used  too  freely.  The  best  preparation  is  a  solution 
of  the  chlorid,  and  it  should  be  given  h3rpodermically,  beginning  with  the 
dose  of  0.005  gm.  (iJ^gr.),and  under  no  circumstances  exceeding  0.02  gm. 
(igr.). 

Penzoldt  *  sa^s:  "The  remedy  is  not  only  permissible,  but  even  indicated  in 
desperate  cases  which  resist  other  methods  of  treatment;  but  the  physician  must  al- 
ways remember  that  he  is  using  a  two-edged  sword.  The  danger  of  collapse  must 
always  be  kept  in  mind.'* 

In  addition,  pilocarpin  stimulates  the  secretion  of  the  bronchial  mucous  mem- 
brane, and  its  action  in  tnis  respect  is  so  marked  that  even  Oertel,t  who  advocates  its 
use,  expresses  his  misgiving  as  follows:  "It  seemed  to  me  in  some  cases  that  the 
stimulant  effect  of  pilocarpm  on  the  secretion  of  mucus  in  the  air-passages  which  is 
accompanied  by  considerable  diminution  of  the  vital  capacity  of  the  lungs,  the  oc- 
currence of  spastic  neurosis  (singultus),  insufficient  breathing,  and  attacks  of  as- 
phyxia, is  even  more  dangerous  than  the  action  of  the  drug  on  the  heart  muscle.  This 
effect  on  ,the  bronchial  mucous  membrane,  to  be  sure,  is  only  occasional.  Under 
these  circumstances  the  increased  excretion  of  fluid  into  the  bronchi  may  give 
rise  to  a  series  of  unpleasant  accidents  which  may  endanger  the  patient's  life.  On 
the  other  hand,  when  the  lungs  are  free  and  the  heart  is  not  too  weak,  the  injections 
are  always  well  borne." 

It  is  my  impression  that  pilocarpin  has  never  become  popular  in  general 
practice. 

The  method  formerly  in  vogue  of  combating  dropsy  in  heart  patients 
by  inducing  watery  evacuations  from  the  bowel  is  practically  never  re- 
sorted to  at  the  present  time. 

We  must  resort  chiefly  to  physical  methods  of  treatment,  and  it  is 
obvious  that  the  effect  they  produce  on  the  skin  is  of  primary  importance. 
Various  methods  are  employed  to  induce  profuse  sweating.  However 
they  may  be  applied,  the  fundamental  principle  laid  down  by  Lieber- 
meistert  always  holds  good:    "Sweat  secretion  is  brought  about  by  all 

*Loc.ctt.,  p.  256.  t  "  Handbuch,"  S.  100. 

t  "Anwendung  der  Diaphorese  bei  chronischem  Morbus  Brightii,"  ''Gesammelte 
Abhandlungen,"  Leipzig,  F.  C.  W.  Vogel,  1889,  S.  148. 
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those  conditions  which  bring  the  temperature  of  the  external  skin  approx- 
imately to  the  level  of  the  temperature  of  the  interior  of  the  body." 

The  indication  can  be  met  by  applying  heat  from  the  outside,  which 
may  be  effected  in  the  following  ways: 

1.  By  means  of  baths  of  a  temperature  higher  than  that  of  the  body. 
The  heat  is  taken  up  by  the  skin  imtil  it  has  been  raised  to  a  state  of 
equilibrium  with  the  interior  of  the  body,  after  which  the  skin  gives 
off  heat  to  the  body. 

Liebermeister  employed  baths  of  gradually  increasing  temperatures 
up  to  42°  C.  (107.6®  F.)  and  over.  After  the  bath  the  patient  is  wrapped 
in  blankets  for  several  hours.  The  secretion  of  sweat  begins  while  he  is 
in  the  pack  and  may  be  very  profuse;  in  the  case  of  kidbey  patients  a 
loss  of  over  two  Uters  by  weight  has  been  observed  after  a  sweat-bath. 

2.  By  the  so-called  Russian  steam-baths,  which  were  probably  first 
employed  on  a  large  scale  in  Bartels'  clinic.  The  patient  is  exposed  to  a 
temperature  of  about  50®  to  55®  C.  (122®  to  131®  F.)  and  becomes  satur- 
ated with  aqueous  vapor.  After  the  patient  leaves  the  steam-bath  he  is 
also  wrapped  in  blankets. 

There  is  no  fimdamental  difference  between  these  two  procedures. 
They  both  produce  a  rise  in  the  temperature  of  the  body,  which  in  a 
given  case  may  be  quite  considerable.  Thus  Liebermeister  found  that 
after  a  protracted  bath,  when  the  temperature  was  gradually  raised  to 
42.2®  C.  (108®  F.),  a  temperature  of  39.6®  C.  (103.2®  F.)  was  recorded 
in  the  mouth.  After  a  steam-bath  of  56®  to  60®  C.  (132.8®  to  140®  F.) 
I*  observed  a  rectal  temperature  of  40.7®  C.  (105.2®  F.).  The  steam- 
bath  causes  a  much  more  rapid  rise  of  the  body  temperature  than  a 
gradually  heated  ordinary  tub-bath,  and  this  may  be  productive  of  very 
grave  symptoms  which,  in  my  opinion,  constitute  an  absolute  contraindi- 
cation to  the  use  of  Russian  baths  in  all  cases  of  cardiac  weakness. 

The  contraindication  to  the  use  of  gradually  heated  tub-baths  is  less 
positive;  nevertheless,  too  great  an  increase  of  the  patient's  temperature, 
which  is  always  followed  by  an  increase  in  the  heart's  action,  must  be 
avoided  in  administering  these  baths.  Another  difficulty  is  that  the 
dropsical  condition  of  the  skin  in  heart  patients  interferes  with  the  copious 
secretion  of  sweat,t  and  that  is  probably  the  reason  why  the  procedure, 
which  is  so  useful  in  kidney  patients,  is  so  rarely  employed  in  cases  of 
heart  weakness. 

3.  In  the  hotrair  or  so-called  IrishrRoman  baths  the  patient  is  exposed 
to  heated  air  of  the  temperature  of  about  60®  C.  (122®  F.),  containing  but 
little  aqueous  vapor.  The  skin  becomes  greatly  heated  and  excretes 
sweat  in  abundance,  the  evaporation  of  which  renders  sufficient  heat 
latent  to  keep  the  patient's  temperature  normal,  or  at  least  to  permit  only 
a  very  moderate  rise.  To  guard  against  an  undue  rise  in  the  temperature, 
the  patient  may  be  allowed  to  breathe  ordinary  air  while  his  body  is 
exposed  to  the  superheated  air  of  the  apartment. 

A  number  of  contrivances  have  recentlv  been  devised  for  administering  a  hot- 
air  bath  in  the  sitting  or  lying  posture  and  allowing  the  patient  to  breathe  the  outside 
air.  Either  aqueous  vapor  or  heated  air  may  be  used.  Bauer  (loc,  cU.,  p.  591) 
describes  such  an  apparatus  briefly  as  follows:  A  wire  frame  corresponding  in  length  to 
the  length  of  the  patient's  bodvfrom  the  shoulders  to  the  feet  is  covered  with  blankets, 
leaving  only  the  nead  free.  Steam  or  hot  air  is  then  conducted  into  the  closed  space 
by  means  of  a  pipe. 

♦  "Deutsches  Archiv  fOr  klinische  Medicin,"  1868,  Bd.  iv,  S.  357. 
t  See  Liebermeister,  **  Abhandlungen/'  S.  147. 
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Unfortunately,  there  are  times  when  all  these  measures  fail  and  the 
physician  is  obliged  to  remove  the  effusions  by  external  drainage.  This 
he  is  always  reluctant  to  do,  for  in  most  cases  it  brings  only  temporary 
relief  and  may  be  productive  of  harm. 

Hydrothoraz  (hydrops  pleurae)  is  not  a  frequent  occurrence.  Large 
accumulations  of  fluid  in  both  pleural  cavities  are  not  well  borne  by 
heart  patients,  and  their  appearance  is  really  a  sign  that  the  end  is  near; 
for  the  kidneys  imder  such  conditions  are  rarely  free  from  grave  disease. 
As  a  rule,  the  accumulation  is  small  and  causes  only  slightly  insufficient 
expansion  of  the  lungs. 

In  cases  of  ascites  removal  of  the  fluid  may  give  the  patient  great 
relief  and  is  occasionally  followed  by  considerable  increase  in  the  excre- 
tion of  urine. 

One  cannot,  of  course,  count  on  the  latter  result,  and  the  evacuation 
of  the  fluid  is  not  always  followed  by  an  improvement  in  the  patient's 
appetite,  digestion,  and  assimilation.  But  these  advantages  ought  per- 
haps to  be  taken  into  account  and  may  counterbalance  the  disadvantage 
incident  to  the  loss  of  body  material,  especially  albumin,  which  neces- 
sarily accompanies  evacuation  of  the  fluid.  Personally,  I  do  not  believe 
this  loss  is  very  great.  On  the  other  hand,  I  quite  agree  with  those  phy- 
sicians who  defer  the  first  paracentesis  as  long  as  p>ossible  and  repeat  it 
rarely.  But  when  the  ascites  is  causing  the  patient  great  suffering,  I 
never  hestitate  to  operate. 

Anasarca. — ^The  technic  of  procedures  for  the  removal  of  cutaneous 
dropsy  has  not  reached  a  high  stage  of  perfection.  The  over-stretched 
skin  must  not  be  allowed  to  rupture  and  must,  therefore,  be  punctured  or 
incised,  after  which  precautions  must  be  taken  to  guard  the  parts  adjacent 
to  the  punctured  or  incised  wound  from  the  injurious  effects  of  constant 
maceration  with  the  fluid,  which  softens  the  protecting  covering — the 
epidermis.  Inflammatory  and  destructive  processes,  from  simple  eczema 
to  septic  infection  or  gangrene,  are  then  apt  to  develop.  Even  when  great 
care  is  exercised,  the  dressings  sometimes  will  not  take  up  all  the  fluid, 
which  may  spread  over  other  parts  of  the  body  and  give  rise  to  great  dis- 
comfort or  even  become  a  source  of  great  danger. 

Cleanliness  and  disinfection  are  absolutely  necessary.    . 

Various  procedures  are  available.  Puncture  with  the  trocar,  after 
Southey  (Southey's  trocars),  is  frequently  employed  [and  is  infinitely 
safer — Ed.].  The  trocar  and  cannula,  the  latter  about  4  cm.  in  length  and 
1.5  to  2  mm.  in  width,  are  introduced  into  the  subcutaneous  connective 
tissue;  the  trocar  is  then  withdrawn,  leaving  the  cannula  in  place,  and 
rubber  tubes  are  attached  which  take  up  the  escaping  fluid  and  convey  it 
into  a  vessel.  [Southey's  trocars  as  sold  are  smaller,  but  even  with  them 
one  can  take  away  enormous  quantities  of  fluid  without  discomfort. — 
Ed.] 

Another  procedure,  which  does  not  seem  to  me  to  have  obtained  the 
recognition  that  it  deserves  when  carefully  carried  out,  is  drainage  by 
means  of  a  funnel,  as  suggested  by  Straub.*  The  funnel  should  be  small, 
with  smooth,  well-rounded  edges,  the  upper  opening  about  4  to  5  cm.  in 
diameter.  A  rubber  tube  about  4  mm.  in  diameter  having  been  attached 
to  the  lower  end  of  the  funnel,  the  latter  is  firmly  applied  to  the  point 
from  which  the  fluid  is  to  be  removed,  after  the  skin  has  been  punctured 

*  ''Beitrag  zur  operativen  BehandlungderOedeme  der  Haul/' Tubingen  disserta- 
tion, under  v.  Liebermeister.     1882. 
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in  two  or  three  places.  The  funnel  is  held  firmly  in  place  until  the  escap- 
ing fluid  has  filled  the  rubber  tube,  the  end  of  which  is  immersed  in  a  ves- 
sel of  water  by  the  side  of  the  bed.  In  this  way  the  action  of  gravity  is 
utilized  and  can  be  increased  or  diminished  at  will  by  changing  the  dis- 
tance between  the  punctiu*ed  area  in  the  skin  and  the  opening  of  the  rub- 
ber drainage-tube. 

The  following  method  was  recently  recommended  by  P.  Fiirbringer:* 
''A  cannula  with  a  lumen  of  5  to  6  mm.  is  inserted  into  the  tissue  as  nearly 
flat  as  possible  and  parallel  to  the  surface  of  the  skin,  that  is,  close  to  the 
corium,  and  brought  out  again  through  the  skin  at  the  opposite  end — in 
other  words,  the  subcutaneous  space  is  tunneled.  Next  a  rubber  tube, 
about  two  meters  in  length,  and  just  large  enough  to  fit  inside  the  cannula, 
and  provided  at  its  middle  with  three  openings  for  drainage  a  few  cen- 
timeters apart,  is  introduced  so  that  the  section  of  the  tube  containing 
the  openings  corresponds  to  the  channel  made  by  the  cannula,  after  which 
the  latter  is  removed  by  slipping  it  over  the  drainage-tube.  The  two 
extremities  of  the  latter  are  placed  in  a  vessel  of  water,  and  the  entire 
contrivance  is  held  in  place  much  in  the  same  way  as  a  hair-pin  on  a 
woman's  head,  and,  being  practically  in  equilibrium,  requires  no  other 
support.  An  ordinary  loose  antiseptic  drying  is  all  that  is  needed. 
The  living  tissues  around  the  tube  soon  close  up,  so  that  the  escape  of 
fluid  from  the  two  wound  openings  ceases  altogether."  The  method  de- 
serves to  be  carefully  tried ;  Fiirbringer  has  used  it  successfully  in  six  cases. 

Simple  puncture  and  incision  remain  to  be  mentioned.  Furbringerf 
recommended  scarification  by  means  of  long  deep  incisions  in  the  depen- 
dent portions  of  the  body,  which  should  be  supported  on  pads  of  peat. 

Gumprecht  suggests}  moss  pads  as  suitable  for  taking  up  the  escaping 
fluid.  He  refers  to  Fiirbringer's  procedure  and  also  suggests  that  the 
scarified  limbs  be  suspended  with  gauze  bandages  so  as  to  hang  clear 
of  the  pads. 

C.  Gerhardt§  employs  puncture  and  observes  all  the  precautions 
customary  in  major  operations.  The  skin  having  been  cleansed  with 
scrupulous  care,  from  four  to  eight  punctures  are  made  on  the  antero- 
lateral surface  of  each  thigh.  The  patient  during  the  operation  is  placed 
in  an  armrchair  with  the  legs  supported  on  a  board,  which  is  placed  over  a 
wooden  vessel.  As  soon  as  the  pimctures  have  been  made,  a  heavy  dress- 
ing, consisting  first  of  gauze  next  to  the  skin,  and  over  that  thick  layers 
of  sterilized  cotton,  is  applied  to  the  thighs,  with  a  few  turns  of  a  gauze 
bandage.  During  the  day  the  patient  remains  in  the  arm-chair  as  long 
as  he  can,  and  when  he  is  in  bed,  the  legs  are  supported  on  water-proof 
pads.  As  soon  as  the  cotton  has  become  saturated,  usually  once  or  twice 
a  day,  the  pads  are  rapidly  changed,  the  attendant  first  carefully  cleans- 
ing his  hands.  If  the  cotton  or  gauze  has  stuck  to  the  puncture  woimds, 
it  must  be  loosened  with  a  3  per  cent,  solution  of  carbolic  acid  or  a  0.5 
per  cent,  solution  of  bichlorid  of  mercury. 

*  *'  Zur  mechanischen  Behandlungdes  Hautddems  (subcutane  Schlauchdrainage)/' 
"Deutsche  medicinische  Wochenschrift,"  1899,  S.  6  ff. 

t  **  Ueber  die  Behandlung  des  Hydrops,"  "  Deutsche  medicinische  Wochenschrift," 
1890,  S.  233  ff. 

t  "Die  Technik  der  speciellen  Therapie,"  Fischer,  Jena,  1898.  The  section 
devoted  to  the  mechanic  treatment  of  anasarca,  which  is  very  carefully  done,  begins  on 
p.  298. 

$" Ueber  Einstiche  in  das  Unterhautbindegewebe,"  ''Deutsche  medicinische 
Wochenschrift,"  1892,  S.  137. 
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Large  quantities  of  fluid  can  be  withdrawn  from  the  skin  by  means 
of  these  procedures. 

Gerhardt  has  seen  as  much  as  10.3  liters  (quarts)  drawn  off  in  a  single 
day.  The  systemic  effect  of  removing  the  serum  from  a  dropsical  slnn 
may  either  manifest  itself  by  an  immediate  increase  in  the  excretion  of 
urine,  or  diuretic  remedies,  which  imtil  then  had  had  no  effect,  will  now 
become  efficacious.  On  the  other  hand,  fatal  accidents  have  been  observed 
when  the  fluid  was  withdrawn  too  rapidly,  death  taking  place  with  the 
symptoms  of  autointoxication,  cerebral  anemia,  or  paralysis  of  the  heart. 

[Dechloridration,  or  the  treatment  by  limitation  of  sodium  chlorid, 
has  a  place  in  the  treatment  of  cardiac  dropsy,  though  its  chief  importance 
is  in  nephritis.  A  complicating  nephritis,  of  course,  often  coexists  with 
a  heart  lesion,  and  then  furnishes  its  own  indication  for  "salt-free" 
diet,  but  even  in  cases  of  cardiac  anasarca  without  evidences  of  nephritis 
the  treatment  is  often  useful.  It  consists,  in  the  first  place,  in  leaving 
out  all  the  salt  that  is  usually  added  in  the  preparation  of  food,  as  from 
bread,  meats,  and  butter,  for  the  amount  of  salt  naturally  in  most  foods 
is  so  small  as  to  be  negligible.  Milk  diet  is  salt-free  in  the  sense  used; 
bouillon  is  not.  In  strict  salt-free  treatment  the  diet  must  be  specified 
with  reference  to  the  sodium  chlorid  content,  as  well  as  to  the  calories. 
Some,  but  not  all,  patients  object  seriously  to  the  withdrawal  of  salt, 
but  almost  all  of  them  soon  become  accustomed  to  the  change.* — Ed.] 

Many  heart  patients  suffer  from  insomnia  and  one  naturally  wishes 
to  give  them  a  good  night's  sleep  from  time  to  time.  The  question  is 
what  remedies  may  be  allowed  and  which  are  to  be  avoided  under  such 
circumstances? 

Chloral  hydrate  1  personally  never  use  under  any  circumstances.  Shortly  after 
the  introduction  of  this  otherwise  excellent  remedy  in  the  year  1870  1  observed  such 
disastrous  results  from  the  administration  of  1  gm.  (15  ^.)  in  a  patient  of  mine  whose 
heart  was  not  even  seriously  affected  that  I  have  never  since  that  time  ordered  chloral 
in  any  case  of  chronic  cardiac  weakness.    This  has  since  become  a  general  rule. 

Chloraljormarnid  is  less  dangerous  than  chloral  hydrate  and  has  even  been  recom- 
mended by  some  authorities;  but  this  drug  also  has  been  known  to  produce  unpleasant 
symptoms  in  heart  patients.  It  should  not  be  given  in  a  larger  dose  than  1  gm. 
(15  gr.)  at  first. 

Sulfonalf  trional,  and  tetronal  do  not  act  very  well  in  advanced  cases  of  heart 
weakness,  as  they  reduce  the  blood  pressure  and  injure  the  red  blood-corpuscles. 

This  leaves  practically  nothing  but  morphin,  which,  however,  must 
be  used  with  the  greatest  caution. 

I  prefer  hjrpodermic  injections  because  of  the  certainty  that  the  dose 
will  be  taken  up  in  a  short  time  when  that  method  of  administration  is 
used;  while  absorption  through  the  gastro-intestinal  tract  may  be  delayed 
and  we  do  not  know  the  possible  extent  of  this  delay,  so  that  the  remedy 
is  imcertain  as  a  hypnotic  when  given  by  the  mouth.  The  influence  of 
morphin  on  the  respiratory  center  must  never  be  neglected.  In  bronchial 
catarrh  attended  by  the  secretion  of  large  quantities  of  tenacious  mucus 
requiring  cough  for  its  removal,  morphin  must  not  be  given. 

I  am  in  the  habit  of  giving  0.005  gm.  (tVSt-)  at  a  single  dose — never 
more  than  0.01  gm.  {\  gr.). 

The  question  of  veTteBedion  finally  remains  to  be  discussed.  Person- 
ally, I  have  not  had  enough  experience  with  the  method.    The  few  cases 

♦  See  "La  Cure  de  D^hloruration,"  by  Widal  and  Javal,  Paris,  1906.  "The 
Dechloridration  Treatment  in  Diseases  of  the  Heart/'  Ernest  Bari^,  "Inter- 
national Clinics,''  vol.  i,  sixteenth  series,  p.  26. 
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of  rapidly  developing  failure  with  pulmonary  edema  in  the  course  of  a 
pneumonia  in  which  I  have  had  an  opportunity  of  noting  the  effects  of 
venesection  have  not  made  me  an  enthusiastic  supporter  of  the  proo^ure. 
How  it  acts  in  cases  of  slowly  developing  cardiac  weakness  I  cannot  say 
from  my  own  observation.  Liebermeister*  expresses  himself  as  follows 
on  this  point: 

"Cases  are  frequently  seen,  particularly  in  heart  disease,  in  which 
copious  bleeding  would  be  useful  and  life  could  be  saved  by  a  timely  vene- 
section. In  our  clinic  here  in  Leipzig  venesection  is  not  infrequently 
resorted  to  in  the  case  of  patients  with  severe  disturbance  of  compensa- 
tion^ and  we  have  often  succeeded,  by  means  of  the  procedure,  in  keeping 
patients  alive  for  a  time  when  they  were  on  the  point  of  death  from  ex- 
treme heart  weakness.  Indeed,  in  a  few  cases  the  procedure  was  so  success- 
ful that  compensation  was  gradually  restored  for  a  considerable  length 
of  time." 

The  indications  mentioned  by  Liebermeister,  aside  from  the  usual 
ones, — threatening  pulmonary  edema  and  threatening  cerebral  hemor- 
rhage, although  he  does  not  consider  the  last  of  any  practical  value  be- 
cause he  says  it  is  rarely  possible  to  foresee  a  cerebral  hemorrhage, — are 
the  following: 

"1.  The  stagnation  of  blood  in  the  cerebral  veins  when  sufficient, 
either  directly  or  through  the  resulting  cerebral  edema,  to  interfere 
markedly  with  the  mental  functions. 

"  2.  When  digitalis  and  other  remedies  have  failed  and  the  patient  is  in 
danger  of  dying  from  excessive  diminution  of  the  force  of  the  circulation." 

By  way  of  explanation  he  adds:  "Even  the  older  physicians  be- 
lieved that  venesection  was  indicated  in  heart  disease  by  a  smdll,  inter- 
mittent pulse  and  coldness  of  the  extremities;  we  may  add  that  the  more 
marked  the  signs  of  venous  plethora,  distention  of  the  visible  veins,  and 
excessive  cyanosis,  the  more  urgently  is  blood-letting  indicated.  Who- 
ever has  made  an  autopsy  in  cases  of  death  from  failure  of  compensation 
and  has  seen  the  enormous  quantities  of  blood  accumulated  in  the  veins 
and  cavities  of  the  heart  must  have  entertained  the  thought  that  copious 
blood-letting  would  have  been  the  thing  to  do  in  such  a  case." 

"  3.  In  cases  in  which,  when  the  patient  is  first  seen,  the  diminution 
of  the  circulation  is  so  great  that  there  is  no  time  for  digitalis  or  any 
other  drug  to  act  and  no  remedy  except  stimulants  can  be  employed 
because  death  appears  to  be  imminent.  In  such  cases  venesection  may 
afford  a  respite  and  the  time  thus  gained  may  enable  the  physician  to 
obtain  a  good  therapeutic  result." 

I  shall  confine  myself  to  a  few  general  remarks: 

Venesection  is  a  mechanic  procedure.  The  abstraction  of  blood 
from  the  vein  diminishes  the  amount  of  blood  that  enters  the  right  auricle 
and  thus  lessens  distention  of  that  chamber  and  of  the  right  ventricle. 
This  enables  the  right  side  of  the  heart  to  contract  more  completely  and 
to  force  more  blood  into  the  left  heart.  The  larger  the  column  of  blood 
that  enters  the  aorta,  the  greater  will  be  the  supply  of  blood  to  the  heart, 
thus  improving  its  nutrition  and  increasing  its  functional  power.  An- 
other important  effect  of  venesection  is  the  absorption,  by  the  general 
circulation,  of  the  fluid  from  the  edematous  lungs  and  consequent  libera- 
tion of  pulmonary  surface  for  the  interchange  of  gases. 

♦  "Vorleaungen  tiber  specielle  Pathologie  und  Therapie,"  Bd.  iv,  ^'Krankheiten 
der  Brustorgane/'  F.  C.  W.  Vogel,  Leipzig,  1891,  S.  431  ff. 
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Granting  that  all  the  indications  are  present  in  a  given  case,  it  then 
becomes  necessary  to  perform  venesection  in  as  short  a  time  as  possible; 
the  blood  must  be  allowed  to  escape  from  a  widely  opened  vein  if  the 
pressure  on  the  right  heart  is  to  be  adequately  relieved. 

Liebenneister  refers  to  a  technical  difficulty:  "Sometimes,  when  the  veins  are 
greatly  distended ,  the  blood  escapes  very  freely  at  first  on  opening  the  vein;  but 
after  a  time,  as  very  little  blood  enters  the  veins  from  the  capillaries,  the  blood  only 
escapes  drop  by  drop."  In  such  a  case  the  patient  should  be  made  to  work  the  mus- 
cles of  the  part  where  venesection  has  been  performed  as  much  and  vigorously  as 
possible,  and  the  part  should  also  be  massaged  in  the  direction  from  the  capillaries 
toward  the  venous  trunks,  a  procedure  which  was  tried  and  found  to  be  effective  by 
the  older  physicians. 

That  the  actual  loss  of  blood  is  not  desirable  is  pretty  generally  ad- 
mitted. The  rule  is  to  remove  the  smallest  possible  quantity  of  blood  in 
as  short  a  space  of  time  as  possible.  This  is  positive.  Another  rule  is 
that  the  procedure  must  not  be  repeated  at  frequent  intervals.  By  means 
of  venesection  we  gain  time  either  for  recovery  to  take  place  by  natural 
processes,  as  by  crisis  in  a  croupous  pneumonia,  for  example,  or  to  enable 
a  therapeutic  procedure  to  develop  its  effect.  It  may  be  worth  mention- 
ing that  the  emplo3rment  of  heart  stimulants  in  combination  with  venesec- 
tion performed  in  the  presence  of  the  above  indications  was  warmly 
recommended  by  the  older  physicians. 

I  do  not  feel  called  upon  to  enter  any  further  into  the  doctrine  of 
venesection.  The  opinion  which  I  gave  long  ago  I  have  had  no  reason  to 
change  in  the  course  of  time.*  But  facts  are  more  important  than  theo- 
retic considerations,  and  observations  such  as  liebermeister  reports  must 
receive  due  consideration. 

*Ck>mpare  JUrgensen,  "  Blutentziehungen,"  in  v.  Ziemssen's  ''Handbuch  der 
allgemeinen  Therapie,"  Bd.  i,  2, 1880. 
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INTRODUCTION. 

The  description  of  endocarditis  which  I  present  varies  in  some  respects 
from  that  orcUnarily  given  in  text-books.  The  reason  of  this  is  that  in 
my  material  I  have  been  able  to  observe  most  cases  from  the  very  outset 
and  to  trace  them  through  many  years.  In  this  manner  I  have  gained 
views  that  differ  somewhat  from  those  ordinarily  accepted. 

I  need  not  dwell  upon  the  fact  that  in  this  clinical  study  of  endocardia 
tis  I  depend  chiefly  upon  my  own  experience.  I  set  myself  the  task  of 
presenting,  in  the  most  thorough  manner  possible,  the  facts  as  I  have  seen 
them,  and  each  reader  may  judge  from  these  what  material  I  had  at  my 
disposal,  and  what  I  lacked. 

I  do  not  think  it  is  correct  to  regard  endocarditis  as  a  separate  entity. 
''Pancarditis" — this  will  be  the  diagnosis  of  the  future.  But  he  who 
makes  this  diagnosis  must  know  how  to  distinguish  the  various  parts 
which  compose  the  whole,  and  to  weigh  the  relative  importance  of  each. 
The  object  should  be,  of  course,  in  each  individual  case  to  analyze  the 
composite  picture  of  pancarditis  into  its  constituents — endocarditis, 
myocarditis,  and  pericarditis.  We  must  remember,  however,  that  these 
elements  are  only  parts  of  the  same  disease.  One  hundred  years  from 
now  the  nerves  of  the  heart  will  also  receive  the  attention  which  they 
merit. 

It  is  difficult  to  determine  whether  the  various  etiologic  factors  which 
affect  the  heart  exercise  any  special  influences  upon  the  various  tissues 
of  this  organ;  for  example,  whether  streptococci  affect  the  myocardium 
more  frequently  than  staphylococci,  etc.  In  my  opinion,  we  are,  in  this 
respect,  still  in  darkness,  wWch  is  scarcely  relieved  by  a  ray  of  light. 

The  observations  which  I  have  made  myself  are  possibly  applicable 
only  at  the  place  and  the  time  at  which  they  were  made,  and,  therefore, 
my  description  is  possibly  only  of  limited  value.  Yet,  it  is  also  possible 
that  it  may  call  attention  to  apparently  insignificant  details  which  may 
facilitate  the  early  recognition  of  heart  disease.  This  is,  indeed,  of  great 
importance  for  the  patient. 

An  exposition  of  our  knowledge  of  endocarditis  which  coincides  with 
observations  at  the  bedside  must  be  based  upon  the  following  principles: 

1.  That  endocarditis  is  always  part  of  a  general  infection  the  severity 
of  which  determines  the  clinical  course. 

2.  That  the  endocardium  is  never  affected  alone,  but  also  the  entire 
heart.  The  work  of  the  heart  may  be  interfered  with  by  insufficient 
closure  of  the  diseased  valves,  or  as  the  result  of  the  narrowness  of  their 
orifices,  but  also  in  consequence  of  the  loss  of  power  in  the  heart  muscle, 
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following  lesions  which  affect  this  structure  directly,  and  which  arise 
from  either  inflammatory  or  degenerative  processes. 

We  cannot  at  present  decide  the  extent  to  which  the  nervous  struc- 
tiu*es  contained  within  the  heart  take  part  in  the  disease. 


HISTORIC  NOTES. 

The  fundamental  work  on  endocarditis  we  owe  to  Bouillaud.*  He 
states  correctly  that  a  very  insufficient  knowledge  of  endocarditis  was 
exhibited  by  writers  who  preceded  him,  and  even  Laennec  speaks  of 
endocarditis  as  a  "very  rare"  disease.  Bouillaud  asserts  that  endocar- 
ditis occiu^  at  least  with  the  same  frequency  as  pericarditis,  and  adds 
that  the  time  is  not  distant  when  his  opinion  will  be  generally  accepted. 
This  prophecy  has  been  fulfilled. 

The  anatomic  portion  of  Bouillaud's  book,  although  excellent  for 
the  time  when  it  was  written,  of  necessity  had  to  succumb  to  the  changes 
which  were  wrought  during  the  great  advances  in  pathology  subsequently 
made.  Yet  his  recognition  of  the  connection  between  endocarditis  and 
acute  articular  rheumatism,  sepsis,  and  pneumonia,  remains  to  this  day. 
Bouillaud  also  observed  correctly  the  relation  of  the  endocarditis  to  the 
valvular  lesion,  and  its  recurrence  in  cases  in  which  such  lesions  have 
once  developed. 

It  is  interesting  to  note  thie  position  which  Bouillaud  takes  upon  the 
question  as  to  whether  other  portions  of  the  heart  are  involved  in  the 
inflammation  of  the  endocardium  and,  if  so,  which  portions  of  this  organ 
are  so  affected.  Pericarditis  is  by  no  means  a  rare  accompaniment  of 
endocarditis,  and  his  Case  13  presents  an  excellent  example  of  this  kind. 
In  speaking  of  "carditis"  (myocarditis,  according  to  our  nomenclature), 
he  saysf :  "  I  have  never  met  a  case  of  carditis  which  was  not  complicated 
with  endocarditis  or  pericarditis,  and  I  must  admit  that  the  symptoms 
of  these  last  two  inflammatory  conditions  took  my  entire  attention." 

This  utterance  enables  us  to  understand  how  the  myocardial  lesions 
which  are  not  made  evident  by  striking  physical  signs  have  been  treated 
like  Cinderella  from  the  start. 

Even  the  voice  of  a  Stokes  was  not  heeded  when  it  gave  the  muscle 
that  which  this  structure  merited. 

It  is  characteristic  how  little  importance  was  attributed  to  the  fundamental 
principles  expressed  by  Stokes,  even  by  such  a  prominent  physician  as  Bamberger. 
I  may  quote  onlv  one  place  to  show  how  clearlv  Stokes  expressed  his  opinion:  '^  It  is, 
then,  in  the  vital  and  anatomic  conditions  of  the  mtLscular  fibers  that  we  find  the  key 
of  cardiac  pathology;  for,  no  matter  what  the  affection  may  be,  its  symptoms  mainly 
depend  on  the  strength  or  the  weakness,  the  irritability  or  the  paralysis,  the  anatomic 
health  or  the  disease  of  the  cardiac  muscle."t 

Bamberger  §  criticizes  several  passages  in  Stokes'  treatise,  and  con- 
tinues as  follows:  "Every  impartial  reader  who  is  acquainted  with 
the  subject  must  say  that  we  have  learned  nothing  new  from  Stokes' 

*  "Traits  clinique  des  maladies  du  coeur,"  Paris,  J.  B.  Baillidre,  1835,  vol.  ii, 
pp.  1-253.  German  translation  by  A.  F.  Becker,  Leipzig,  Gustav  Wuttig,  1836,  vol. 
ii,  pp.  1-150. 

t  Loc.ci*.,  p.  302. 

j  "Handbuch  der  Krankheiten  des  Herzens  und  der  Aorta,"  by  Dr.  William 
Stokes,  translated  by  Dr.  J.  Lindwurm,  WOrzburg,  Stahel,  1854,  p.  110. 

§  ''Beitr£lge  zur  Physiologic  und  Pathologic  des  Herzens,"  "Virchow's  Archiv," 
Bd.  ix  (1856),  p.  540. 
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book  in  Germany;  that  many  of  his  opinions  are  decidedly  wrong,  and 
that  Stokes  does  not  know  many  things  which  we  have  known  for  a  long 
time  in  Germany."* 

The  description  of  the  symptoms  of  endocarditis  was  given  by  Bouil- 
laud  in  an  excellent  manner,  and  was  based  upon  numerous  cases.  The 
man  was  able  to  see — that  is  the  impression,  at  any  rate,  which  one  gains 
from  his  descriptions.  He  was  not  so  good,  however,  as  regards  treat- 
ment. He  used  to  order  an  almost  incredible  amount  of  blood-letting. 
Thus,  in  a  young  man  aged  seventeen  years,  Bouillaud  removed  3180 
gm.  of  blood  in  ten  days.  But  it  is  true  that  this  was  his  worst  case. 
(Observation  No.  84.)  The  work  of  Virchowf  brought  a  great  deal  of 
knowledge  on  the  subject  of  endocarditis  into  prominence.  Autopsies 
performed  with  a  thoroughness  which  had  not  been  known  until  then; 
careful  observations  at  the  bedside;  conclusions  which  an  astute  creative 
mind  drew  from  these,  and  which  were  tested  by  the  simple  method 
of  experiment;  great  and  small  things  both  weighed  in  their  relative 
importance — all  these  showed  the  master. 

In  the  course  of  time  questions  arose  as  to  the  real  etiologic  factor  of 
endocarditis.  Yirchow,  in  1856,  observed,  in  a  case  of  septic  endocar- 
ditis,t  certain  rounded  or  oval  masses  of  small  granules  embedded  in  a 
small  amount  of  hyaline  material  which  acted  in  a  peculiar  manner 
toward  reagents:  "If  it  were  possible  to  connect  these  bodies  found  in 
the  blood  with  endocarditis,  then  the  connection  (between  the  general 
disturbances  and  the  organic  lesions  in  the  case  under  discussion)  could 
be  more  easily  established.  Yet  I  must  admit  that  it  is  advisable  to 
await  the  results  of  further  investigations  in  this  direction." 

The  beginning  of  the  investigations  as  to  the  cause  of  endocarditis 
may  be  traced  to  the  observations  of  the  Norwegian  authors,  Winge 
and  Hjalmar  Heiberg  (1869).  Robert  Koch  then  created  methods 
which  permitted  the  isolation  and  study  of  the  pathogenic  microbes. 
These  are  but  milestones  upon  the  way  thus  far  traversed.§ 
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The  pathogenic  microbes  which  are  known  to  bear  some  relation  to 
endocarditis  are  the  following:  The  staphylococci,  especially  Staphylo- 
coccus pyogenes  aureus;  Streptococcus  pyogenes,  in  its  various  sub- 
t3rpes;  the  diplococcus  of  pneumonia.  [Wells  found  endocarditis  noted 
in  3  per  cent,  of  all  cases,  or  4  per  cent,  of  all  fatal  cases  in  his  large  statis- 
tics. But  in  517  postmortem  reports,  endocarditis  was  noted  in  22 
per  cent.,  a  proportion  probably  more  correct  than  the  smaller  one. 
Lesieur  produced  endocarditis  in  rabbits  by  subcutaneous  injection  of 
pneumococci.  Pneumococcus  endocarditis  may  occur,  of  course,  with- 
out present  or  past  pneumonia,  sometimes  without  other  organisms, 

*  [The  criticism  was  directed  chiefly  against  Stokes'  views  regarding  mitral 
murmurs.    See  Stokes  for  his  side  of  the  polemic. — Ed.] 

t  ''Thrombose  und  Embolic,  Gefassentzilndung  und  septische  Infection/' 
"Gesammelte  Abhandlungen  zur  wissenschaftlichen  Medicin,"  Hamm,  G.  Grote, 
1862,  S.  21»-732.  J  Loc.  cU.,  p.  711  et  se^  case  II. 

§  The  Bacteriologic  Literature  in  Baumgarten's  "  Jahresberichten."  Refer  also 
to  the  extensive  works  of  Weichselbaum,  '*  Beitrage  zur  Aetiologie  und  patholo- 
gischen  Anatomic  der  Endocarditis,"  "  Ziegler's  Beitrage,/'  Bd.  iv,  S.  127  ft.  (1889). 
Francis  Harbitz,  "Om  Endokardit  e.  c,"  "  Norsk  Magazin  for  Laegevidenskaben  " 
(1897). 
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sometimes  with  pyogenic  cocci. — Ed.]  These  are  by  far  the  most  im- 
portant and  most  frequent  germs  found  in  endocarditis.  Then  comes 
the  gonococcus,  the  importance  of  which  has  been  recognized  more  and 
more  within  the  last  few  years. 

[Gonorrhea  is  an  important  starting-point  for  endocarditis,  and  the 
gonococcus  alone  is  often  the  cause,  though  perhaps  in  the  majority  of 
cases  there  is  an  association  with  pus-germs — streptococci  and  staphy- 
lococci. The  pyogenic  organisms  are  often  the  only  ones  found  in  sec- 
tions or  cultures  from  cases  with  a  gonorrheal  history.  Negative  cul- 
tures may  be  due  to  faulty  technic,  but  in  some  cases  the  gonococci  are 
probably  killed  by  the  high  temperatures,  the  other  organisms  remaining. 
It  is  especially  in  chronic  cases  that  gonococci  are  not  demonstrable. 
Several  observers  have  cultivated  the  germs  from  the  blood  during  life.* 
Gonorrheal  endocarditis  often  affects  old  valvular  lesions.  Symptoms 
of  mild  attacks  of  endocarditis  often  occur  during  or  after  gonorrhea, 
but  as  recovery  always  follows,  the  cause  and  pathologic  anatomy  are 
not  known.  The  endocardial  change  is  only  discovered  by  accident. 
There  is  little  or  no  fever.  The  lesions  seem  to  be  either  mitral  or  aortic. 
H3rpertrophy  sometimes  occurs,  but  usually  subsides. 

Endocarditis  following  gonorrhea,  due  either  to  gonococci  alone  or  to 
a  mixed  infection,  often  has  a  severe  and  malignant  course.  The  endo- 
carditis may  be  the  only  internal  lesion,  or  there  may  be  that  and  arth- 
ritis or  septicemia.  Fever,  chills,  and  other  septic  symptoms  may  be 
severe,  and  subjective  symptoms,  especially  dyspnea,  may  also  be  very 
severe.  Murmurs  are  wide-spread  and  the  lesions  difficult  to  localize. 
H3rpertrophy  is  often  marked.  The  vegetations  are  often  unusually  large 
and  fleshy.  Ulceration  and  perforation  of  valves  are  frequent.  The  myo- 
cardium may  be  involved.  As  regards  the  valves  affected,  von  Hofmann 
found  the  aortic  valve  affected  in  21  cases  out  of  32 — the  mitral  in  5,  pul- 
monary in  5,  tricuspid  in  1.  Sometimes  several  valves  are  involved. 
Embolism  is  rare,  but  phlebitis  sometimes  occurs.  Recovery  from  the 
acute  symptoms  is  rare,  and  is  usually  followed  by  severe  lesions.f — Ed.] 

Weichselbaum  also  found  in  isolated  cases  the  following  germs: 
Bacillus  endocarditidis  griseus;  Micrococcus  endocarditidis  rugatus; 
Micrococcus  endocarditidis  capsulatus,  and,  in  addition,  he  mentions  as 
"credible"  Bacillus  pyogenes  foetidus  (Passet),  and  a  non-motile  fetid, 
bacillus  (Fraenkel  and  Saenger). 

[Other  occasional  forms  are:  Bacillus  pyocyaneus,J  "Micrococcus 
(diplococcus)  zymogenes,"§  "Micrococcus  tetragenus  citreus."||  The  in- 
fluenza bacillus  has  probably  been  found  a  few  times.**  The  meningococ- 
cus was  found  by  Gwyn,  Salomon,  and  Warfield  and  Walker. ft — Ed.] 

*  See  Harris  and  Johnston,  "Johns  Hopkins  Hospital  Bulletin,"  vol.  xiii,  October, 
1902,  p.  236. 

t  Lartigau, "  Study  of  a  Case  of  Gonorrheal  Ulcerative  Endocarditis  with  Cultiva- 
tion of  the  Gonococcus,"  "The  American  Journal  of  the  Medical  Sciences,"  January, 
1901;  Karl  Kitter  von  Hofmann,  " Gonorrhoische  Allgemeininfection  und  Metasta- 
sen,"  review  of  the  literature  since  1890,  "Centralblatt  ftir  die  Grenzrabiete  der 
Medizin  und  Chirurgie,"  Bd.  vi,  1903,  S.  308;  Thayer,  W.  S.,  "On  Gonorrheal 
Septicemia  and  Endocarditis,"  "Transactions  of  the  Association  of  American 
Physicians,"  vol.  xx,  1905,  p.  391. 

t  Blum,  "Centralblatt  fur  Bakteriologie,"  Bd.  xxv,  1899,  S.  113. 

§  MacCallum  and  Hastings,  "Johns  Hopkins  Hospital  Bulletin,"  vol.  x,  p.  41. 

II  Sterling,  "Centralblatt  fttr  Bakteriologie,"  Bd.  xix,  1896,  S.  141. 
**  Mabel  F.  Austin,  "The  Johns  Hopkins  Hospital  Bulletin,"  vol.  x,  1899,  p.  194. 
tt  "  Bulletin  of  the  Ayer  Clinical  Laboratory  of  the  Pennsylvania  Hospital,"  No.  1, 
1903. 
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There  is  still  to  be  added  the  Diplococcus  tenuis  of  G.  Klemperer  * 
which  has  been  seen  in  some  cases  in  von  Leyden's  clinic.  In  addition, 
a  number  of  microbes  have  been  seen  at  times  which  have  not  been 
cultivable,  and,  therefore,  could  not  be  studied  in  detail.  Opinions 
are  still  divided  as  regards  the  occurrence  of  the  typhoid  bacillus,  the 
Bacterium  coli,  the  tubercle  bacillus,  and  of  the  germ  of  syphilis,  as 
causes  of  endocarditis,  but  possibly  a  greater  importance  should  be 
attributed  to  the  bacterium  coli. 

.  [As  regards  the  typhoid  bacillus,  it  seems  to  act  often  with  other 
organisms,  especially  pyogenic  cocci,  but  the  specific  germs  can  proba- 
bly set  up  lesions.  Di  Vecchi  produced  experimental  endocarditis  with 
typhoid  toxin.  The  position  of  Bacillus  coli  is  still  unsettled,  but  it  has 
also  been  used  to  produce  experimental  lesions.  Endocarditis  is  not 
rare  in  tuberculous  patients  (5  per  cent.,  Marshall),  but  most  of  the  cases 
are  due  to  secondary  infections.  In  some  other  cases  there  are  tubercle 
bacilli  in  non-specific  histologic  processes,  and  the  bacilli  then  are  pro- 
bably only  accidental  deposits^  Marshall  groups  cases  resulting  either 
directly  or  indirectly  from  the  action  of  tubercle  bacilU  under  five  heads: 
1,  Miliary  tuberculosis;  2,  true  tuberculous  endocarditis;  3,  tuberculous 
cardiac  thrombi;  4,  tuberculous  endocarditis  from  extension  of  a  myo- 
cardial tuberculosis;  5,  toxic  endocarditis  of  tuberculous  origin.  Many 
so-called  endocardial  miliary  tubercles  are  really  subendocardial,  l3dng 
beneath  the  elastic  coat  of  the  endocardium.  True  tuberculous  endo- 
carditis has  been  observed  in  several  cases  since  Tripier  reported  the  first 
one  (1890).  In  this  the  nodule  on  the  valve  looked  like  a  tubercle  and 
sections  showed  giant-  and  embryonic  cells.  Michaelis  and  Blum  pro- 
duced verrucose  endocarditis  with  tubercle  bacilli  in  rabbits.  Marshall 
describes  fully  the  criteria  of  endocardial  tuberculosis  and  gives  summa- 
ries of  cases  observed  in  the  Johns  Hopkins  Hospital.t  Braillon,  who  made 
a  diagnosis  of  tuberculous  endocarditis  during  life,  found  no  specific 
changes.  He  thinks  tuberculous  endocarditis  is  especially  likely  to  occur 
in  infections  of  low  virulence,  as  in  serous  membrane  tuberculosis.J 
Since  Howard  (1893)  first  reported  finding  diphtheria  bacilli  in  endocar- 
dial lesions,  but  few  cases  have  been  recorded.  The  process  is  likely  to 
be  rare  on  account  of  the  slight  tendency  of  the  organisms  to  enter  the 
blood-stream.  In  Wright's  case§  the  germ  was  not  very  virulent.  It 
affected  the  aortic  and  tricuspid  valves,  and  was  associated  with  pneu- 
mococci,  colon  bacilli,  and  staphylococci.  In  the  case  of  Roosen-Runge|| 
also,  the  tricuspid  and  aortic  valves  were  affected.  The  germ  in  that 
case,  as  in  the  original  one  of  Howard,  was  not  virulent.  F.  Meyer  was 
able  to  cause  endocarditis  in  animals  by  intravenous  and  intracardial 
injections  of  diphtheria  bacilli.  Subcutaneous  injections  were  negative. 
Di  Vecchi  was  also  successful  with  toxins.** — Ed.] 

*  ''Deutsche  medicinische  Wochenschrift/'  1894,  p.  919  et  aeq.,  and  Society 
Supplement  of  same  year,  p.  123. 

t  Marshall,  Henry  T.,  "Endocarditis  in  Tuberculosis,"  "The  Johns  Hopkins 
Hospital  Bulletin,"  vol.  xvi,  September,  1905,  p.  303. 

I  "Revue  de  Tuberculosis,"  1904.  See,  also,  Sorgo  and  Suess,  "Wiener  klinische 
Wochenschcift,"  1906,  Bd.  xxix,  S.  176.  They  believe  tubercle  bacilli  may  cause  non- 
specific histolonc  changes  in  the  valves. 

§  "Boston  Medical  and  Surgical  Journal,"  1894,  vol.  ii,  p.  359. 

y  "MGnchener  medicinische  Wochenschrift,"  Bd.  1,  1903,  S.  1252. 
**  "Centralblatt  fttr  Bakteriologie  und  Parasitologic,"  Ref.  Bd.  xxxvi,  1905.  S. 
650. 
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The  requirements  which  Robert  Koch*  considers  necessary  in  order 
to  bring  indisputable  proof  that  an  organism  is  the  true  cause  of  a  disease 
cannot  be  fulfilled  to  their  full  extent  in  all  cases  in  all  the  microbes 
which  have  been  suspected.  When  these  germs  do  not  grow  upon  arti- 
ficial soil,  it  is  impossible  to  determine  the  conditions  under  which  they 
live,  and  it  is  impracticable  to  inoculate  them  into  animals.  In  such 
cases  we  must  content  ourselves  with  examinations  of  the  tissues  which 
are  now  rendered  possible  by  the  improved  technic  of  staining.  "The 
facts  which  are  gained  by  this  method  may  possibly  show  so  much  evi- 
dence that  only  the  extremest  skepticism  would  object  that  the  organisms 
discovered  are  not  the  cause,  but  merely  an  accompanying  manifestation 
of  the  disease.  It  is  true  that  this  objection  often  has  a  certain  logical 
basis"  (R.  Koch). 

The  question  as  to  what  conclusions  are  possible  without  cultures 
and  without  inoculation  into  animals  must  be  decided  in  each  individual 
case.  It  is  noteworthy  that  the  majority  of  investigations  show  that 
"  the  streptococci  are  very  inconstant  in  their  behavior  in  animal  experi- 
ments, independently  of  the  pathologic  process  in  man  from  which  they 
are  derived,  and  of  the  manner  in  which  they  are  inoculated."  f 

It  is  unquestionable  that  the  vitality  of  the  germs  which  cause 
sepsis  in  its  broad  sense — including  the  pneumococci — is  limited.  Very 
often  the  germs  themselves  cannot  be  demonstrated  and  only  the  tissue 
changes  which  they  produce  are  evidence  of  the  fact  that  they  had 
been  there.  These  changes  and  clinical  observations  must  then  serve 
as  a  basis  for  conclusions.  Naturally,  we  cannot  always  be  sure  in  such 
cases,  and  we  are  entitled  to  entertain  more  or  less  strong  doubts. 

Endocarditis  is  most  frequently  seen  in  connection  with  acute  articular 
rheumatism.  This  is  universally  recognized,  but  the  question,  What 
is  acute  articular  rheumatism?  is  becoming  more  and  more  urgent.  Here 
we  encounter  great  difficulties,  and  I  am  unable  to  express  an  opinion 
which  can  be  substantiated  by  definite  scientific  evidence. 

There  is  a  typical  clinical  picture  which  has  been  fully  admitted  into 
pathology.  SenatorJ  has  given  a  very  clear  description  of  it.  We  older 
ph3rsicians  are  well  acquainted  with  this  picture  in  all  its  features,  even 
to  the  smallest  details,  for  we  have  seen  it  often  enough.  Here  and  there 
a  case  appears  in  the  practice  of  a  busy  man,  which  does  not  seem  to  fit 
into  the  typical  scheme  (Kussmaul,  1852),  but,  as  a  rule,  it  is  the  same 
scene  with  a  tiresome  repetition.  With  the  discovery  of  the  curative 
properties  of  salicylic  acid  and  its  preparations — an  action  which  may 
be  almost  characterized  as  specific — the  unity  of  the  disease  seems  to 
be  just  as  well  established  as  that  of  malaria. 

And  yet  warranted  doubts  have  arisen.  I  shall  permit  the  facts 
to  speak,  and  confine  myself  at  first  to  my  own  observations. 

Until  the  year  1872,  there  had  been  100  cases  of  acute  articular  rheuma- 
tism in  its  ordinary  form  among  a  total  of  15,242  patients  admitted  to 
the  Poliklinic  in  Tubingen — that  is,  6.6  per  1000.§     Then  came  a  change. 

♦"Die  Aetiologie  der  Tuberculose,"  "Mittheilungen  aus  dem  Kaiserlichen 
Gesundheitsamte,"  edited  by  Dr.  Struck,  Bd.  ii,  S.  3, 4,  Berlin,  Hirschwald,  1884. 

t  Harbitz,  loc.  cit.,  pp.  118, 119. 

X  Von  Ziemssen's  "Handbuch  der  speciellen  Pathologie  und  Therapie,''  Bd.  xiii, 
S.  13  et  seq.y  second  edition,  1879. 

§  Further  data  in  Quenstedt,  "Zur  Aetiologie  der  Rheumarthritis  acuta,"  in 
'' Mittheilungen  aus  der  Tubinger  Poliklinik,"  Bd.  i,  S.  218,  Stuttgart,  Schweizerbart, 
1886. 
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Cases  of  septic  disease  became  more  frequent,  especially  those  with  un- 
known portals  of  entrance,  and  many  terminated  fatally,*  especially 
at  the  beginning  of  this  period.  After  a  while  these  cases  became  less 
severe,  altiiough  severe  affections  still  did  occur  and  do  occur.  But  in 
the  great  majority  of  cases  we  see  but  few  dangerous  manifestations 
nowSays.  During  this  time  there  developed  a  form  of  disease  which 
in  many  respects  bears  resemblance  to  acute  articular  rheumatism,  but 
still  is  quite  different  from  the  latter.  I  think  the  following  peculiarities 
can  be  distinguished: 

1.  The  bones  are  involved  almost  without  exception;  they  are  painful 
to  pressure — often  extremely  so.  Usually  the  shafts  of  the  long  bones 
are  involved;  less  frequently,  the  ribs,  the  pelvis,  the  cranial  bones.  As 
a  rule,  an  extensive  continuous  area  in  the  same  diaphysis  is  affected, 
or  there  may  be  separate  foci,  but  usually  more  than  one  bone  is  involved. 

2.  The  joints  are,  it  is  true,  somewhat  sensitive.  They  show  slight 
swellings  and  manifest  spontaneous  dull  pain,  but  piercmg  or  tearing 
pain  is  not  always  absent.  All  these  manifestations  are  far  less  marked 
than  in  typical  rheumatism. 

3.  Sweats  and  miliaria  do  not  appear  to  the  extent  which  is  common 
in  acute  rheumatic  arthritis. 

4.  Salicylic  acid  and  its  preparations  do  relieve  the  pains  at  times, 
it  is  true,  and  do  lower  the  temperature  to  some  extent,  but  this  does 
not  occm*  always,  in  spite  of  large  doses.  In  no  case  have  we  seen  that 
success  which  entitles  these  remedies  to  the  rank  of  specifics.  Another 
fact  which  I  consider  very  important  is  that  a  patient  will  at  first  react 
fairly  well  to  salicylic  acid;  but  the  remedy  proves  almost  without  effect 
during  recurrences  which  come  on  later,  perhaps  years  afterward — ^for 
example,  case  III. 

I  need  only  add  that  these  cases  are  often  also  accompanied  by  peri- 
hepatitis, perisplenitis, — ^friction  sounds  over  the  spleen  and  liver  coinci- 
dent with  respiration,  sensitiveness  to  pressure,  and  pain  over  the  enlarged 
organs  are  the  clinical  signs, — as  well  as  by  polymorphous  or  nodular 
erythema. 

If  there  had  been  only  isolated  cases  of  this  kind,  I  would  not  have 
expressed  any  opinion,  but  I  am  speaking  of  a  change  in  the  clinical 
picture  which  grows  more  and  more  marked  from  year  to  year;  so  much 
so  that  lately  I  have  scarcely  seen  the  old  form.  At  present  I  make  the 
diagnosis  of  sepsis,  and  in  this  respect  agree  with  Singer,t  although  I  do 
not  consider  myself  entitled,  as  he  does,  to  include  acute  articular  rheuma- 
tism in  the  etiologic  group  of  diseases  produced  by  the  germs  of  suppura- 
tion. It  is  possible  that  this  is  so,  but  as  yet  we  have  no  proof.  This 
subject  has  been  exhaustively  treated  in  the  large  treatise  of  Pribram,t 
as  well  as  in  Singh's  book,  and  in  these  volumes  a  detailed  index  to  the 
literature  of  this  subject  may  be  found. 

Whatever  may  be  the  final  decision  in  this  question,  heart  disease  is 
frequent,  whether  or  not  we  regard  acute  rheumatism  as  an  etiologic 
factor  distinct  from  septic  infection. 

Endocarditis  at  times  develops  in  the  course  of  those  diseases  which 
lead  to  severe  disturbances  of  nutrition,  such  as  pulmonary  tuberculosis, 
cancer,  various  forms  of  chronic  nephritis,  etc. 

*  Cf.  Dennig,  "Ueber  septische  Erkrankungen,"  Leipzig,  F.  C.  W.  Vogel,  1891. 
t  "Aetiologie  und  Klinik  des  acuten  Gelenkrheumatismus/'  Vienna,  Braumuller, 
1898.  I  Nothnagel,  "Specielle  Path.  u.  Therap.,"  vol.  vi,  Sect.  T. 
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We  must  also  remember  that  any  acute  severe  disease  may  cause 
similar  damage  to  the  heart.  If  it  has  resulted  from  the  invasion  of  mi- 
crobes, and  if  these  have  not  yet  disappeared  from  the  body  of  the  patient, 
then  the  germs  which  cause  endocarditis  and  which  enter  and  settle  in 
the  endocardium  may  give  rise  to  a  mixed  infection.  In  other  cases, 
when  the  primary  disease  has  disappeared,  we  speak  of  a  secondary  affec- 
tion. The  latter  is  not  difficult  to  interpret,  but  it  is  not  always  easy — in 
fact,  it  is  sometimes  impossible — to  determine  the  condition  of  things 
when  a  mixed  infection  is  present.  If  the  germs  belonging  to  the  first 
infection  are  still  present  in  the  circulating  blood,  they  may  be  found  in 
the  heart,  together  with  those  which  produce  the  endocarditis.  The 
first-mentioned  germs  did  not  cause  endocardial  inflammation,  but  have 
only  settled  in  places  which  were  favorable  for  their  growth.  Whether 
or  not  they  influence  the  local  changes  must  be  left  undecided. 

It  is  not  to  be  forgotten  that  atheromatous  changes  in  the  endocardium 
are  apt  to  favor  the  development  of  endocarditis  in  a  high  degree. 

Given  these  numerous  possibilities  for  the  development  of  endocar- 
ditis, it  is  scarcely  necessary  to  give  statistics  as  to  its  distribution 
according  to  age,  sex,  etc. 

Starting  from  the  premises  that  endocarditis  is  due  to  an  infection 
by  germs,  we  must  admit  as  self-evident  the  proposition  that  the  germs 
circulate  in  the  blood  and  are  borne  to  the  heart  by  the  circulation.  We 
cannot  deny  the  possibility  that  germs  may  reach  the  heart  through  a 
wound  or  through  neighboring  structures,  but  this  occurs  very  rarely. 

The  question  as  to  how  and  whence  the  germs  reach  the  blood  may 
be  answered  as  follows:  An  injury  of  the  protective  structures  which 
cover  the  skin,  the  mucous  membranes,  and  the  serous  membranes  must 
precede  the  invasion  of  the  germs.  In  some  cases  the  portals  of  entry 
which  thus  open  may  be  easily  recognized.  This  is  the  case  in  infections 
of  the  puerperal  period  and  in  wound  infections.  At  other  times  this 
recognition  is  impossible,  and  we  then  speak  of  cryptogenetic  sepsis.  This 
particular  class  of  cases  is  of  great  importance  in  &e  clinical  study  of 
endocarditis. 

The  second  question  is  no  less  important:  What  conditions  favor 
the  localization  of  bacteria  on  and  in  endocardium?  Experience  teaches 
that  a  fatal  termination  of  the  general  disease  may  take  place  without 
an  involvement  of  the  endocardium.  Myocarditis  and  pericarditis  may 
occur,  and  yet  the  endocardium  may  escape  gross  changes.  The  latter 
event  is  less  frequent. 

A  case  in  point  is  that  reported  by  Dennig*  in  my  Poliklinic  (Case  No.  XVI),  in 
which  there  was  an  infection  with  Staphylococcus  mrogenes  aureus.  Death  occurred 
at  the  beginning  of  the  sixth  day  of  tne  disease.  The  experiments  of  Ribbertf  show 
similar  cases. 

Therefore  it  is  not  sufficient  for  the  development  of  endocarditis  that 
the  bacteria  which  cause  it  circulate  in  the  blood,  even  if  their  number 
is  considerable.  What  else  is  necessary?  Experiments  showed  that, 
if  an  injury  of  the  valve  had  preceded  the  invasion  of  the  germs,  it  was 
easily  possible  to  bring  about  the  localization  of  these  organisms  when 
they  were  introduced  through  the  blood-vessels. 

*  Loc.  cit.f  p.  85. 

t  "  Ueber  experimentelle  Myo-  und  Endocarditis,"  " Fortschritte  der  Medicin/' 
Bd.  iv,  S.  1, 1886. 
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Ottomar  Rosenbach*  was  the  first  to  employ  the  method  of  Cohn- 
heim — the  mechanic  influence  of  a  sound  introduced  through  the  right 
carotid  upon  the  valves  of  the  aorta.  As  he  did  not  employ  in  all  instances 
sounds  free  from  bacteria,  he  succeeded  in  performing  a  direct  inoculation 
in  two  of  his  experiments.  Later  on,  others  purposely  injured  the  valves 
and  afterward  injected  pathogenic  microbes  into  the  veins.  It  was 
found  that  even  "  a  very  slight  injury  of  the  endocardium  (by  a  mere 
passage  of  the  sound  over  it)  or  a  cauterization  (Prudden;  silver  nitrate) 

sufficed."! 

"The  number  of  bacteria  which  were  introduced  did  not  have  to  be 
necessarily  large,  and  I  was  successful  in  the  use  of  the  diplococcus  of 
pneumonia  even  with  relatively  small  numbers,  while  in  one  case,  in  using 
the  Streptococcus  pyogenes,  I  was  able  to  induce  an  endocarditis  by 
merely  contaminating  the  sound  with  these  germs"  (Weichselbauin). 

Wyssokowitch,  Ch'th,  and  others  employed  the  same  methods,  and 
Netter  did  the  same  in  his  experiments  on  pneumococcus  endocarditis.! 

Ribbert  succeeded  in  localizing  the  Staphylococcus  aureus  upon  the 
endocardium,  without  preAdous  injuries,  but  he  was  able  to  produce  en- 
docardial changes  only  upon  the  bicuspid  and  the  tricuspid  valves.  The 
germ  was  cultivated  upon  potatoes,  and  in  order  to  obtain  trustworthy 
results,  an  emulsion  which  was  not  too  fine  was  prepared  by  triturating 
the  upper  layers.  The  particles  had  to  be  as  large  as  could  pass  through 
the  cannula  of  a  hypodermic  syringe.  In  addition,  the  experiments  failed 
if  the  amount  of  culture  was  very  small. 

Ribbert§  remarks  concerning  the  mode  of  origin  of  the  local  disease: 
'*  We  must  imagine  the  process  to  be  as  follows:  Either  the  particles  of 
potato  had  remained  adherent  in  the  angles  and  lines  of  insertion  of  the 
tendinous  cords,  or  else  had  passed  over  the  surface  of  the  valves  and 
had  become  adherent  to  these  during  the  closure.  In  any  event,  it  is 
easily  explained  how  the  adherent  bacteria  could  have  been  pressed  into 
the  endothelium  and  there  had  gone  on  in  their  further  development." 

Ottomar  Rosenbach  ||  pointed  out  that  a  mechanic  injury  to  the  valve 
is  followed  by  more  severe  tissue  changes  than  take  place  in  endocarditis 
in  man.  No  objection  can  be  made  to  this  statement,  but  the  experiment 
could  and  should  bring  an  explanation  only  as  regards  the  question 
whether  or  not  an  endothelial  injury  favors  the  localization  of  bacteria. 
The  relation  of  the  severity  of  the  injury  to  the  subsequent  events  is  a 
question  of  subordinate  importance,  and  the  methods  of  experiments 
pursued  by  Ribbert  are  sufficiently  close  to  the  actual  conditions  which 
obtain  in  a  patient  with  endocarditis.  Such  small  soft  particles  of  potato 
could  not  have  produced  severe  injuries  to  the  tissues. 

Another  possible  mode  of  origin  of  endocarditis  has  been  demonstrated 
by  Koster.**  He  showed  that  bacteria  penetrate  from  and  with  the  blood 
into  the  vessels  suppl3ring  the  endocardium,  and  that  the  germs  multiply 

*  "Ueber  artificielle  Herzklappenfehles  (Aus  dem  pathologischen  Institute  zu 
Breslau),"  "Archiv  fOr  experimentelle  Pathologie  und  Pharmakologie/'  Bd.  ix,  S. 
1,  1878. 

t  Weichselbaum,  loc.  cU,,  p.  218. 

t  Gf.  the  critical  review  of  this  subject  by  Baumgarten  in  his  Jahresberichte 
(1885-1887).  §  Loc.  cii.,  p.  11. 

II '' Bemerkungen  zur  Lehre  von  der  Endocarditis, etc./'  ''Deutsche  medicinische 
Wochenschrift, "  1887,  S.  730;  "Die  Krankheiten  des  Herzens,"  Vienna  and  Leipzig, 
Urban  and  Schwarzenberg.  1897,  S.  149. 

**  "Die  embolische  Endocarditis,"  "  Virchow's  Archiv,"  Bd.  Ixxii,  1878,  S.  257. 
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and  spread  from  there  in  many  directions.  If  the  valves  are  healthy, 
then  this  can  only  happen  in  the  bicuspid  and  tricuspid,  which  contain 
vessels,  while  the  aortic  and  pulmonary  valves  do  not.  Therefore,  the 
entrance  of  microbes  directly  from  the  blood  is  only  possible  in  the  two 
valves  first  mentioned. 

But  the  endocardium,  which  lines  the  cavities  of  the  heart, — ^the 
parietal  endocardium, — may  be  involved  in  the  bacterial  invasion.  This 
does  not  occur  very  often,  although  possibly  but  little  attention  has  been 
paid  to  this  possibility,  inasmuch  as  I  have  quite  frequently  seen  lesions 
in  the  parietal  endocardium  in  my  autopsies.  Nauwerck*  is  probably 
the  first  who  paid  adequate  attention  to  this  variety  of  localization.  In 
such  cases  the  invasion  may  take  place  directly  from  the  blood  of  the  heart, 
or  else  from  valves  ahready  affected,  by  direct  extension  by  continuity, 
or  by  infection  from  another  source,  such  as  an  affected  portion  of  a  valve 
that  has  either  been  torn  off  or  has  come  into  contact  with  the  wall  through 
the  influence  of  a  strong  blood-current.  Finally,  the  endocardium  may 
be  affected  by  extension  from  the  myocardium,  which  may  be  the  seat 
of  the  primary  disease.  These  possibilities  have  been  summarized  by 
Heim,t  who  worked  under  Ribbert. 

The  theory  as  to  the  development  of  endocarditis  which  has  been 
very  generally  adopted  is  as  follows:  The  endocardium  is  injured  by 
pathogenic  bacteria  which  enter  into  the  body  and  produce  an  infection. 
The  poisons  which  develop  as  the  result  of  the  life-processes  of  these 
bacteria  are  the  essential  factors.  Examination  shows  that  the  first 
effect  of  the  germs  which  enter  the  tissues  is  a  local  necrosis.  The  latter 
can  only  be  attributed  to  the  effect  of  the  poisons  generated  by  the  bacteria 
themselves. 

It  is  possible  that  enough  poison  may  be  absorbed  into  the  blood 
from  the  original  site  of  the  bacterial  invasion,  so  that  the  endothelial 
cells  of  the  endocardium  are  injured.  The  same  may  take  place  by  the 
absorption  of  a  secondary  bacterial  focus.  It  may  be  added  that  an  ele- 
vation of  the  body  temperature  is  often  present,  which  in  itself  is  unfavor- 
able; also  that  irregularities  in  the  heart's  action  may  develop  which 
favor  the  longer  sojourn  of  the  bacteria  which  are  present  in  the  blood, 
and  which  gain  entrance  into  the  heart.  A  further  circumstance  which 
may  be  mentioned  is  the  fact  that  at  times  the  nutrition  of  the  tissues 
in  general  is  injured  through  an  insufficient  compensation  of  the  loss. 

The  chief  point  to  be  noted  is  that  the  power  of  resistance  of  the  en- 
dothelial cells  must  be  diminished  to  the  needful  extent  in  order  to  allow 
the  bacteria  to  settle  and  to  multiply  upon  the  site  of  the  disease. 

An  embolism  in  the  vessels  of  the  valves  is  a  rare  occurrence,  according 
to  the  many  investigations  which  have  been  made  on  this  question.  As 
a  rule,  there  is  a  direct  invasion  from  the  blood  of  the  heart.  The  question 
may  be  asked,  therefore,  whether  other  contributing  causes  may  be 
demonstrated  in  addition  to  the  changes  in  the  endothelium.  The  an- 
swer to  this  is,  that  anything  which  mechanically  favors  the  adherence 
of  microbes,  also  facilitates  their  penetration.  When  the  endothelium 
is  functionally  in  the  full  possession  of  its  powers  it  prevents  the  coagula- 
tion of  the  blood.    If  the  latter  occurs,  and  if  a  thrombus  has  formed 

*  "Ueber  Wandendocarditis  und  ihr  Verh&ltniss  zur  Lehre  von  der  Spontanen 
Herzermattung/'  "Deutsches  Archiv  far  klinische  Medicin/'  Bd.  xxxiii,  1883,  S. 
210. 

t  ''Ueber  zwei  FMle  von  Endocarditis  parietalis,"  dissertation,  Zurich,  1897. 
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over  the  injured  spot,  then  the  localization  of  bacteria  at  that  place  is 
almost  certain.    This  coagulation  does  take  place.* 

It  is  to  be  further  noted  that  an3rthing  which  presses  the  t^acteria 
further  into  the  tissues  favors  their  localization.  We  have  seen  above 
the  explanation  which  Ribbert  gives  for  his  expeiiment.  These  condi- 
tions are  not  always  so  simple  in  man,  but  Ribbert  says  correctly  that 
they  may  at  times  be  perfectly  identical.  "Large  particles  of  tissues 
that  contain  bacteria,  such  as,  for  example,  detached  portions  of  thrombi, 
may  be  thrown  against  the  valves  in  the  same  manner  as  in  the  experi- 
ments reported,  and  may  give  up  some  of  the  bacteria  which  adhere  to 
them."  In  most  cases  more  complicated  conditions  are  present  which 
simultaneously  favor  the  adherence  of,  as  well  as  the  penetration  of, 
germs.  This  viewpoint  facilitates  the  understanding  of  a  number  of 
the  pecuUar  features  of  endocarditis. 

Virchowf  says :  "  If  these  observations  (greater  tension  of  the  pulsating 
blood  within  the  vessels,  especially  within  the  veins,  with  its  influence 
upon  the  walls)  be  applied  to  endocarditis,  then  we  gain  a  considerable 
insight  into  the  history  of  this  disease.  For  it  is  the  narrow  portions  of 
the  heart  which  are  subject  most  frequently  to  disease,  and  among  them 
especially  those  which  are  exposed  the  most  to  friction  and  tension. 

"The  valves  are  the  parts  of  the  endocardium  most  frequently  af- 
fected first,  and  in  these,  again,  most  often  the  lines  of  closure  of  the  valves 
— ^in  other  words,  those  portions  which  lie  opposite  each  other  when  the 
valve  closes,  and  therefore  are  exposed  especially  to  friction.  This 
explains  why  the  chief  site  of  the  disease  is  always  found  upon  the  side  of 
the  valve  which  Ues  toward  the  blood-stream,  and  not  upon  the  free 
border,  but,  in  the  case  of  arterial  valves,  imdemeath  it,  in  the  case  of 
the  auriculoventricular  valves,  above  this  border.  The  Arantian  bodies 
are  usually  affected  along  with  the  earlier  changes,  for  they  are  exposed 
to  friction  more  than  the  other  structures.  Among  the  valvular  struc- 
tures it  is  chiefly  the  anterior  flap  of  the  mitral  which  suffers  first  and  most, 
inasmuch  as  it  is  subjected  to  the  greatest  tension  in  virtue  of  its  attach- 
ment at  the  aortic  orifice. 

"  Next  to  the  valvular  flaps  it  is  the  tendinous  cords  which  are  affected, 
and  they  suffer  to  the  greatest  extent  in  those  places  where  they  divide 
into  thicker  or  thinner  strands.  The  inner  walls  of  the  heart  are  third 
in  the  order  of  involvement,  and  among  them  first  the  left  auricle,  then 
the  right  auricle,  then  the  inner  surface  of  the  left  ventricle,  especially 
the  septum,  under  the  aortic  orifice,  and,  last  of  all,  the  right  ventricle, 
at  times  in  the  cone  of  the  pulmonary  artery.  The  auricular  appendages 
.are  more  frequently  affected  than  the  auricles." 

Virchow  also  attributes  the  greater  frequency  of  endocarditis  on  the 
left  side  of  the  heart  in  extra-uterine  life  to  the  greater  thickness  of  the 
muscles  of  the  left  .ventricle,  while  the  opposite  conditions  obtain  in 
intra-uterine  life.J 

Ottomar  Rosenbach§  lays  a  great  deal  of  emphasis  upon  the  larger 
amount  of  oxygen  contained  in  the  blood  on  the  left  side  of  the  heart. 

*  See  Section  on  Pathologic  Anatomy. 

t "  Gesammelte  Abhandlungen/'  p.  508. 

%  "Ueber  die  Chlorose  und  die  damit  susammenh&ngenden  Anomalien  im 
<xef&B8apparate,  insbesondere  dber  Endocarditis  puerperalis,"  Berlin,  Hirschwald, 
1872,  S.  19. 

§  "Herzkrankheiten,"  S.  154. 
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This,  he  claims,  offers  a  more  favorable  culture-medium  for  the  bacteria. 
This  theory  has  found  but  few  adherents. 

Virchow  found  a  hypoplasia  of  the  vessels,  especially  of  the  aorta, 
in  a  number  of  cases  of  endocarditis  occurring  in  the  puerperium  which 
had  come  to  autopsy.  This  change  in  the  vessels  also  increases  the 
vulnerability  of  the  endocardium  on  the  left  side,  and  the  amount  of 
pressure  and  tension  are  increased  through  the  greater  resistance  of  the 
narrow  arteries. 

No  other  conditions,  aside  from  these,  are  known  to  favor  the  develop- 
ment of  endocarditis.  It  is  possible  that  a  certain  weakness  of  the  heart 
as  a  whole  may  be  transmitted  by  heredity,  but  nothing  can  be  said  with 
certainty  as  to  this. 

[Robinson*  has  made  a  valuable  study  of  the  relation  between  con- 
genital malformations  of  the  heart  and  acute  endocarditis.  He  found 
in  the  literature  seventeen  fully  reported  cases,  not  taking  cases  in  which 
only  the  valves  were  deformed.  The  small  number  he  ascribed,  no  doubt 
with  reason,  to  the  fact  that  many  cases  die  too  early  for  endocarditis 
to  develop.  He  finds  that  the  malformation  most  frequently  attacked 
is  the  one  in  which  life  is  most  prolonged — viz.,  obstruction  to  the  pul- 
monary outflow — ^and  that  the  right  side  is  especially  affected. — Ed.] 

It  is  a  universally  acknowledged  fact  that  a  heart  which  has  once  been 
attacked  with  endocarditis  is  very  frequently  attacked  again.  It  is 
difficult,  however,  to  give  definite  data  on  this  subject.  Weichselbaum 
found  twelve  cases  of  primary  endocarditis  against  seventeen  in  which 
the  disease  had  occurred  several  times — in  other  words,  a  proportion  of 
three  to  four.  It  is  impossible  to  say,  however,  how  many  of  those  who 
died  would  have  had  another  attack  of  endocarditis  if  they  had  not  suc- 
cumbed to  the  first.  This  fact  alone  renders  the  comparative  figures 
gained  at  autopsy  doubtful  from  the  start,  and  diminishes  their  signifi- 
cance in  respect  to  secondary  invasions. 

Even  cUnically  it  is  impossible  to  give  more  than  rough  estimates, 
and  only  those  cases  must  be  considered  which  have  been  observed  from 
the  beginning  up  to  the  fatal  termination,  and  in  which  the  recurrence 
or  non-recurrence  of  endocarditis  could  have  been  recognized  without 
fail.  This  is  a  condition  which  I  regard  as  impossible  of  fulfilment. 
Even  if  we  could  fulfil  it,  a  long  time  would  have  to  elapse  in  order  to 
secure  a  sufficiently  large  collection  of  such  observations. 

It  has  been  stated  that  about  three-quarters  of  all  cases  show  a  re- 
currence of  the  disease  sooner  or  later.  I  do  not  believe  that  this  estimate 
is  excessive. 

How  should  we  explain  the  tendency  to  a  recurrence  of  the  disease? 
One  thing  is  certainly  of  importance:  the  tissue  changes  which  remain 
after  an  endocarditis  has  healed  may  favor  the  localization  of  bacteria 
in  a  place  which  has  formerly  been  affected.  This  may  take  place  di- 
rectly, in  virtue  of  the  fact  that  the  affected  tissues  offer  an  uneven  surface 
which  gives  a  better  hold  for  the  bacteria  that  circulate  in  the  blood,  or 
possibly  this  influence  may  be  indirect.  These  places  suffer  a  loss  of 
endothelium  over  a  considerable  extent.  This  favors  the  coagulation 
of  the  blood,  which  can  easily  take  place  upon  the  destroyed  or  weakened 
tissues.  Upon  these  thrombi,  the  bacteria  find  good  opportunities  for 
settlement.    Another  circumstance  which  favors  bacterial  localization 

*  "  Bulletin  of  the  Ayer  Clinical  Laboratoxy  of  the  Penna.  Hospital/'  No.  2, 
January,  1905,  p.  45. 
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is  that,  as  Koster  notes,*  the  vessels  within  the  thickened  valves  favor 
the  accumulation  of  bacteria  from  the  circulating  blood.  How  do  the 
microbes  reach  their  place  of  activity  in  cases  of  recurrent  endocarditis? 
Various  possibilities  are  open:  (1)  The  portal  of  entrance  is  somewhere, 
in  the  body;  there  may  be  a  fresh  invasion  from  this  focus.  This  is 
probable  in  those  cases  when  the  same  bacteria  are  found  in  the  focus  of 
entrance,  as  well  as  in  the  newly  affected  endocardium,  and  when  they 
circulate  in  the  blood,  which  is  their  means  of  communication,  or  are  found 
in  those  organs  which  favor  the  accumulation  of  fine  particles  from  the 
blood  by  the  arrangement  of  their  vessels  (the  spleen,  the  liver,  and  the 
kidney).  Weichselbaum  reports  three  cases  illustrating  this  point: 
In  his  "Case  HI"  the  patient  was  a  man  aged  thirty-six  years,  who  died 
with  signs  of  severe  sepsis.  He  had  had  open  ulcers  in  the  sole  of  the 
foot  for  some  time.  Weichselbaum  found  at  autopsy  a  recurrent  ulcer- 
ating endocarditis  at  the  mitral  and  the  aortic  valves;  infarcts  in  the 
spleen  and  in  the  kidneys;  and  a  double  pneumonia.  The  same  bacillus 
was  demonstrated  under  the  microscope  and  by  cultures 'in  the  mitral 
vegetations,  in  the  spleen,  and  in  the  granulation  tissue  of  the  ulcers 
in  the  sole  of  the  foot.  Four  experiments  with  rabbits  by  means  of  in- 
jections of  cultures  of  these  germs  into  the  veins  of  the  ear  after  a  mechanic 
injury  to  the  aortic  valves  succeeded  in  three  instances  in  bringing  about 
an  endocarditis.  The  same  bacillus  was  obtained  by  cultures  from  the 
blood  and  from  the  several  f6ci  in  the  animals  experimented  upon.  This 
germ  Weichselbaum  designated  as  the  Bacillus  endocarditidis  griseus. 

Weichselbaum  thought  that  in  this  case  the  bacillus  penetrated  into 
the  system  through  the  ulcers  and  produced  then  a  fresh  endocarditis, 
but  he  did  not  venture  to  say  whether  this  germ  had  also  produced  the 
ulcers. 

It  has  not  been  shown  with  absolute  certainty  that  the  ulcers  were 
caused  by  the  same  germ.  It  is  probable  that  the  germ  in  question  caused 
the  first  affection  of  the  heart,  and  that  it  remained  in  the  endocardium 
for  a  considerable  time  without  producing  any  effects.  The  ulcers  upon 
the  foot  of  this  man  had  existed  for  three  years  before  the  outbreak  of 
tiie  fatal  infection,  but  I  should  not  draw  any  conclusions  from  this  fact 
either  for  or  against  the  view  taken  by  Weichselbaum.  The  fact  that 
a  rare  germ  was  found  in  the  ulcers  and  also  in  the  endocardial  lesions 
is  greatly  in  favor  of  his  view.  The  infarcts  in  the  spleen  are  also  probably 
to  be  referred  to  the  invasion  of  the  germ  from  the  diseased  endocardium 
through  the  circulating  blood. 

Weichselbaum  also  published  two  further  observations  in  which  he 
interpreted  the  endocardial  lesion  as  due  to  reinfection.  In  one  of  these 
cases  (XIV)  the  Streptococcus  pyogenes  was  found ;  in  the  other  (XVIII) , 
the  Staphylococcus  aureus.  -Mother  interpretation  is  probably  correct, 
especially  in  the  latter  case. 

We  must  alwajrs  remember,  in  considering  these  questions,  that  germs 
may  enter  the  body  without  leaving  distinct  traces  at  the  portals  of  en- 
trance in  the  form  of  tissue  changes.  Therefore,  recurrent  endocarditis 
may  also  occur  "  cryptogenetically."  Of  late  a  great  deal  of  stress  has 
been  laid  upon  angina  which  is  followed  by  general  sepsis.  I  have  also 
observed  these  cases  and  they  are  emphasized  in  Dennig's  monograph. f 
Within  the  last  few  years  I  have  observed  in  several  instances  that  a 

*  Loc,  cU.,  pp.  274,  275. 

t  Loc.  cit.,p.  41.    A  case  in  point  is  case  XXII,  see  below. 
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recurrence  of  sepsis,  and  in  one  case  a  recurrence  of  endocarditis,  was  pre- 
ceded by  angina. 

2.  Pathogenic  organisms  remain  at  the  site  of  the  original  infection, 
either  within  the  primary  focus,  or  in  its  vicinity,  and  for  a  time  they 
*do  not  produce  any  distiu-bances,  but  become  capable  of  infection  once 
more  when  conditions  favorable  to  this  develop.  This  sequence  of  events 
has  been  demonstrated  with  certainty  in  the  case  of  the  tubercle  bacillus, 
and  it  may  be  affirmed  also  in  the  case  of  the  pyogenic  cocci.*  The 
following  case,  at  least,  speaks  in  favor  of  this  probability  if  The  patient 
was  a  man  aged  sixty-three  years,  who  had  had  an  osteomyelitis  in  the 
lower  diaphysis  of  the  right  femur  fifty  years  ago.  For  a  long  time  there 
had  been  a  discharge  of  thick  pus,  and  the  knee-joint  had  become  perma- 
nently ankylosed.  No  other  disease  had  occurred  during  all  these  years. 
During  the  past  year  the  patient  had  been  suffering  from  ''rheumatisni," 
which  recurred  at  frequent  intervals,  and  was  accompanied  at  times  by 
excruciating  pains  in  the  right  leg.  Miiller  made  a  diagnosis  of 
recurring  osteomyelitis.  At  the  operation,  a  large  cavity  was  found  in 
the  markedly  thickened  and  very  dense  femiu*,  this  cavity  being  filled 
with  greenish-yellow  pus,  and,  in  addition,  there  were  numerous  small 
abscesses  in  the  tibia.  Cultures  showed  the  presence  of  the  Staphylococ- 
cus pyogenes  aureus,  which  was  discovered  by  Garr^  as  the  cause  of  the 
bone  abscesses  following  osteomyelitis.  Inoculations  into  rabbits  gave 
positive  results  and  Miiller  himself  served  as  an  involuntary  object  of 
experiment,  inasmuch  as  he  developed  a  large  number  of  small  furuncles 
on  his  hands  after  the  operation.  Garr^,^  who  agrees  with  Kraske  that 
in  late  recurrences  of  osteomyelitis  there  is  a  new  invasion  of  bacteria 
from  the  blood,  supports  his  contention  in  the  following  way:  *'  Let  us 
consider  what  strilang  changes  in  the  capillary  structures  of  a  bone  are 
produced  by  severe  purulent  inflammations,  and  let  us  remember  that 
capillaries  of  narrow  caliber  or  with  irregular  dilatations  (capillary 
aneurysms)  may  be  present  permanently  in  the  cicatrix.  Then  it  will  be 
easily  understood  that  such  mechanic  obstructions  and  such  local  anoma^ 
lies  of  circulation  do  favor  most  markedly  the  deposition  and  localization 
of  micro-organisms  from  the  blood." 

In  opposition  to  this  view  Miiller  remarks  that,  in  his  case,  the  abscess 
was  surrounded  on  all  sides  by  newly  formed  and  very  dense  bony  tissue. 
Therefore  the  penetration  of  bacteria  from  the  blood  had  been  rendered 
impossible.  [?] 

We  do  not  know  a  great  deal  as  to  the  behavior  of  bacteria  in  the 
healed  foci  of  the  endocardium.  Birch-Hirschfeld§  demonstrated  the 
presence  of  staphylococci  in  five  cases  *'in  very  old  and  highly  thickened 
and  calcareous  valves."  Ziegler||  agrees,  adding  that  "under  certain 
conditions  bacteria  may  be  found  in  cases  of  endocarditis  which  have 
existed  for  a  long  time."  Birch-Hirschfeld  does  not  attribute  any  special 
significance  to  his  observations  on  "calcified  cocci,"  but  believes  that 
conditions  in  old  diseased  valves  are  favorable  for  the  localization  of 

*Cf.  Graetzer,  Hugo,  "Dissertation"  (TObingen,  1899),  in  which  the  bibliog- 
raphy of  this  subject  has  been  thoroughly  reviewed. 

f  Mttller,  Kurt,  "Ueber  Knochenabscesse,"  "Archiv  fttr  klinische  Chinirgie," 
Bd.  Iv,  1897,  S.  782. 

{  "Ueber  besondere  Formen  und  Folgezustande  der  acuten  infectiOsen  Myelitis,'' 
"Beitrftge  zur  klinischen  Chinirgie,"  edited  by  Bnins,  Bd.  x,  S.  279. 

§  "  Verhandlungen  des  Congresses  fttr  innere  Medicin,"  Bd.  vii  (1888),  S.  346, 
347.  II  Ibid.,  p.  348. 
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bacteria.  It  is  impossible,  for  the  present,  to  decide  whether  one  or  the 
other  possibility  is  to  be  considered  alone,  or  whether  both  must  be  dealt 
with.  Whoever  believes  in  a  fresh  invasion  must  not  forget  that  such 
an  event  is  by  no  means  ordinarily  seen  in  sepsis.  How  many  patients 
who  had  been  infected  once,  no  matter  how  severely,  remain  free  from 
recurrences,  provided  their  hearts  remain  unaflFected  and  their  lives 
have  been  spared!  How  few,  on  the  other  hand,  are  spared  recurrences, 
whose  hearts  have  been  involved  I  But  even  this  is  no  proof,  and  the 
only  way  to  solve  this  question  is  by  experiment. 


PATHOLOGIC  ANATOMY. 

The  changes  which  are  seen  with  the  naked  cr/e  are  as  follows:  Trans- 
parent, gelatinous,  white,  yellow,  or  reddish  nodules,  slightly  elevated 
above  the  surface,  varying  in  size  from  a  pin-head  to  a  bean,  and  adhering 
to  the  edges  of  the  valves  or  irregularly  scattered  over  both  surfaces, 
either  isolated  or  coalescing.  Similar  nodules  are  often  seen  upon  the 
tendinous  cords  of  the  papillary  muscles.  The  free  surface  is  often  warty, 
like  the  comb  of  a  cock.  This  form  has  long  been  called  verrucous  en- 
docarditis; Corvisart  compared  it  to  condylomata.  When  the  portion 
which  lies  toward  the  free  heart  cavity  is  covered  with  larger  vegetations, 
it  is  styled  ''endocarditis  pol3^06a"  or  "villosa." 

When  ulceration  occurs,  we  find  ulcers  of  considerable  size,  covered 
with  adherent  reddish  or  yellowish  masses,  with  a  sticky,  soft  surface, 
which  often  overlaps  the  edges.  This  is  ulcerating  endocarditis.  ''  When 
purulent  foci  become  visible  in  the  tissues,  the  process  may  be  spoken 
of  as  pustular  endocarditis"  (Ziegler).  The  tissue  changes  which  occur 
in  endocarditis  are  more  important  than  these  old  naked-eye  classifica- 
tions. 

Ziegler  briefly  summarizes  the  appearances  found  in  the  tissues:* 
''The  influence  of  the  germs  at  the  site  of  their  localization  is  probably 
in  all  cases  a  more  or  less  deep-seated  degeneration  of  the  affected  struc- 
tures. If  the  bacteria  penetrate  deeply  into  the  endocardial  tissue  (Plate 
I,  Kg.  2  b),  beginning  at  the  surface,  then  there  may  be  in  some  cases 
a  more  or  less  extensive  necrosis,  so  that  the  tissues  which  are  occupied 
by  bacteria  lose  their  nuclei  (Plate  I,  Fig.  2  c).  As  the  result  of  changes 
in  the  chemic  and  physical  constitution  of  the  tissues  in  which  the  bacteria 
settle  and  multiply,  thrombi  very  soon  are  deposited  upon  the  surface 
of  the  infected  portions,  and  in  most  instances  they  are  finely  granular 
blood-platelet  thrombi  (Plate  I,  Fig.  2  d)  without  cellular  elements.  At 
times  one  finds  leukoc3rtes  and  red  blood-cells  adherent  to  these  (Plate  I, 
Fig.  2  f),  and  also  threads  of  fibrin  (Plate  I,  Fig.  2  e),  so  that  mixed 
thrombi  develop. 

"The  tissues  of  the  aortic  and  pulmonary  valve  which  do  not  contain 
any  vessels,  as  a  rule  show  inflammatory  infiltration  only  at  a  late  stage, 
because  the  leukocjrtes  necessarily  must  emigrate  from  the  base  of  the 
valve.    If  the  bacterial  foci,  however,  are  situated  in  the  mitral  or  tri- 

*  "Lehrbuch  der  speciellen  pathologischen  Anatomic,"  9.  Auflaw,  Jena,  Fischer, 
1898,  S.  31.  "Ausftthrlichere  Mittheilungen  ttber  endocarditische  Efflorescenzen, " 
"Verhandlungen  des  Congresses  fttr  innere  Medicin,"  Bd.  yii,  1888,  S.  339. 

My  friend  Ziegler  was  kind  enough  to  give  me  two  original  drawings,  which  are 
reproduced  herewith  (Flate  I). 


192  ENDOCARDITIS, 

cuspid  valves  which  contain  vessels  (Plafe  I,  Fig.  1),  then  inflammatory 
exudation  soon  appears,  in  virtue  of  which  the  affected  valvular  tissue 
is  infiltrated  more  or  less  densely  with  cells  (Plate  I,  Fig.  1,  e,  f,  g). 
To  the  exudation  from  the  vessels  are  added,  sooner  or  later,  prolifer- 
ative processes  which  produce  a  more  or  less  abundant  embryonic  or 
granulation  tissue.  This  new  tissue  may  grow  into  the  thrombi  covering 
the  superficial  lesions.  Gradually  the  new  tissue  takes  the  place  of  the 
thrombi  and  exudates,  so  that  an  endocardial  excrescence  or  efflorescence 
is  formed. 

"  If  the  bacteria  penetrate  more  deeply  into  the  valvular  tissue  with- 
out producing  an  extensive  necrosis,  we  may  find  a  diffuse  proliferation 
of  tissue  and  a  formation  of  granulation  which  combine  to  cause  a  thick- 
ening of  the  valve. 

"If  tissue-destruction  and  ulceration  have  supervened,  then  granu- 
lations form  at  the  edge  and  at  the  bottom  of  the  ulcer,  and  these  granu- 
lations may  penetrate  into  the  thrombi  when  such  thrombi  cover  the 
ulcerated  surface,  and  thus  the  granulations  may  rise  over  the  surface  of 
the  valve.  Thrombotic  deposits  of  small  size  are  usually  replaced  en- 
tirely by  connective  tissue,  but  many  of  the  larger  thrombi,  such  as  occur 
in  ulcerative  endocarditis,  often  remain,  shrunken  and  calcified,  provided 
the  thrombus  is  not  detached  and  washed  away  earlier,  so  that  the  valves 
DMiy  be  foimd  covered  with  hard,  calcified,  chalky  deposits." 

It  is  generally  admitted  that  the  first  effect  of  the  bacterial  invasion 
is  a  necrosis  of  the  tissues.  Even  the  experiments  of  Ribbert  show  this. 
This  necrosis  is  followed  by  other  changes,  but  we  must  emphasize  the  fact 
that  a  marked  change  takes  place  when  the  necrotic  or  inflammatory 
processes  are  replaced,  sooner  or  later,  by  proliferative  lesions.  Koster* 
describes  this  sequence  with  great  clearness:  "The  first  effect  of  the  mi- 
crococci upon  the  valves  of  the  heart  is  a  more  or  less  extensive  necrosis, 
while  ulceration,  purulent  and  exudative  inflammation,  and  granulating 
inflanmiation  are  only  reactive  processes  which  in  turn  produce  the 
various  forms  of  endocarditis."  This  view  is  now  generally  adopted. 
Anatomically,  we  may  distinguish  between  warty  and  ulcerating  endo- 
carditis, provided  we  admit  that  we  are  speaking  of  things  which  are  not 
essentially  distinct. 

Still  another  question  must  be  considered.  Do  we  find  any  tissue 
changes  in  the  endocardium  which  are  not  referable  to  the  original  action 
of  the  bacteria,  and  which  yet  resemble  in  their  outward  form  those 
changes  which  are  directly  due  to  these  germs?  Zieglerf  answers  this 
question  in  the  affirmative,  and  remarks  that  *'  the  warty  valvular  thrombi 
which  are  seen,  sometimes  upon  apparently  normal  valves,  or  sometimes 
upon  thickened  atheromatous  or  calcareous  valves,  are  usually  situated 
upon  an  endocardium  in  which  exudative  processes  are  either  entirely 
absent  or  at  least  are  present  to  a  very  limited  extent.  The  connective 
tissue  upon  which  they  are  situated  is  either  unchanged  or  is  degenerated 
in  some  way  (there  is  often  hyaline  degeneration),  or  else  is  in  a  state  of 
proliferation.  Regressive  as  well  as  progressive  changes  often  occur  in 
the  same  valvular  region,  and  the  latter  alterations  lead  to  the  formation 
of  connective  tissue  in  the  thrombus,  and  so  to  thickening  of  the  valve. 

I  am  of  the  opinion  that  these  processes  are  incorrectly  classified 
with  the  bacterial  changes  under  the  heading  of  endocarditis.  The  proc- 
ess is  not  characterized  by  inflammation,  but  by  thrombosis  and  by  an 

♦  Loc,  cii.,  p.  265.  t  Loc-  cU,,  (6),  p.  342. 
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Fig.  1. — Endocarditis  mycotica  pustulosa  of  the  tricuspid  valve  following 
infection  from  a  wound  of  the  left  foot  (together  with  hemorrhagic  septic  pneumonia) 
(after  Ziegler).  a.  Tissue  of  the  posterior  flap  of  the  mitral  valve;  6,  chorda  tendinea; 
c,  pustular  excrescence  on  the  mitral  valve;  d,  staphylococcus  pyogenes  aureus; 
c,  streptococci  with  pus  cells;  /,  pus  cells  without  cocci;  g,  small  abscess.  From  a 
specimen  hardened  m  alcohol  and  stained  with  gentian- violet,  iodin,  and  vesuvin. 
X40. 


Fig.  2. — Endocarditis  mycotica  of  the  aortic  valve  (probably  staphylococcus 
pyogenes  aureus  (after  Ziegler).  a.  Normal  valve  tissue;  b,  masses  of  cocci;  c, 
necrotic  non-nucleated  tissue;  rf,  granular  blood-platelet  thrombi;  e,  fibrin  threads 
with  leukocytes;  /,  red  blood-corpuscles.  From  a  preparation  hardened  in  alcohol 
and  celloidm,  stained  with  gentian- violet  and  vesuvin,  and  mounted  in  Canada 
balsam.   X  40. 
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endocardial  proliferative  growth  connected  with  thrombosis,  which  is 
analogous  to  the  proliferative  changes  in  the  intima  of  the  arteries  and 
veins  accompanying  thrombosis  and  embolism.  If  we  do  not  wish  to 
speak  of  warty  thrombosis  and  thrombotic  proliferation  of  the  endo- 
cardium, but  wish  to  include  the  process  in  the  great  group  of  inflamma- 
tory affections,  we  can  speak  of  it  as  a  non-mycotic  thrombo-endocarditis. 

It  remains  to  discuss  the  origin  of  .these  thrombi.  Judging  by  their 
structures,  they  consist  of  a  granular  substance  which  is  formed  of  agglu- 
tinated blood-platelets.  To  this  may  be  added  a  more  or  less  marked 
amount  of  fibrin,  in  threads  or  thicker  strands,  which  incloses  leukocytes 
and  red  blood-cells.  The  thrombi,  therefore,  consist  of  elements  which 
are  also  found  in  similar  deposits  in  the  heart  or  in  the  arteries,  which 
develop  in  the  circulating  blood  and  which  are  also  found  in  artificially 
produced  thrombi.  They  must  also  depend  for  their  origin  on  the  same 
or  similar  causes  as  artificial  thrombi,  namely,  changes  in  the  walls, 
slowing  of  the  current,  or  the  formation  of  eddies  which  favor  the  attach- 
Qient  and  agglutination  of  the  blood-platelets  on  the  surface  of  the  endo- 
cardium. 

Ziegler  does  not  invoke  chemic  influences  as  the  causes  of  the  non- 
bacterial proliferations  of  the  endocardium.  He  considers  that  the  me- 
chanic causes  which  are  present  as  the  result  of  cardiac  weakness  are  fully 
suflnicient  to  produce  these  changes.  On  the  other  hand,  Harbitz*  believes 
that  auto-intoxication,  which  occurs  in  the  diseases  that  most  frequently 
Accompany  these  formations,  play  some  part,  especially  in  cancer,  tuber- 
culosis, and  chronic  nephritis.    But  this  explanation  is  only  a  hypothesis. 

The  immediate  results  of  the  inflammation  of  the  endocardium  on 
the  valves  and  the  papillary  muscles  are  as  follows:  In  the  higher  degrees 
of  inflanunation,  which  pursue  a  rapid  course,  we  find  perforations  in 
the  semilunar  valves,  detachments  from  the  walls  of  the  aorta  (severe 
endocarditis  is  very  rare  in  the  pulmonary  valve),  and  diverticula  toward 
the  side  of  greatest  pressure  (valvular  aneurysms).  In  addition,  we  find 
in  the  case  of  the  bicuspid  and  the  tricuspid  valves  the  detachment  of 
the  tendinous  cords  which  are  fastened  to  their  edges,  and  which  may  be 
destroyed  by  the  process. 

Less  severe  and  more  slowly  rimning  inflammatory  or  non-inflamma- 
tory processes,  accompanied  by  proliferation  of  connective  tissue,  lead  to 
adhesions,  thickenings  with  or  without  calcareous  deposits,  and  to  the 
shortening  of  the  valves.  The  tendinous  cords  may  also  become  shorter, 
thicker,  adherent  to  one  another  when  opposed  surfaces  are  inflamed, 
and  remain  in  immediate  contact  for  a  considerable  time.  In  the  end, 
as  always,  a  shrinking  of  these  tissues  takes  place,  and  the  result  is  an 
insufficiency  of  the  valves  and  a  narrowing  of  their  orifices. 

Acute  endocarditis  may  occur  at  the  beginning  of  the  aorta,  but 
usually  it  is  only  the  ascending  portion  which  is  involved,  and  of  this, 
most  frequently  that  part  nearest  the  heart.  The  exudative  pericarditis 
which  accompanies  a  severe  endocarditis  produces  such  distinct  clinical 
manifestations  that  they  have  been  long  since  given  full  recognition. 
Bouillaud's  work  is  a  proof  of  this.  The  change  in  the  pericardium  is 
still  more  easily  demonstrated  at  autopsy,  and  thus  Bouillaud  lays  great 
stress  upon  the  frequent  coexistence  of  endocarditis  and  pericarditis. 

This  does  not  obtain  in  the  myocardium.  Severe  changes — large 
abscesses  especially — are  by  no  means  frequently  demonstrable.    It  is 

*Loc,  cit,,  pp.  31,32. 
13 
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true  that  Bouillaud  does  report  such  cases  from  the  observation  of 
Corvisart,  Laennec,  and  from  his  own  experience.  He  says,  in  this  con- 
nection:* "Let  us  note,  to  begin  with,  that  until  now  general  carditis 
(myocarditis)  has  not  been  observed  alone,  but  always  was  accompanied 
by  endocarditis  or  pericarditis." 

The  present  state  of  our  knowledge  leads  us  to  the  statement  that  the 
involvement  of  the  heart  muscle  is  the  general  rule  in  endocarditis. 

The  anatomic  forms  of  this  muscular  involvement  are  manifold. 
There  may  be  true  inflanunation,  with  the  formation  of  abscesses,  as 
the  result  of  the  reaction  of  the  living  tissue  against  the  bacteria  w^hich 
have  entered  and  have  produced  necrosis.  Ribbert  has  described  the 
process  in  detail.  There  may  be  also  foci  of  softening  in  the  heart-wall 
which  may  lead  to  dilatation — cardiac  aneur3rsm — or  even  to  perforation. 
They  occur  with  preference  on  the  left  side  of  the  heart,  in  the  papillary 
muscles,  or  even  in  the  septum.  Finally,  there  may  be  a  variety  of  de- 
generations. The  detailed  description  of  all  these  changes  belongs, 
elsewhere. 

It  remains  only  to  be  mentioned  that  the  involvement  of  the  myo- 
cardium  and  the  pericardium  may  result  from  the  invasion  of  germs 
from  the  blood,  but  a  direct  extension  of  the  inflammation  by  continuity 
may  also  occur.  This  is  the  explanation  given  by  Nauwerck  in  his  case^ 
and  Ziegler  agrees  with  him. 

Affections  of  other  organs  are  found  in  the  great  majority  of  cases 
in  the  bodies  of  persons  who  have  died  of  endocarditis.  These  affections 
are  partly  the  results  of  the  general  infection  and  partly  the  effect  of  the 
endocarditis.  The  cavity  of  the  heart  in  these  cases  is  filled  with  blood 
which  may  easily  be  mixed  with  bacteria  from  its  walls,  just  as  the  bacteria 
may  be  associated  with  thrombi  upon  the  walls.  The  constant  movements 
of  the  heart  muscles  favor  this  admixture  in  a  high  degree.  These  masses 
circulate,  then,  wdth  the  blood  which  has  been  driven  into  the  aorta,  and 
bring  tissue  changes  into  all  places  where  they  can  remain  for  a  longer 
time.  The  manner  in  which  these  changes  develop  depends  upon  the 
nature  of  the  emboli  brought  to  the  tissues.  When  bacteria  play  a  role 
in  the  process,  the  principle,  which  is  now  everywhere  recognized,  that  the 
character  of  the  lesion  depends  upon  the  number  and  the  virulence  of 
the  germs,  holds  good. 

It  is  to  be  noted  that  the  species  of  bacteria  is  of  importance  in  de- 
termining the  character  of  the  metastases.  Weichselbaum,*  in  discussing 
the  observations  of  Wyssokowitsch  and  Birch-Hirschfeld,  agrees  with 
them  that  an  endocarditis  due  to  streptococci  usually  produces  an  anemic 
necrosis  in  its  secondary  foci,  while  an  endocarditis  produced  by  staphy- 
lococci usually  results  in  pus-formation. 

In  addition  to  this,  the  '*  bland"  emboli  produce  chiefly  a  mechanic 
effect,  which  may  be  combined  with  the  pathologic  changes  mentioned 
above,  or  which  may  in  itself  lead  to  severe  consequences,  especially 
when  large  arterial  branches  are  closed  by  occluding  thrombi. f  The 
spleen,  the  kidneys,  and  the  brain  are  especially  exposed  to  embolisms, 
and  most  frequently  show  the  corresponding  changes — infarcts  and 
abscesses  with  their  sequels. 

A  question  arises  here:  Could  not  the  marked  participation  of  the 
entire  heart  in  endocarditis  be  brought  about  by  the  fact  that  the  blood 

*  hoc.  cit,  p.  292.  t  Loc.  cU.,  pp.  214,  215. 

X  Virchow,  "Gesammelte  Abhandlungen,"  Cases  8  and  9,  pp.  426-433. 
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which  has  been  infected  with  bacteria  is  pressed  directly  out  of  the  heart 
cavities  into  the  coronary  arteries  which  arise  at  the  beginning  of  the 
aorta?  Mechanically,  this  is  possible,  but  the  conditions  are  too  com- 
plicated to  permit  a  well-founded  hypothesis. 

Other  tissue  changes  which  accompany  endocarditis  are  best  con- 
sidered in  the  chapters  on  the  diseases  of  the  respective  organs.  We  need 
only  add  here  that  the  bodies  of  persons  who  die  of  endocarditis  present 
the  appearances  indicating  a  severe  general  infection  or  an  insufficient 
heart's  action,  and  often  a  combination  of  these  two  factors.  [An  im- 
portant addition  to  the  study  of  endocarditis  has  been  made  by  H.  Kon- 
iger,  "  Histolog^sche  Untersuchungen  iiber  Endocarditis,"  *'Arbeiten  aus 
dem  path.  Institute  zu  Leipzig,"  1903,  H.  2. — Ed.] 
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The  clinical  picture  of  endocarditis  is  extremely  variable.  It  is  com- 
posed of :  (1)  The  participation  of  the  body  as  a  whole  (infection) ;  (2) 
the  disturbances  in  the  heart;  (3)  the  affection  of  one  or  another  organ 
which  takes  place  at  the  start,  or  at  a  later  period. 

Each  of  these  series  of  phenomena  may  be  more  or  less  prominent; 
one  or  the  other  may  be  seen  at  the  beginning  as  the  chief  feature  of  the 
clinical  picture,  and  may  be  so  prominent  that  but  little,  or  at  times 
nothing,  else  is  demonstrable  besides  this  one  factor.  If  the  patient  dies 
within  a  short  time,  nothing  further  is  observed,  but  if  he  lives  for  a  longer 
time,  it  is  rare  to  find  that  the  further  development  of  the  clinical  picture 
in  one  or  the  other  direction  is  lacking. 

A  classification  of  endocarditis  which  is  practically  useful  to  the  phy- 
sician becomes  more  difficult,  in  proportion  to  our  knowledge  of  the  dis- 
ease. The  classification  cannot  be  based  upon  the  variety  of  germ  causing 
the  disease;  for  no  germ  produces  such  marked  differences  in  the  clinical 
picture  that  these  furnish  data  for  a  classification.  Neither  do  the  various 
species  of  germs  give  rise  to  essential  differences  in  the  course  or  the  ter- 
mination of  the  disease. 

Anatomic  studies  have  taught  us  that  the  distinction  long  observed 
between  ulcerative  and  warty  endocarditis  is  impossible.  The  anatomic 
changes  in  the  endocardium  are,  in  general,  not  the  sole  criteria,  because 
even  in  cases  which  rapidly  lead  to  death  only  the  beginning  of 
tissue  change  may  be  found,  and  no  ulceration  whatever.  The  classi- 
fication, therefore,  must  be  clinical,  and  cannot  be  expected  to  be  based 
upon  sharp  and  distinct  characteristics.  We  must  be  content  to  dis- 
tinguish a  severe  form  from  a  mild  one,  and  be  satisfied  with  the  scantiest 
characterization.  We  must  remember,  also,  that  a  mild  infection  may 
become  severe,  and  that  one  which  appears  severe  may  grow  milder.  If 
we  admit  the  expressions  *' benign"  and  '*  malignant,"  they  must  be 
applied  only  to  a  definite  period  of  time,  for  that  which  applies  to-day 
is  no  longer  valid  to-morrow.  We  must  always  bear  in  mind  the  possi- 
bility of  a  rapid  change  in  the  clinical  condition.  From  all  this,  it  appears 
that  there  is  no  "typical"  clinical  picture  of  endocarditis.  Some  very 
acute  cases  begin  suddenly,  with  chills,  rapidly  rising  high  temperature, 
extreme  loss  of  strength,  and  almost  complete  clouding  of  the  senses. 
These  conditions  may  remain  to  the  end,  which  may  occur  within  a  few 
days.    The  following  is  an  example: 
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Case  1. — A  man  aged  fifty-eight  years;  previous  history  unknown.  At  midnight 
between  the  twenty-seventh  and  twenty-eighth  of  February,  1890,  he  was  suddenly 
taken  with  a  severe  chill.  In  the  mornmg  he  tried  to  get  up,  but  could  not  stand  on 
his  feet  and  was  obliged  to  return  to  his  bed.  As  there  was  an  epidemic  of  influenza 
at  that  time,  it  was  thought  that  he  had  this  disease.  His  frienas,  therefore,  waited 
until  the  twenty-first  of  March,  at  noon,  before  they  applied  to  the  polyclinic. 
"The  patient  coughs  a  great  deal,  and  does  not  seem  to  be  well.'' 

On  examination,  the  very  robust  man,  semiconscious,  murmured  to  himself  and 
did*not  take  any  notice  of  his  surroundings.  When  called,  he  answered  and  spoke  a 
few  intelligent  words,  but  immediately  began  to  wander — asked  to  go  to  the  field,  as 
he  had  a  great  deal  of  work  to  do,  etc.  Both  feces  and  urine  were  passed  involun- 
tarily. He  attempted  to  help  when  he  was  undressed  for  the  examination,  but  after 
a  brief  effort  collapsed.  The  respirations  were  difficult — 39  per  minute;  the  pulse  was 
110,  irregular,  the  peripheral  arteries  atheromatous.  On  percussion  of  the  lungs  a 
slight  dinness  over  the  right  lower  lobe  behind.  On  auscultation  in  the  same  area 
there  was  soft  bronchial  breathing  below  the  angle  of  the  scapula  and  fine  moist  rAles, 
both  on  expiration  and  inspiration.  Over  the  rest  of  the  chest  there  was  sharp 
vesicular  breathing  with  a  few  dry  r&les.  The  heart  dulness  was  normal.  The 
heart  tones  seemed  clear,  but  coula  not  be  heard  very  well  on  account  of  the  loud 
breathing.     Palpation  of  the  body  (muscles,  bones)  elicited  no  evidences  of  pain. 

7  P.  M.:  Complete  coma.  The  pupils,  which  had  reacted  at  noon,  were  very 
narrow  and  did  not  dilate  to  any  extent  when  they  were  shaded.  The  patient 
received  a  cold  bath  and  it  was  reported  that  he  had  slightly  revived  after  that.  The 
nurse  noted  that  the  limbs  of  the  patient  were  very  stifif  and  could  scarcely  be  bent 
during  the  bath. 

11  p.  M.:  The  condition  of  the  patient  remained  the  same,  but  the  pupils  were 
widely  dilated.  He  died  at  3  a.  m.  March  31st  without 
remission  of  the  coma.  The  temperature,  which  was 
taken  eveiy  two  hours,  took  the  course  indicated  in 
the  chart  (Fig.  25). 

Autopsy. — Twelve  hours  after  death,  by  Profes- 
sor von  Baumgarten;  Extract  from  the  record. — 
"The  rigor  mortis  is  very  marked.  There  are  nu- 
merous small  petechisB  in  the  skin.  The  heart  is 
moderately  enlarged;  the  muscles  of  the  right  ven- 
tricle show  a  slight  decree  of  hypertrophy.  There  is 
slight  insufficiency  ana  stenosis  of  the  mitral  valve, 
produced  by  the  shrinking  of  the  connective  tissue  of 
the  valve  in  the  longitudinal  and  transverse  diameter, 
as  well  as  by  an  adhesion  of  both  flaps  with  a  cal- 
cified bridge  of  connective  tissue.  A  few  gray, 
fibrin-like  excrescences  are  found  at  the  free  lower 
border  of  the  aortic  flap  of  the  mitral.  The  tendinous  cords  of  the  flap  are  markedly 
thickened.  A  soft,  gray,  slightly  adherent  deposit  is  found  over  a  very  limited  area, 
at  the  boundary  between  the  posterior  and  the  left  aortic  valve.  The  heart-muscle 
shows  no  hemorrhages  and  no  embolic  foci. 

**  The  right  lung  shows,  about  the  middle  of  the  lower  lobe,  two  hemorrhagic  foci, 
about  one  square  centimeter  each.  The  left  lung  shows  a  hemorrhage  at  about  the 
middle  of  the  lower  lobe.  The  spleen  is  somewhat  enlarged  (14  cm.  long),  dark-red, 
somewhat  toughened,  but  still  softer  than  in  stasis,  and  shows  no  hemorrhages  or 
infarcts.  The  kidneys  show  numerous  hemorrhages,  up  to  the  size  of  a  pin-head, 
which  lie  chiefly  in  the  outermost  cortical  zone,  and  which  are  characterized  fre- 
quently by  yellow  centers.  Here  and  there  there  are  also  minute  yellowish  foci, 
which  are  surrounded  only  by  a  very  narrow  hemorrhagic  area.  Numerous  small 
hemorrhages  are  found  upon  the  mucosa  of  the  stomach,  with  correspondingly  large 
erosions.     The  brain  is  congested  and  edematous.     The  liver  is  congested." 

Report  of  the  bacteriologic  examination:  "Cover-glass  preparations  were  made 
during  the  autopsy  from  the  endocardial  deposits,  and  on  staining  they  showed 
numerous  streptococci  in  pure  culture. 

"Plates  of  agar-agar  which  were  inoculated  with  the  same  material  and  were 
kept  in  a  thermostat  at  37°  C.  showed  a  large  number  of  colonies  of  streptococcus,  of 
which  some  were  inoculated  into  gelatin  broth,  and  produced  an  absolutely  pure 
culture  of  streptococcus.  Sections  were  made  from  various  portions  of  the  lesions  in 
the  endocardium  which  had  been  hardened  in  alcohol,  as  well  as  from  the  foci  in 
the  kidneys  which  had  been  noted  on  naked-eye  inspection.  These  were  stained  ac- 
cording to  the  method  of  Gram-GUnther.     The  endocardial  preparations  showed 
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the  presence  of  fibrinous  deposits  which  were  studded  with  numerous  msisses  of 
streptococci,  while  the  tissues  which  lay  beneath  them  were  in  places  markedly  infil- 
trated with  small  round-cells.    A  necrosis  of  the  valvular  tissue  was  not  found. 

''The  sections  of  the  kidneys  showed  numerous  emboli  of  streptococci  in  the 
smaller  arteries,  particularly  in  the  region  of  the  cortex,  around  which  there  were 
hemorrhages  of  various  sizes,  and  in  some  places  extensive  epithelial  necrosis  of  the 
convoluted  tubules,  while  the  glomeruli  of  these  portions  as  well  as  the  straight 
tubules  showed  a  distinct  nuclear  stain  throughout.  In  the  neighborhood  of  the 
emboli  composed  of  streptococci  there  was  only  a  slight  inflammatory  reaction." 
Great  masses  of  streptococci  were  also  found  in  the  hemorrhagic  foci  in  the  right  lung. 

This  is  a  clear  case  of  most  severe  endocarditis,  which  terminated 
fatally  within  seventy-five  hours.  It  began  undoubtedly  in  the  endo- 
cardium of  the  valves  on  the  left  side  of  the  heart.  The  mitral  had  been 
affected  previously  to  a  slight  degree,  but  there  had  been  complete  com- 
pensation. The  patient  continued  to  do  the  exhausting  work  of  a  grape- 
gatherer  until  the  last,  and  only  a  slight  hypertrophy  of  the  muscular 
structures  of  the  right  ventricle  was  needed  to  enable  him  to  go  on  with 
his  work.  And  yet,  it  was  the  valve  which  had  been  injured  many  years 
previously  which  became  death's  portal  of  entrance. 

The  general  symptoms  did  not  differ  from  those  which  occur  in  every 
severe  infection.  A  positive  diagnosis  was,  therefore,  impossible.  One 
was  obliged  to  think,  at  first,  of  a  pneumonia  which  had  not  yet  fully 
developed:  a  sudden  onset  with  chills,  high  fever,  a  ratio  between  the 
respiration  and  the  pulse  as  1  is  to  2.8,  and  the  physical  signs  in  the 
lower  lobe  of  the  right  lung  which  possibly  pointed  to  a  beginning 
localization. 

A  slow  onset  is  more  frequently  noted;  lassitude,  indefinite,  often 
wandering,  "tearing"  pains,  slight  chills  or  chilly  sensations,  aversion 
to  mental  labor,  still  more  markedly  present  than  disinclination  to  phy- 
sical activity,  depression,  and  loss  of  appetite.  There  are  also  sleepless- 
ness and  distinct  emaciation.  The  patients  continue  in  this  manner 
for  days,  and  sometimes  for  a  week  or  more,  without  complaining  of  any 
other  symptoms  than  the  above-mentioned  signs  of  general  malaise. 

The  physician  who  is  called  at  this  time  always  finds,  I  believe,  some 
changes  in  the  course  or  in  the  elevation  of  the  temperature;  often  sen- 
sitiveness on  pressure  over  the  long  bones;  sometimes  a  slight  swelling 
of  the  joints,  and  pains  in  the  legs,  which,  however,  do  not  interfere  with 
walking.  The  spleen  may  possibly  be  slightly  enlarged.  The  signs  on 
the  part  of  the  heart  can  only  be  brought  out  by  very  careful  examina- 
tion, and  consist  usually  in  a  slight  irregularity  in  the  rhythm  and  tension 
of  the  pulse,  or  still  more  frequently  in  an  insufficient  circulation,  a  cold 
nose,  cold  ears,  slight  cyanosis  of  the  skin,  especially  on  dependent  fingers 
and  toes.  There  may  be  no  other  developments,  and  gradually,  but  only 
in  the  course  of  weeks,  the  patient  improves.  But  the  valvular  disease 
which  fully  develops  in  time — months  afterward — teaches  us  what  the 
real  cause  of  the  trouble  had  been. 

It  is  true  such  a  seemingly  favorable  course  is  not  always  observed. 
After  a  time  the  temperature  rises  suddenly,  with  more  or  less  marked 
chilly  sensations,  up  to  a  distinct  chill,  or  else  it  rises  slowly  from  day  to 
day.  The  general  condition  of  the  patient,  his  nutrition,  and  his  strength 
suffer  markedly.    The  dulness  over  the  spleen  becomes  larger. 

By  this  time  there  are  generally  some  signs  in  one  or  another  of  the 
organs,  due  to  the  development  of  the  bacterial  infection,  and  the  earliest 
of  these  are  seen  in  the  joints,  the  bones,  and  the  muscles.    But  friction- 
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sounds  may  also  be  heard  over  the  liver,  the  spleen,  and  the  pleura, 
although  they  are  usually  coincident  with  the  other  manifestations  men- 
tioned. 

Hemorrhages  into  the  skin,  usually  petechiae  of  small  si25e,  may  also 
occur,  and  in  some  instances  there  may  be  various  kinds  of  exanthemata 
(erythema  multiforme).  The  heart-muscle  grows  weaker,  and  as  this 
goes  on  the  cyanosis  of  the  skin,  the  coldness  of  the  hands  and  feet,  and 
the  imperfect  filling  of  the  arteries  grow  worse.  The  irregularity  of  the 
rhythm  which  has  been  present  from  the  beginning  becomes  more  distinct. 
The  heart-sounds  which  were  at  first  somewhat  low  and  muffled,  but 
still  pure,  become  changed,  grow  less  well  defined,  become  reduplicated, 
or  are  accompanied  by  murmurs  which  are  usually  variable  in  their  loca- 
tion and  their  intensity.  At  times  there  may  also  be  true  or  false  peri- 
cardial friction-sounds.  The  heart  increases  in  size,  as  is  shown  not  only 
by  the  enlargement  of  its  area  of  dulness,  but  also  by  the  position  of  the 
apex-beat.  Secondary  affections  may  also  develop  from  the  heart  through 
the  detachment  of  larger  fragments,  or  the  propagation  of  bacteria  which 
multiply  abimdantly  on  the  endocardium.  In  this  manner  new  foci 
develop  here  and  there,  and  the  picture  grows  more  and  more  similar  to 
that  of  sepsis.  The  individual  case  is  characterized  by  the  peculiarity 
that  the  affection  of  the  embolically  involved  organ  is  marked  enough  to 
dominate  the  entire  scene.  This  occurs,  for  example,  when  an  embolism 
occurs  in  the  brain  or  when  an  acute  nephritis  develops — these  two  being 
examples  of  a  coarser  and  finer  secondary  involvement.  As  evidence  of 
this  I  present  the  following  case: 

Case  IT. — ^A  mason,  aged  eighteen  years,  was  admitted  on  November  6,  1890. 
Eight  days  before  he  had  slight  sore  throat  and  general  malaise.  After  a  few  days 
of  improvement  the  sjrmptoms  grew  more  severe,  so  that  he  was  obliged  to  stop 
working.  The  tonsillar  abscess  burst  on  the  eighth,  and  although  the  slight  fever 
disappeared,  the  general  condition  remained  poor.  The  patient  did  not  complain 
of  anything  special,  but  was  apathetic  and  very  clumsy  in  his  movements.  On  the 
tenth  he  developed  a  peculiar  affection  of  the  striped  muscles,  which  will  not  be  de- 
scribed in  detail  for  the  present. 

Let  us  confine  ourselves  to  the  behavior  of  the  heart.  Repeated  examinations, 
the  last  of  which  was  made  on  the  eleventh,  showed  the  absence  of  any  disturbances. 
It  was  not  until  the  thirteenth,  with  a  temperature  of  37°  C.  (98.6°  F.),  that  the  pulse 
rose  to  84  and  became  slightly  irregular.  On  the  following  da^  there  was  pain  on  pres- 
sure at  various  points  over  the  long  bones,  and  a  slight  elevation  of  temperature.  On 
the  fifteenth,  there  was  some  cyanosis  and  slight  undulation  of  the  veins  in  the  neck, 
as  well  as  an  extension  in  the  area  of  dulness  over  the  heart  (probably  due  to  the  re- 
traction of  the  lungs),  but  the  irregular  pulse  varied  within  a  few  minutes  between 
84  and  107.  The  "heart  tones  were  pure.  The  cyanosis  improved  considerably  until 
the  seventeenth  of  November,  while  the  venous  pulse  had  disappeared  entirely. 
The  pulse  now  grew  more  quiet  and  more  regular,  but  on  the  first  of  December  ir- 
regularity was  again  noted  and  gradually  increased.  On  the  sixth  the  pulse  became 
interrupted  at  every  tenth  beat.  The  use  of  digitalis  was  now  thought  to  be  in- 
dicated, and  a  good  result  was  obtained  by  the  administration  of  two  grams  in  infu- 
sion. 

The  extension  of  the  area  of  dulness  to  the  right,  a  finger 's-breadth  beyond  the 
right  sternal  border,  was  noted  for  the  first  time  on  December  15th,  but  the  apex-beat 
was  still  within  the  mammary  line  in  the  fifth  intercostal  space.  The  heart  tones, 
which  had  been  pure  until  then,  now  became  somewhat  muffled.  The  heart's  action 
remained  abnormal,  and  became  distinctly  less  vigorous  and  less  regular.  Thus,  on 
December  24th,  the  pulse  showed,  in  as  many  consecutive  minutes,  120, 108, 105,  96, 
and  102  beats.  It  is  not  necessary  to  give  in  detail  the  very  accurate  observations 
which  were  later  on  made  in  this  case:  There  were  frequent  variations,  but  no  more 
severe  disturbances  of  the  heart  than  those  already  related.  It  was  noted,  however, 
that  the  frequency  of  the  pulse  gradually  increased,  and  that  it  began  to  decrease 
only  at  the  end  of  the  eleventh  week  of  the  disease.    The  following  table,  which  was 
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made  up  from  the  regular  morning  counts  of  the  pulse,  shows  the  behavior  of  these 
variations: 


TABLE  OF  PULSE-RATE  IN  CASE  II. 

Time. 

Average. 

Maximum. 

Minimum. 

First         week 

73 

74 

77 

89 

107 

116 

111 

106 

118 

116 

124 

100 

85 

102 

84 

90 

99 

120 

120 

124 

141 

138 

132 

132 

70 

Second        "    

63 

Third           "    

69 

Fourth        "    

84 

Fifth            "    

90 

Sixth           "    

108 

Seventh       "    

93 

Eighth        "    

87 

Ninth          "    

96 

Tenth          "    

108 

Eleventh     "    

118 

Februarv  1  to  7 

February  8toll 

The  greatest  danger  in  this  case  lay  in  the  nephritis  (see  p.  245) ,  which  became 
evident  as  early  as  the  fourteenth  of  November  through  complete  anuria,  which 
continued  for  tnlrtv  hours  and  was  accompanied  by  severe  cerebral  disturbances 
— ^uremic  coma.  The  heart  had  kept  up  during  this  time, — the  third  to  the  fifth  of 
January, — ^and  only  grew  weaker  again  in  the  following  davs.  It  was  probable,  how- 
ever, from  all  appearances,  that  the  insufficient  work  of  the  heart  was  an  important 
factor  in  the  distribution  of  the  dropsy  which  followed  the  nephritis.  The  jmtient 
was  discharged  in  April,  1891 ,  and  in  May  of  the  same  year  he  resumed  his  work.  He 
even  believed  that  he  had  gained  strength  as  compared  with  his  former  condition, 
and  considered  himself  in  good  general  condition.  He  died  on  February  4,  1892, 
from  acute  yellow  atrophy  of  the  liver.  There  had  been  no  diminution  in  the 
heart's  action  during  this  short  fatal  illness. 

The  autopsy  (Professor  von  Baumgarten)  showed  the  following  old  lesions: 
The  heart  was  somewhat  larger  than  the  fist.  The  mitral  valve  showed  small 
fibrous  nodules  on  and  above  the  line  of  closure,  and  the  free  border  of  the  aortic 
valve  was  somewhat  thickened  and  rounded.  This  shows  that  the  first  disease, 
which  was  a  septic  infection  from  the  tonsils,  was  accompanied  by  an  endocarditis, 
the  presence  of  which  had  been  suspected.  The  recovery  was  complete,  as  the 
function  of  the  valves  had  been  restored.  The  sepsis  proper  at  that  time  had  not 
been  a  very  severe  one,  and, the  general  disease  was  of  comparatively  milder  character. 
The  maximum  temperature  was  39.3°  C.  Life  was  threatened  by  the  nephritis,  but 
even  the  kidneys  recovered,  so  that  nothing  was  left  of  the  older  changes  except  here 
and  there  narrow  bands  of  increased  interstitial  tissue.  Bacteria  which  could  be 
connected  with  either  disease  were  not  found. 

The  disease  may  remain  stationary.  If  it  tends  to  a  fatal  termination, 
the  outcome  depends  either  upon  the  general  disease,  which  is  manifested 
by  fever  in  the  last  stage,  or  by  failure  of  nutrition  and  cachexia.  In 
these  circumstances  the  cause  of  death  is  not  the  affection  of  one  definite 
organ,  but  a  fatal  ending  may  take  place  more  or  less  rapidly  as  the  result 
of  the  involvement  of  the  heart,  of  the  brain,  or,  most  frequently,  of  the 
kidney.  These  cases  constitute  what  may  be  called  the  septic  form  of 
endocarditis. 

An  insidwus  course  is  usually  noted  when  endocarditis  follows  acute 
articular  rheumatism.  No  definite  time  can  be  given  for  the  onset  of  this 
endocarditis.  Possibly  it  begins  with  a  feeling  of  palpitation  of  the 
heart,  or  even  merely  with  the  sensation  that  a  heart  is  present,  but  if 
the  patient  who  complains  of  these  sensations  be  examined,  we  rarely 
find  anything. 
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The  most  positive  sign,  in  my  opinion,  is  the  disturbance  of  the  heart's 
action  as  a  whole,  which  will  not  be  easily  missed  by  those  who  examine 
for  it  daily,  and  who  carefully  note  all  the  signs  even  at  their  very  onset. 
We  must  always  pay  attention  to  respiration  in  these  cases;  for  very 
painful  joints  which  feel  any  marked  jolt  or  even  the  unavoidable  change 
of  position  of  the  body  during  deep  inspiration,  will  force  the  patient 
to  very  slight  expansion  of  the  lungs.  The  results  are  cyanosis,  an 
increased  frequency  of  the  pulse,  and  a  visible  movement  of  the  blood 
in  the  veins  of  the  neck.  The  enlargement  of  the  heart  area  induced 
through  the  retraction  of  the  lungs,  which  are  but  slightly  distended 
by  the  respiratory  muscles,  and  the  increased  intensity  of  the  diastolic 
tones  over  the  pulmonary  artery,  all  contribute  to  the  diagnosis  of  an 
endocarditis,  localized  in  the  mitral,  when  systolic  murmurs  can  be  heard. 
Nothing  can  be  determined  from  the  behavior  of  the  temperature,  so 
long  as  the  swellings  of  the  joints  continue  to  be  present.  When  these 
have  disappeared,  then,  indeed,  any  rise  or  any  abnormal  distribution 
of  the  temperature  during  the  day  will  point  to  the  involvement  of  the 
heart.  As  a  rule,  the  course  of  these  cases  is  not  a  very  acute  one  and  the 
clinical  picture  is  limited  to  the  changes  in  the  heart  with  their  effects 
upon  the  circulation.  But  even  here  we  find  exceptions:  severe  general 
illness  and  widely  distributed  metastatic  local  affection. 

We  must  emphasize  once  more  how  difficult  it  is  to  determine  the 
boundary  which  separates  septic  infection  from  acute  articular  rheuma- 
tism. Does  such  a  boundary  exist,  anyway?  I  have  abeady  expressed 
my  opinion  (see  p.  182). 

It  is  only  when  the  heart  shows  changes  which  permanently  diminish 
its  functional  powers  that  we  can  judge  from  the  clinical  picture  of  endo- 
carditis whether  a  primary  or  a  recurrent  affection  is  present.  All  these 
changes,  whether  they  affect  the  muscular  mass,  the  valves  and  orifices, 
or  whether  they  involve  adhesions  with  the  pericardium,  exercise  their 
own  effects  upon  the  work  of  the  heart. 

These  old  lesions  may  produce  such  a  marked  effect  in  a  very  short 
time  that  a  cardiac  failure  results  in  the  course  of  a  rather  slight  recurrent 
affection,  and  rapidly  leads  to  a  fatal  end.  If  it  were  possible  to  follow 
more  closely  the  various  attacks  or  a  recurrent  endocarditis,  the  steadily 
increasing  succession  of  lesions  would  be  shown  clearly  enough.  An 
example  for  this  very  frequent  type  of  the  disease  is  the  following: 

Case  III. — The  patient  was  a  man  thirty-four  years  old  (at  the  time  of  his  death) 
who  was  first  attacked  with  acute  rheumatism  when  he  was  eight  years  of  age,  and 
this  attack  obliged  him  to  remain  in  bed  for  almost  six  months.  Kepeated  relapses 
occurred,  but  were  less  severe,  and  nothing  could  be  discovered  about  their  exact 
number.  The  affected  joints  remained  painful  and  there  was  palpitation  of  the  heart 
for  some  time  afterward,  together  with  a  distinct  lowering  of  nutrition.  In  his  ninth 
year  he  had  chorea. 

First  admission  to  the  policlinic,  June,  1876. — He  was  then  a  boy  of  thirteen 
years,  with  large  bones  but  somewhat  flabby  muscles,  and  but  little  fat.  His  heart 
was  dilated  considerably  in  both  directions,  and  measured  17  cm.  transversely  and 
1 1  cm.  vertically.  The  area  of  dulness  extended  on  the  left  side  from  the  upper  mar- 
gin of  the  second  rib  outward  to  the  anterior  axillary  line,  and  downward  to  the  fifth 
rib.  On  the  right  side  it  extended  from  the  same  level  as  on  the  left,  and  outward  to 
the  extent  of  5  cm.  across  the  median  line.  The  apex-beat  was  markedly  diffuse, 
prominent,  and  situated  in  the  fifth  intercostal  space,  being  visible  out  to  the  anterior 
axillary  line,  but  most  distinct  at  3  cm.  below  the  nipple. 

The  lungs  were  not  retracted.  The  liver  dulness  began  at  the  upper  margin  of  the 
sixth  rib.  On  auscultation,  a  loud  systolic  murmur  was  heard  over  the  apex; 
no  diastolic  tone  was  made  out.    The  aorta  showed,  on  auscultation,  at  first  an  im- 
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pure  systolic  tone,  which  in  the  course  of  a  few  days  became  a  distinct  murmur  that 
was  transmitted  into  the  subclavian  and  the  aorta.  The  pulmonary  valve  showed  a 
markedly  increased  second  sound.  The  pulse  was  128  as  a  maximum,  regular,  and 
its  frequency  was  independent  of  the  temperature.  It  was  124  at  40**  C.  (104°  F.); 
128  at  38.5°  C.  (101.3°  F.);  and  120  at  37° C.  (98.6°  F.).  There  was  no  swelling 
of  the  joints,  but  there  were  muscular  pains  and  a  stabbing  pain  in  the  region  of  the 
heart.  These  symptoms  rapidly  disappeared.  Salicylic  acid  was  given,  beginning 
on  the  fourteenth  of  June. 

Second  admission — from  December  7, 1893,  to  March  3, 1894.  It  was  impossible 
to  determine  with  certainty  whether  a  relapse  of  the  disease  had  taken  place  in  the 
interval,  as  the  patient  could  not  state  definitely  the  vears  when  he  had  had  attacks. 
He  was  then  thirty  years  of  age,  had  selected  the  trade  of  a  carpenter,  and  had  been 
able  to  pursue  the  hard  labor  connected  with  this  trade  in  spite  of  the  fact  that  he  had 
been  troubled  at  times  with  shortness  of  breath  and  with  palpitation  of  the  heart. 
His  body  developed  according  to  his  conditions  of  living.  He  was  a  ^'sturdy  man  of 
middle  height  with  very  strong  muscles,"  we  find  stated  in  the  history  taken  on 
December  7th. 

For  two  weeks  before  admission  he  had  been  feeling  indisposed  and  very  tired, 
and  during  the  night  between  the  sixth  and  the  seventh  of  December  he  developed 
fever  and  acute  pains  in  the  joints  of  the  feet  and  hands.  There  was  swelling,  red- 
ness, and  tenderness  on  pressure  in  both  ankles  and  wrists,  and  to  a  lesser  degree 
in  the  elbows  and  knees.  These  symptoms  disappeared  completely  after  the  use 
of  small  amounts  of  sodium  salicylate  for  two  days,  and  they  did  not  return. 

The  heart  was  dilated  in  both  directions.  On  the  left  side  the  cardiac  dulness 
began  at  the  lower  border  of  the  second  rib,  and  extended  two  finger-breadths  across 
the  mammary  line.  On  the  right  side  it  extended  to  the  right  sternal  border,  be- 
ginning at  the  second  rib.    The  apex  was  in  the  sixth  intercostal  space,  outside  of  the 
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mammary  line.  On  auscultation  there  was  a  loud  systolic  murmur  at  the  apex. 
Over  the  aortic  area  the  signs  at  first  were  ill-defined,  but  after  a  few  days  a  distinct 
diastolic  and  a  less  distinct  systolic  murmur  appeared.  The  pulmonary  second 
sound  was  markedly  accentuated.  In  addition  to  these  signs  of  aortic  insufficiency 
there  was  a  rapid  pulse,  a  double  diastolic  sound  over  the  crural  artery,  and  a  capillary 
pulse  at  the  finger-nails. 

On  admission,  the  pulse  was  still  regular  and  vigorous,  but  eight  days  later  it 
was  found  to  be  irregular  (Fig.  26).  This  irregularity  continued  to  the  end  of  the 
observation,  and  at  times  was  actually  intermittent.  The  different  days  of  the  dis- 
ease offered  considerable  variations  in  this  respect.  When  the  patient  remained  per- 
fectly quiet,  the  pulse  was  different  from  that  observed  when  he  exerted  himself  even 
slightly.  The  temperature  was  measured  three  times  daily  until  February  9,  1894, 
but  during  the  last  week  it  was  taken  only  twice  daily. 

During  all  this  time,  there  were  only  two  slight  elevations  recorded  (maximum 
38.2°  C.  (100.7°  F.)— December  24, 1893,  to  January  23, 1894),  not  counting  the  rise 
of  temperature  at  the  beginning  (maximum  39°  C.  (102.2°  F.) ).  On  the  whole,  there 
had  been  rather  subnormal  temperatures.  Before  the  patient  was  discharged  the 
heart  was  carefully  examined  once  more.  The  dulness  nad  become  somewhat  less 
extensive,  and  was  diminished  by  one  intercostal  space  above,  while  the  apex-beat 
had  become  elevated  to  the  extent  of  one  intercostal  space.  It  was  especially  inter- 
esting to  note  that  the  respiration  had  a  marked  influence  upon  the  pulse,  and  that 
during  inspiration  the  pulse-wave  was  weaker.  The  murmurs  were  distinct  as  be- 
fore, and  a  systolic  bruit  was  heard  over  the  carotid.  The  general  condition  and 
the  strength  of  the  patient  were  satisfactory,  so  that  he  tfould  pursue  his  work  fairly 
well. 

Third  admission — from  November  6,  1894,  to  March  7,  1895.  Since  his  last 
sojourn  in  the  hospital  the  man  could  go  on  with  his  trade  without  marked  difficulties 
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on  the  part  of  the  heart.  It  was  only  for  the  preceding  fourteen  days  that  he  had 
felt  some  pain  in  one  or  another  of  the  joints.  During  the  night  from  the  fifth  to 
the  sixth  of  November  he  had  been  very  feverish,  with  slight  chills  and  severe 
pains  in  the  joints.  On  the  left  side,  the  ankle,  the  knee,  the  wrists,  and  the 
shoulder  were  involved,  and  in  the  morning  the  right  arm  and  leg  also  began  to 
trouble  him.     Medical  attendance  was  immediately  requested. 

On  admission  he  showed  a  marked  diffuse  erythema  of  the  skin  on  the  forehead 
and  the  face,  and  a  more  circumscribed  erythema  upon  both  palms,  while  the  legs 
showed  scattered  spots  of  the  size  of  a  lentil.  Almost  all  the  joints  became  swollen 
after  a  few  days,  readened  and  painful  on  motion  and  on  pressure,  and  even  the  articu- 
lation of  the  jaw  on  the  right  side  took  part.  There  was,  in  addition,  at  first  a  slight, 
later  an  increasing,  sensitiveness  to  pressure  over  the  shaft  of  the  humerus,  the 
radius,  and  ulna,  over  the  thigh  on  botn  sides,  and  the  muscles  of  the  arm.  Salicylic 
acid,  which  had  been  used  before  against  these  symptoms  with  quick  success,  pro- 
duced this  time  a  less  distinct  improvement. 

In  the  further  course  of  the  disease  pleurisy  developed  on  the  right  side  on  the 
fourth  day,  the  exudate  being  rather  small.  On  the  sixth  day  a  pericarditis  with  a 
moderate  exudate  was  discovered.  On  the  sixteenth  to  the  twentieth  day  there  was  a 
severe  diarrhea.  On  the  fifth  day  for  the  first  time,  and  then  repeatedly  at  frequent 
intervals,  there  were  attacks  of  cardiac  asthma,  which  increased  to  a  veritable  angina 
pectoris. 

The  heart  did  not  show  any  great  difference  as  compared  to  its  condition  noted 
previously,  except  the  signs  of  pericarditis.  The  pulse,  which  was  frequently  irregular, 
to  a  slight  extent  became  weaker,  and  there  was  a  distinct  diminution  in  the  work- 
ing capacity  of  the  heart. 

The  temperature  was  taken  three  times  daily  from  November  6th  to  March  6th. 
I  shall  speak  again  on  this  point  later  on,  but  shall  mention  here  only  that  the  maxi- 
mum was  only  39.1°  C.  (102.4°  F.)  even  when  pleurisy  and  pericarditis  developed. 
The  symptoms  lingered  a  long  time,  and  again  and  again  the  pains  in  the  joints  re- 
turned. The  last  elevation  of  temperature  was  noted  on  February  21st  (38.4°  C. — 
191.1°  F.).  The  patient  was  discharged  with  considerably  diminished  capacity  for 
work. 

Fourth  admission — ^from  September  22d  to  October  14, 1897.  He  had  been  get- 
ting along  fairly  well  for  the  preceding  two  years,  and  although  he  could  not  work  as 
well  as  formerly,  he  had  not  been  seriously  ill.  He  continued  at  his  trade  in  spite  of 
temporary  discomfort  through  palpitation  of  the  heart  and  shortness  of  breath. 

The  local  symptoms  over  the  heart  were  scarcely  changed,  but  the  pulse  had  be- 
come notably  irregular  in  both  strength  and  rhythm.  Tnere  was  slight  cyanosis, 
but  no  edema  nor  swelling  of  the  joints  and  no  fever.  Rest  in  bed  and  an  ice-bag 
over  the  heart  sufficed  to  relieve  the  patient  of  his  complaints  within  a  few  days, 
and  to  regulate  the  heart's  action.  He  was,  therefore,  discharged  with  a  warning 
to  take  care  of  himself. 

Fifth  admission — from  the  twenty-fifth  of  October  until  death  on  the  tenth  of 
November,  1897.  The  patient  had  been  so  well  in  the  interval  that  he  had  been 
doing  light  work  in  the  field  and  about  the  house.  But  in  the  last  few  days  he  had 
been  suffering  from  great  fatigue,  loss  of  appetite,  and  a  feeling  of  fulness  in  the  re- 
gion of  the  stomach,  together  with  palpitation  of  the  heart. 

On  examination  he  showed  cyanosis,  venous  pulse  in  the  neck,  enlarged  liver. 
There  was  no  edema,  but  the  pulse  was  less  full  and  was  irregular.  Everything 
pointed  to  failure  of  the  heart's  action.  These  signs  increased,  and  as  early  as  the 
fourth  of  November  there  was  an  attack  of  cardiac  asthma  which  recurred  with 
increasing  intensity  on  the  fifth,  the  seventh,  and  the  ninth. 

These  attacks  were  accompanied  by  a  tendency  to  syncope.  The  secretion  of 
urine  was  diminished,  and  on  the  sixth  amounted  to  300  c.c.  The  specific  gravity 
was  1026.  For  the  first  time  there  was  a  slight  amount  of  albumin.  There  was  some 
edema  of  the  legs. 

The  cardiac  dulness  began  to  spread,  from  the  fifth  to  the  eighth  of  November,  to 
the  extent  of  4  cm.  in  each  direction,  while  the  apex-beat  moved  2  cm.  outward,  the 
pulse  became  smaller,  and  there  was  a  continuous  marked  dyspnea.  The  amount 
of  urine  secreted  during  the  last  day  was  200  c.c.  In  the  morning  of  the  fatal  day 
there  was  great  excitability;  the  patient  jumped  out  of  bed,  ran  about  the  room,  and 
was  subdued  with  difficiuty.  Coma  followed,  and  death  came  easily.  The  tem- 
perature on  the  sixth  was  38.4°  C.  (101.1°  F.)  and  on  the  ninth  38°  C.  (100.4°  F.), 
— that  is,  slightly  elevated, — but  on  other  days  it  had  been  slightly  subnormal. 

A txiopsy  (Pathologic  Institute;  Privatdocent  Dr.  Henke;  abstract). — "The  cada- 
ver of  a  strong  man,  well  nourished,  with  well-developed  muscles.     Edema  of  both 
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lower  extremities,  especially  in  the  region  of  the  ankles.  The  pericardium  lay  ex- 
posed to  the  extent  of  an  outspread  hand.  When  I  attempted  to  open  it,  a  loose  but 
extensive  adhesion  between  both  pericardial  layers  was  revealed.  The  heart  was  en- 
larged to  the  extent  of  two  and  one-half  times  its  normal  size.  Two  fingers  could  be 
pa^ed  through  the  mitral  valve,  and  three  fingers  easily  through  the  tricuspid.  The 
right  ventricle  was  strondy  hypertrophied,  the  walls  averaging  5  mm.  in  diameter  and 
the  trabeculse  being  thickened.  The  left  ventricle  was  markedly  dilated  and  hyper- 
trophied (12  mm.).  The  aortic  valves  did  not  close  when  water  was  poured  into  the 
aorta.  They  were  shortened,  their  borders  were  markedly  thickened  and  rounded, 
while  at  several  points  there  were  delicate  fresh  warty  formations.  There  were 
also  thickenings  at  the  line  of  closure  of  the  mitral,  in  some  places  chalky  deposits, 
and,  here  and  there,  very  delicate  warty  formations. 

*  *  The  lungs  and  the  brain  were  edematous.  The  kidneys  were  normal ,  except  that 
there  was  a  fresh  hemorrhage  about  the  size  of  a  dollar  on  the  left  side  between  the 
capsule  and  cortex.  The  mucous  membrane  of  the  stomach  and  of  the  small  in- 
testine was  congested,  covered  with  tenacious  mucus,  and  showed  numerous  hemor- 
rhages. The  liver  was  of  the  cyanotic  'nutmeg'  type.  The  spleen  showed  no 
changes  and  was  not  enlarged." 

My  colleague,  von  Baumgarten,  gave  me  the  following  data  concerning  a  more 
detailed  study  of  the  heart  in  this  case:  "There  were  no  fresh  lesions  anywhere. 
The  small  excrescences  on  the  endocardium  consisted  of  connective  tissue  at  their 
base,  while  the  superficial  fibrinous  layers  were  perfectly  free  from  cocci  or  other  bac- 
teria. The  myocardium,  when  examined  in  tne  fresh  state,  showed  only  a  slight 
fatty  degeneration  of  the  muscle-fibers.  No  foci  of  myocarditis  could  be  discovered 
with  the  naked  eye  at  any  point.  On  the  other  hand,  small  patches  of  new  con- 
nective tissue  were  found  on  microscopic  examination  at  various  points  in  the  left 
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ventricle,  patches  in  which  the  muscular  fibers  had  been  completely  destroyed — in 
other  woros,  foci  of  so-called  fibrous  myocarditis.  But  in  none  of  these  was  cellular 
infiltration  noted,  and  in  none  were  there  any  cocci  or  other  bacteria  to  be  found. 
It  is  very  possible  that  these  fibrous  foci  were  residues  of  previous  acute  (infectious) 
myocaraitis,  but  we  have  no  proof  of  this  in  the  histologic  picture,  which  may  be  ex- 
actly identical  in  a  chronic  myocarditis  due  to  arteriosclerosis.'' 

In  this  case  I  had  the  patient  under  observation  for  over  twenty-one 
years,  and  his  first  attack  was  of  even  earlier  occurrence.  In  spit«  of 
his  severe  valvular  lesions,  this  nian  had  been  able  to  pursue  his  trade, 
which  certainly  was  not  an  easy  one.  He  had  lived  through  many  good 
years,  but  afterward  there  came  a  second  and  a  third  serious  relapse. 
He,  fortunately,  recovered  from  both,  and  there  followed  a  period  of  rest 
for  two  and  a  half  years,  during  which  his  capacity  for  work  was 
diminished  somewhat,  but  still  remained  fairly  good. 

During  the  last  months  of  his  life  a  much  more  distinct  failure  of  the 
heart's  action  came  on — whether  with  or  without  a  renewal  of  the  infec- 
tion we  cannot  say.  Finally,  death  occurred  with  symptoms  of  subacute 
heart  failure.  The  sphygmogram  (Fig.  27)  shows  diagrammatically  the 
condition  of  the  heart  on  the  day  before  death. 

It  is  noteworthy  that  the  clinical  picture  which  during  the  first  two 
attacks  resembled  that  characterizing  acute  rheumatism  accompanied 
by  endocarditis  deviated  considerably  from  this  type,  beginning  with 
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the  onset  of  severe  relapse  (1894-1895).    From  that  time  on,  salicylic 
acid  proved  of  no  avail. 

We  shall  find  abundant  opportunity  to  discuss  the  variable  nature 
of  the  clinical  picture  in  this  case  in  speaking  of  the  individual  symptoms. 
Let  us,  therefore,  turn  to  the  consideration  of  these. 


INDIVIDUAL  SYHPTOHS. 

FEVER* 

The  temperature  is  so  variable  in  endocarditis  that,  in  order  to  include 
every  possibility,  one  must  say  that  there  is  no  type  of  fever  which  may 
not  occur  in  this  disease.  A  somewhat  better  imderstanding  on  this 
question  may  be  gained  by  turning  from  the  variable  form  of  temperature- 
curves  to  the  conditions  under  which  they  occur.  It  is  true,  however, 
that  such  a  conception  must  be  superficial;  the  essential  nature  of  the 
phenomena  remains  unknown. 

An  essential  factor  in  the  study  of  fevers  is  a  recognition  of  the  con- 
stancy of  the  normal  body-heat  of  a  healthy  man.*  This  normal  tem- 
perature in  the  average  person  shows  but  slight  variations  from  37.2®  C 
(98.6®  F.)  in  the  twenty-four  hours,  taken  by  the  rectum.  As  a  rule,  the 
temperature  rises  from  morning  to  evening,  and  sinks  from  evening  to 
morning,  and  usually  temperatures  exceeding  38°  C.  (100.4®  F.)  do  not  oc- 
cur in  healthy  persons,  provided  they  do  not  do  excessive  muscular  work. 
But  while  this  is  the  fundamental  law,  there  are  exceptions,  in  which  both 
the  distribution  of  the  temperature  over  the  various  parts  of  the  day,  as 
well  as  the  absolute  values  of  the  individual  measurements,  are  altered 
for  a  short  time.  [Herbert  French  points  out  the  important  fact  that 
in  subjects  of  old  valvular  disease  the  temperature  is  often  low.  If  with 
such  a  case  infectious  endocarditis  is  associated,  a  rise  of  several  degrees 
will  produce,  seemingly,  only  a  normal  temperature  or  very  slight  fever. — 
Ed.] 

The  next  thing  to  be  considered  is  the  action  of  disease-producing 
causes  upon  this  normal  temperature.  In  general,  it  may  be  said  that 
these  causes  produce  a  rise  of  temperature,  the  extent  of  which  depends, 
in  the  first  place,  upon  the  character  and  severity  of  the  pathogenic  factor. 
The  greatest  variability  may  be  noted  in  this  respect,  seeing  that  living 
organisms  are  the  causes  of  infections. 

The  proof  of  the  connection  between  the  variations  of  temperature 
and  the  cause  of  a  disease  is  distinctly  furnished  in  the  case  of  the  Plas- 
modia of  malaria,  the  appearance  and  disappearance  of  which  produce 
rises  and  falls  of  temperature  in  the  affected  subject.  The  examination 
of  the  curve  of  a  simple  tertian  fever  teaches  that  low  subnormal  tem- 
peratures appear  for  a  time  after  the  termination  of  an  attack — mani- 
festations of  the  tendency  to  reestablish  the  normal  daily  average. 

It  is  probable  that  the  same  condition  obtains  in  septic  infections. 

*  Mv  investigations  at  Kiel  showed  to  what  degree  this  obtains.  These  researches 
were  published  in  the  monograph,  "  Die  K6rperwarme  des  gesunden  Menschen," 
Leipzig,  F.  C.  W.  Vogel,  1873.  The  observations  made  in  healthy  soldiers  in  Lud- 
wigsburg  by  Dr.  Heinrich  Jaeger  ("Ueber  die  Kdrperwftrme  des  gesunden  Menschen," 
"Deutsches  Archiv  fttr  klinische  Medicin,"  Bd.  xxix  (1881),  S.  516)  agree  with  this  in 
all  respects.  The  fundamental  rules  are  also  adhered  to  in  children  from  one  to  three 
years  of  age.  Cf.  P.  StefFens, "  Beitrage  zur  Pathologie  der  Masem''  (aus  der  TUbinger 
Poliklinik,  *'  Deutsches  Archiv  far  klinische  Medicin,^'  Bd.  Ixii  (1899),  S.  330). 
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The  invasion  of  the  bacteria  of  sepsis  is  followed  by  an  increase  in  body 
temperature,  sometimes  to  such  an  extent  that  the  temperature  runs 
a  course  similar  to  that  noted  in  intermittent  fever  or  with  the  continuous 
high  fever  which  obtains  in  the  severe  forms  of  malaria.  But  there  may 
also  be  only  slight  and  transient  fever,  just  as  is  seen  in  chronic  insidious 
cases  of  malaria,  and  sometimes  these  rises  of  temperature  may  only  be 
recognized  by  the  most  careful  examinations. 

The  duration  of  life  of  pus-cocci  which  have  entered  the  body  is  not  a 
definite  one,  nor  is  their  power  of  reproduction  and  the  increase  or  decrease 
of  their  virulence  regulated  in  any  manner  known  to  us.  If  we  add, 
that  the  resistance  of  the  patient  is  variable  to  begin  with  and  is  diminished 
to  a  very  variable  extent  by  infection,  we  may  easily  understand  why 
the  course  of  fever  in  these  cases  is  so  extremely  variable. 

I  have  gained  very  important  indications  for  the  treatment  of  locali- 
zations of  septic  processes  in  the  heart  by  the  careful  study  of  the  tem- 
perature, and  these  criteria  may  be  gained  especially  from  slight  rises 
of  body-heat.  Therefore  a  detailed  consideration  of  this  subject  is  neces- 
sary, not  only  from  the  viewpoint  of  clinical  investigation,  but  also  from 
the  aspect  of  practical  medicine. 

There  are  cases  of  endocarditis  which  are  due  to  sepsis  in  which  the 
development  of  valvular  disease  is  not  accompanied  by  rises  of  tempera- 
ture at  any  time.  Here  I  must  admit  that  this  is  true  only  so  far  as  may 
be  determined  by  measurements  in  the  rectum  three  times  daily — in  the 
morning,  at  noon,  and  in  the  evening.  These  measurements  are  sufficient 
in  the  great  majority  of  cases.  [But  they  do  not  indicate  the  actual  course 
of  the  temperature.  In  obscure  cases  the  temperature  should  be  taken 
every  two  hours  and  a  graphic  chart  should  be  made. — ^Ed.]  It  is  very 
improbable  that  even  occasional  transient  rises  of  temperature,  say  to 
39°  C.  (102.2°  F.),  may  occur  at  other  hours  of  the  day,  and  this  is  espe- 
cially improbable  when  nothing  in  the  curve  indicates  such  rises  for  many 
lonths.  The  patients  remained  in  bed  during  the  entire  period  of  obser- 
ation,  which  at  times  lasted  for  months.    The  following  is  a  short  sum- 

y  of  a  case  of  this  kind: 

Case  IV. — ^The  patient  was  a  boy  aged  fourteen  years,  who  was  admitted  on 
October  7, 1S98,  and  discharged  on  June  21, 1899.  The  previous  history  showed  the 
occurrence  of  measles  and  of  pleurisy  on  the  ri^ht  side.  During  the  latter  part  of 
August  he  had  been  complaininje;  at  times  of  palpitation  of  the  heart  and  of  a  stabbing 
pain  on  the  left  side,  after  bathing  in  the  Neckar.  In  the  early  part  of  October  these 
symptoms  grew  worse,  and  contmued  even  during  rest.  There  were,  in  addition, 
heaoache,  sleeplessness,  and  possibly  some  loss  of  flesh  and  strength. 

On  admission  there  was  moderate  chorea.  The  heart  was  not  enlarged,  but  its 
action  tumultuous,  irregular,  and  the  systolic  sound  over  the  aorta  was  muffled.  On 
the  left  side  the  bones  of  the  arm  and  of  the  leg  were  painful  to  pressure.  Four 
days  later  marked  symptoms  developed  on  the  part  of  the  nervous  system — catalepsy, 
peculiar  disturbances  of  the  reflexes,  etc.  I  shall  return  to  the  discussion  of  this 
group  of  symptoms  further  on. 

During  the  first  week  the  signs  of  heart  failure  developed:  Venous  pulse,  cyanosis, 
cold  limbs,  nose,  and  ears,  in  the  well-heated  room.  Then,  during  the  second  week, 
there  were  circumscribed  hemorrhages  into  the  skin  and  sensitiveness  on  pressure  over 
a  greater  number  of  bones.  The  pulse  became  still  more  irregular  and  numbered,  on 
one  day,  for  example,  90, 76,  and  60  beats  respectively,  in  three  consecutive  minutes, 
although  the  patient  was  perfectly  at  rest  and  had  not  moved  for  some  time  before. 
The  respiration  became  irregular,  and  a  slight  increase  in  the  cardiac  dulness  slowly 
developed. 

On  December  20th  the  dulness  was  found  to  have  spread  upward  to  the  extent  of 
one  intercostal  space,  and  to  the  right  to  the  extent  of  2  cm.,  while  the  apex-beat 
had  moved  over  the  same  distance  outward.    The  systolic  bruit  over  the  aorta  was 
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always  present — at  times  more  distinct,  at  times  less  marked.  There  was  never  any 
albumin  in  the  urine,  and  the  amount  of  the  latter,  observed  for  six  weeks,  variea 
somewhat  on  different  days,  but  did  not  deviate  a  great  deal  from  one  lit^r.  The 
specific  gravity  varied  more  extensively,  as,  for  example,  within  fiwe  days  it  waa 
1018,  1024,  1013,  1021,  and  1029,  respectively.  The  amount  of  fluid  ingested  corre- 
sponded approximately  to  the  amount  of  urine  secreted. 

It  would  be  tiresome  to  continue  to  quote  further  data  from  a  long,  carefully  kept 
clinical  history.  In  the  course  of  time  all  the  symptoms  disappeared,  the  last  beine 
the  signs  of  cardiac  weakness.     The  patient  was  allowed  to  rise  on  June,  5, 1899,  ana 

was  discharged  on  June  21 ,  1899. 

The  examination  on  that  day  showed  the 
following  physical  signs: 

The  area  of  cardiac  dulness  extended  on  the 
right  side  somewhat  beyond  the  left  sternal 
border,  and  upward  up  to  the  third  rib.  The 
apex-beat  was  in  the  filth  intercostal  space,  one 
finger's  breadth  outside  the  nipple.  A  systolic 
murmur  was  heard  over  the  aorta,  and  trans- 
mitted into  the  carotid  and  the  subclavian. 

In  this  case  there  had  been,  therefore, 
a  septic  infection  which  had  produced 
but  slight  general,  but  considerable  local, 
effects,  and  which  had  involved  the  ner- 
vous system  in  addition  to  the  heart. 
The  temperature  was  taken  for  over 
thirty-two  weeks  and  it  was  found  that 
it  never  reached  38°  C.  (100.4°  F.).  The 
maximum  was  37.7°  C.  (99.8°  F.).  Fig. 
28  shows  the  behavior  of  the  temperature 
from  November  1st  to  November  16th. 
The  chart  also  shows  the  behavior  of  the 
pulse,  which  was  counted  every  morning 
by  the  assistant  physician  before  the 
patient  had  been  moved.  The  great  va- 
riations which  occurred  independently  of 
the  fever  are  distinctly  shown  in  the 
pulse-curve  of  this  chart  (Fig.  28). 

But  another  peculiarity  of  this  case 
should  be  noted:  The  distribution  of  the 
temperature  in  the  course  of  the  day  dif- 
fered from  the  normal,  as  may  be  seen  by 
examining  the  curve,  but  was  still  more 
distinct  when  one  took  the  averages. 
These  daily  averages  for  the  period  from 
the  first  to  the  sixteenth  of  November 
were  as  follows:  Morning  temperature, 
37.36°;  noon  temperature,  37.54°;  and 
evening  temperature,  37.51°  C.  If  the 
individual  days  be  studied  more  in  detail, 
we  find  that  the  highest  figures  were  recorded  sometimes  in  the  morning 
and  sometimes  at  noon,  while  lower  temperatures,  even  subnormal  ones, 
were  usually  noted  in  the  evening  and,  at  most,  the  evening  figures 
equaled  those  recorded  at  noon.  This  peculiarity  gradually  disappeared. 
Thus,  we  find  the  following  averages  in  the  period  from  the  twenty- 
seventh  of  April  to  the  tenth  of  May  (twenty-sixth  and  twenty-seventh 
weeks):  Morning  temperatures,  37.09°;  noon  temperatures,  37.12°;  and 
evening  temperatures,  37.09°  C.     Only  toward  the  last — ^lay  25th  to 
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June  7th  (thirty-first  and  thirty-second  week) — the  usual  relations  were 
reestablished:    Mornings,  36.93°;  noons,  37.14°;  and  evenings,  37.21°  C. 

Such  disturbances  in  the  course  of  the  temperature  occur  so  frequently 
that  I  consider  them  of  great  importance.  A  sign  which  occurs  not 
infrequently  during  a  pericarditis  is  that  a  rise  of  temperature  may  appear 
without  any  externally  discoverable  cause,  after  the  temperature  had  not 
exceeded  the  normal  for  a  long  period  of  time.  In  mild  cases  these  rises 
of  temperature  appear  only  for  a  day  or  two,  and  extend  but  little  over 
38°  C.  (100.4°  F.). 

An  example  of  this  is  furnished  by  the  patient  whose  history  is  recorded 
under  case  III  (second  admission,  December  18  to  25,  1893).  At  that 
time  the  curve  had  not  shown  any  rises  of  temperature,  nor  any  signs  of 
other  localizations  for  the  nine  days  preceding.  Fig.  29  shows  the  mod- 
erate rise  and  the  slight  depression  of  temperature  which  followed. 

When  the  disease  is  more  severe,  the  intercurrent  rises  are  higher  and 
continue  for  a  longer  time.  The  same  patient  showed  this  repeatedly 
during  the  third  admission.  I  shall  take  the  days  from  December  24th 
to  January  14,  1895,  but  must  note  that  pains  in  the  arms  coincided  in 
time  with  the  rise 

in  temperature,  r  _  jMTia|*iw|MU|MjM[ftiN]wia[MiU|»U'^Mff  mImU  "m  lin^TMiMTA  ^ 
This  was,  how- 
ever, the  only 
symptom  which 
could  be  con- 
nected with  the 
fever.  Whether 
the  rise  in  tem- 
perature in  this 
instance  was  in- 
duced through 
the  invasion  of 
cocci    directly 

from  the  heart  or  through  a  reawakening  of  the  local  process  cannot  be 
stated  with  certainty. 

When  septic  infection  in  general  is  complicated  by  endocarditis,  I 
think  it  is  proper  to  lay  stress  upon  such  occurrences.  The  cocci  are  not 
necessarily  limited  in  their  activity  to  the  heart  or  to  the  endocardium 
alone,  and  the  variations  should  not  be  charged  to  the  endocarditis,  but 
to  the  sepsis,  and  only  prove  that  the  infection  has  not  ceased  to  exist. 

The  clinical  notes  from  January  sixth  show  a  less  tumultuous  heart's 
action,  and  tliis  may  be  interpreted  by  assuming  that  a  large  number  of 
bacteria  were  driven  from  the  heart  into  the  bones,  with  the  result  that 
the  heart's  action  was  rendered  easier.  At  all  events  we  cannot  conclude 
from  this  occurrence  that  such  signs  developing  in  the  course  of  endocardi- 
tis have  nothing  to  do  with  the  heart  disease  itself. 

Fig.  30  shows,  even  in  its  first  portion,  before  the  fever  had  occurred, 
that  there  was  a  certain  unsteadiness  in  the  temperature,  which  fluc- 
tuated up  and  down  with  an  irregular  distribution  over  the  different  parts 
of  the  day.  This  continued  also  during  the  second  portion  of  this  period, 
and  with  the  rise  of  temperature  came  the  reaction,  which  lasted  during 
the  following  days.  The  daily  averages  behaved  at  this  time  in  the  way 
which  I  have  just  described,  and  the  same  was  true  for  the  days  during 
which  there  was  fever,  as  well  as  for  the  preceding  days.  If  we  divide 
this  period,  consisting  of  twenty-two  days,  into  two  equal  portions  of 
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NooN-s. 

EVBKINGS. 

37.45^ 

37.24'=» 

37.86° 

37.80'^ 

37.66'^ 

37.52° 

eleven  days  each,  corresponding  to  a  certain  extent  to  the  course  of  the 
temperature-curve,  the  averages  will  be  as  follows: 

MoR^aNos. 

I.  From  December  24, 1894,  to  January  3, 1895 37.46° 

II.  From  January  4  to  January  14, 1895 38.04° 

Averages 37.75® 

This  capriciousness  in  the 
course  of  the  temperature  is  really 
the  only  rule  which  can  be  laid 
down,  and  occurs  even  in  the 
severe  cases  of  endocarditis.  An 
example  of  this  is  the  following 
case,  which  is  clean-cut  in  the 
sense  that  no  metastases  were 
found  in  any  other  organ  at 
autopsy  in  addition  to  the  severe 
lesions  found  in  the  heart,  al- 
though the  course  of  the  disease 
had  shown  distinct  symptoms  in 
both  bones  and  joints. 

Case  V. — A  girl,  ten  years  of  age, 
admitted  August  21,  1896.  Died  on 
November  14th  of  the  same  year. 
There  was  no  previous  history  of  any 
importance.  Ten  or  twelve  days  be- 
fore she  began  to  complain  of  headache 
and  sore  throat.  A  few  hours  after- 
ward a  general  eruption  appeared, 
together  with  pain  in  both  ankles  ana 
high  fever,  ana  toward  evening  slight 
cerebral  symptoms.  There  was  at  first 
an  improvement,  so  that  the  parents 
thought  that  she  would  recover.  Three 
days  before  admission,  however,  she 
grew  worse  again,  with  high  fever; 
pain  in  the  ankles  and  in  the  right 
Knee;  a  general  eruption,  as  before; 
great  weScness  and  prostration.  In 
the  course  of  a  few  hours  her  condition 
seemed  to  have  become  so  serious  that 
a  physician  was  called. 

On  admission,  erythema  multi- 
forme was  found  upon  the  chest,  the 
back,  and  both  thighs.  The  wrists 
and  ankles  on  both  sides  and  the  right 
knee-joint  were  red  and  swollen.  Ac- 
tive movements  were  impossible,  and 
passive  movements  caused  great  pain. 
The  mucous  membrane  of  the  pharynx 
was  congested,  the  lungs  extended  - 
downward  behind  to  the  tenth  verte- 
bra. The  right  lung  in  front  reached 
the  level  of  the  sixth  rib.  The  cardiac 
dulness  extended  on  the  left  side  from 
the  third  rib;  on  the  right  side,  to 
the  left  margin  of  the  sternum.  The 
apex-beat  was  in  the  fifth  intercostal 
space  and  the  heart-sounds  were  faint 
Fio.  30.  but  clear. 
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After  a  short  time,  however,  the  heart  was  found  to  be  more  severely  involved. 
On  August  22d  the  heart-sounds  were  muffled,  while  on  the  twenty-third  the  heart 
became  slightly  irregular.  On  the  twenty-eighth  severe  palpitation  developed.  On 
September  15tn,  the  area  of  dulness  spread  to  the  right  sternal  border.  On  Novem- 
ber 16th  the  systolic  sound  at  the  apex  was  no  longer  quite  pure.  On  September  19th 
a  distinct  systolic  murmur  was  heard  for  the  first  time  at  the  apex,  and  did  not 
disappear  to  the  end.  The  apex-beat  became  more  diffuse  and  moved  1  cm.  out- 
ward from  its  original  position.  The  cardiac  dulness  extended  to  the  right  some- 
what beyond  the  right  sternal  border.  The  diastolic  sound  over  the  pulmonary  area 
was  accentuated  (October  5th). 

PersoTuil  Exammaticny  Nofoember  2d  and  3d, — ^There  was  some  prominence  of  the 
cardiac  area;  the  apex-b^t  was  very  diffuse,  and  the  heart-beat  was  visible  on  the 
left  side  to  the  anterior  axillary  line.  At  that  point  a  distinct  systolic  thrill  could 
be  felt.  The  upper  limit  of  the  cardiac  dulness  was  at  the  upper  border  of  the  third 
rib.  On  the  right  side  it  extended  from  two  to  three  centimeters  beyond  the  right 
sternal  border.    The  cardiac  area  measured  10  cm.  vertically  and  15  cm.  horizontally. 

On  auscultation,  a  loud  systolic  murmur  was  heard  at  the  apex  of  the  heart,  trans- 
mitted up  to  the  pulmonary  area.  The  diastolic  sound  over  the  pulmonary  area  was 
remarkably  loud.  Over  the  aorta  the  systolic  tone  was  indistinct,  but  the  diastolic 
seemed  to  be  pure.    The  same  conditions  were  observed  over  the  heart  to  the  end. 

The  affections  of  the  joints  caused  the  greatest  trouble  to  the  little  patient.  As 
early  as  August  26th  there  was,  in  addition,  sensitiveness  to  pressure  over  the  long 
bones.  These  pains,  to  which  were  added  muscular  aches,  were  so  severe  that  the 
patient  could  not  change  her  position  when  it  was  necessary  to  take  the  tempera- 
ture by  rectum.  The  temperatures  in  the  rectum  were  used  only  occasionally  be- 
ginning with  September  25th,  and  beginning  with  October  5th  to  the  twenty-fifth 
of  that  month  only  axillary  temperatures  were  taken. 

Swellings  of  the  joints  no  longer  occurred  after  the  end  of  October,  and  the  sensi- 
tiveness on  pressure  over  the  bones  disappeared.  In  its  stead  there  appeared  a  widely 
distributed  nyperesthesia  of  the  skin,  wnich  was  sometimes  painful  at  the  slightest 
touch. 

Symptoms  of  consolidation  were  noted  at  the  same  time  in  the  lower  lobe  of  the 
right  lung,  with  an  increase  of  the  respiration  to  54  per  minute,  but  without  any 
appreciame  influence  upon  the  temperature.  There  was  no  expectoration  in  spite  of 
the  marked  cough.  In  the  course  of  the  next  few  weeks  various  foci  developed  at 
different  portions  of  both  lungs  and  the  respiration  remained  very  frequent.  The 
urine  showed  no  greater  quantity  of  albumin  than  is  seen  in  ordinary  cardiac  weak- 
ness. Emaciation  was  noticed  at  the  very  beginning  of  the  disease,  and  increased 
constantly.  The  extremely  exhausted  child  oied.  finally,  under  the  manifestation 
of  cardiac  failure.    The  dyspnea  became  very  marked  toward  the  end. 

The  following  are  the  essential  features  of  the  report  on  the  autopsy,  made  by 
Prof,  von  Baumgarten: 

The  diaphragm  on  the  right  side  was  at  the  level  of  the  fourth,  on  the  left  side  at 
the  level  of  the  sixth,  intercostal  space.  "The  heart  could  not  be  covered  by  the 
wholly  outspread  hand.  The  pericardium  was  completely  adherent  everywhere. 
The  apex  extended  to  the  upper  border  of  the  seventh  rib.  On  the  left  side,  the  peri- 
cardium was  adherent  to  the  lung,  and  extended  to  the  axillary  line;  on  the  right  side 
almost  to  the  nipple  line.  When  I  tried  to  open  the  pericardial  sac  I  found  both 
layers  intimately  adherent,  but  not  so  closely  that  they  could  not  be  separated. 
This  adhesion  extended  over  the  entire  pericardium,  less  markedly  behind  than  in 
front." 

On  removal,  the  heart  was  found  to  be  twice  as  large  as  the  fist  of  the  cadaver, 
and  was  about  the  size  of  an  adult  heart.  Its  apex  was  rounded.  Its  longitudinal 
groove  was  also  rounded,  and  the  apex  was  essentially  formed  from  the  left  ventricle. 

The  pericardium  showed  an  irregular,  ragged  membrane  corresponding  to  the 
adhesions,  with  a  dull,  glistening  surface  and  in  some  places  a  velvety  look.  There 
were  no  tubercles. 

Both  sides  of  the  heart  were  enlarged,  the  right  somewhat  more  than  the  left. 
The  right  side  was  dilated,  with  trabecule  and  papillary  muscles  markedly  hyper- 
trophic. The  tricuspid  and  the  pulmonary  valves  were  normal.  The  left  auricle  was 
dilated  and  the  pectinate  muscles  were  considerably  hypertrophied.  The  left  ven- 
tricle was  markedly  dilated  and  its  walls  greatly  hypertrophied.  Fine  warty 
formations  connected  with  each  other  in  the  form  of  a  grayish-rearing  were  seen  upon 
the  line  of  closure  of  the  aortic  valves.  These  vegetations  were  so  small  that  tney 
could  be  found  only  on  careful  examination.  A  similar  ring  of  excrescences  which, 
however,  were  larger,  was  found  at  the  line  of  closure  of  the  mitral  valves.  The 
14 
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valvular  tissue  was  slightly  thickened  at  the  site  of  these  lesions.  The  tendinous 
cords  were  very  thin  and  tender.  The  myocardium  was  of  a  good  color  and  did  not 
exhibit  anything  abnormal. 

The  lungs  showed  in  several  places  foci  of  lobular  pneumonia,  which  on  section 
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had  a  eranular  appearance.  The  brain  was  edematous.  The  liver  and  the  kidnevs 
showed  venous  congestion.  The  cortex  of  the  kidney  showed  cloudy  swelling.  The 
spleen  was  normal. 
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Unfortunately,  no  notes  were  taken  concerning  the  microscopic  and  bacteriologic 
examinations. 

The  case  was  observed  during  a  period  of  eighty-five  days.  In  the 
beginning,  the  observation  was  not  as  satisfactory  as  might  be  wished, 
as  it  was  during  the  long  vacation,  when  I  was  absent.  Under  other 
circumstances  it  is  scarcely  possible  that  the  pericarditis  could  have  been 
overlooked.  The  temperature  was  taken  regularly  by  the  nurses.  It 
shows  the  point  that  I  wish  to  demonstrate,  namely,  the  irregularity  of 
the  temperature-curve.  The  part  of  the  chart  which  is  reproduced  here- 
with covers  the  period  from  the  beginning  of  the  observation  to  September 
24th — ^the  first  five  weeks.  The  morning  records  of  the  pulse  which  were 
taken  for  a  short  time  show  how  absolutely  independent  the  pulse  was 
from  the  temperature. 


^cpmoTSSIDoiSOOQoa^Q^EllOSD^m^n^aDg^iS^Sl^B 


Fta.  32. 

The  fever  in  this  case  remained  at  the  same  moderate  height  until 
two  days  before  death  (it  was  below  38°  C.  (100.4°  F.)  then).  Neither 
chills  nor  marked  rises  were  noted. 

Fig.  25  shows  a  picture  of  what  occurs  when  the  disease  develops 
acutely.  It  may  also  happen,  however,  that  an  insidious  course  may  take 
a  sudden  turn  in  another  direction.  This  fact  is  always  announced  by 
the  temperature.    An  example  of  this  kind  is  as  follows: 

Case  VI. — A  woman,  aged  forty-one  years,  was  admitted  to  the  polyclinic  at 
Kiel  on  December  31,  1871,  and  died  on  February  10,  1872.  Six  years  previously 
she  had  had  pains  in  various  joints,  but  these  were  not  very  much  swoUen.  She 
said  that  she  nad  not  had  any  fever  with  these  symptoms.  The  duration  of  that 
attack  was  seven  weeks,  of  which  three  were  spent  m  bed.  At  the  end  of  November, 
1891,  she  had  a  similar  attack. 

On  admission  she  showed  the  typical  symptoms  of  a  sciatica  on  the  left  side,  but 
these  signs  soon  lost  their  characteristic  features.     There  followed  pains  in  the  ankle 
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and  wrist  on  the  right  side  and  in  the  elbows  and  shoulders  on  both  sides,  with  a  slight 
febrile  movement,  but  without  swelling  of  the  affected  joints.  There  came  next 
vague  pains  in  the  head,  the  chest,  the  back,  etc.  Later,  in  the  first  week  of  January, 
there  was  a  widely  diffused  catarrh  of  the  finer  bronchi,  which  remained  for  a  con- 
siderable time,  especially  in  the  apices. 

Both  on  admission  and  at  a  subsequent  careful  examination  on  December  31st 
no  signs  of  any  affection  were  found  over  the  heart.  It  was  only  on  January  26, 1872, 
that  a  slight  blowing  systolic  murmur  was  heard  over  the  aorta,  together  with  a  car- 
diac dulness  which  was  found  to  extend  beyond  the  normal  toward  the  left.  On  the 
thirty-first,  dilatation  of  the  left  ventricle  was  noted.    The  dulness  extended  from 

the  upper  border  of  the  fourth 
rib,  2.5  cm.  outside  the  nip- 
ple, down  to  the  apex-beat, 
which  was  indistinct  and  dis- 
placed downward.  There  was 
no  extension  of  dulness  to  the 
right.  All  the  sounds  were 
faint,  and  those  of  the  pul- 
monary and  over  the  right 
ventricle  were  muffled,  but 
pure.  At  the  apex,  how- 
ever, there  was  a  murmur 
superimposed  on  the  systolic 
sound,  while  the  diastolic 
sound  was  pure.  At  the 
aorta  there  was  a  scraping 
systolic  bruit,  but  no  systolic 
sound.  The  diastolic  sound 
was  muffled,  but  not  a  mur- 
mur. These  phenomena  were 
heard  also  over  the  arch  of 
the  aorta  and  over  the  caro- 
tid and  subclavian.  A  dis- 
tinct diastolic  murmur  over 
the  aorta  which  was  transmit- 
ted to  the  other  great  vessels 
was  heard  a  few  days  before 
death  (February  7th),  but 
the  sound  was  also  present. 
The  pulse  showed  aortic  in- 
sufficiency much  earlier  than 
the  symptoms  over  the  heart. 
It  was  a  marked  ^'pulsus 
celer." 

The  fever  was  slight 
during  the  first  month 
of  the  disease,  but  this 
changed  with  the  begin- 
ning of  January.  There 
were  at  first  rises  which, 
to  a  certain  extent,  re- 
sembled the  tjrpe  of  sub- 
continuous  fever,  but 
subsequently  they  were  accompanied  daily  by  one  or  two  attacks  of  chills 
and  reached  40°  C.  (104°  F.).  About  the  middle  of  the  month  the  tem- 
perature elevations  reached  41°  C.  (105.8°  F.)  and  over,  and  there  were 
more  frequent  chills.  There  was  not  one  day  like  the  other,  and  some- 
times the  elevation  reached  only  39°  C.  (102.2°  F.)  and  even  less. 

Frequent  almost  hourly  measurements  were  undertaken  during  the  last 
four  days  of  life,  as  is  shown  by  the  chart  (Figs.  33  and  34).  It  seems  that 
the  behavior  of  the  temperature  during  each  succeeding  attack  exhibits  a 
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characteristic  difference  between  this  case  and  those  of  malaria.  The 
observations  of  Sidney  Ringer,*  which  have  been  marked  on  the  chart 
(Fig.  33,  first  day),  exhibit  the  temperature  in  quotidian  intermittent 
fever,  and  show  this  difference  distinctly.  But  other  differences  were 
noted  in  other  directions.  Thus  the  relation  of  the  chills  to  the  rise  of 
temperature  was  noteworthy.  In  this  case  several  hours  passed  during 
which  there  were  more  or  less  marked  chills,  before  the  temperature  began 
to  rise.  It  happened  even  that  the  thermometer  remained  at  37°  C. 
(98.6°  F.)  for  almost  four 
hours,  although  there  was 
a  very  severe  chill.  At 
other  times  the  chill  began 
to  appear  only  when  the 
temperature  had  reached 
39.4°  C.  (102.9°  F.)  or 
thereabouts. 

We  know  that  in 
malaria  the  temperature 
rises  even  before  the  chill 
itself  begins  and,  at  any 
rate,  inmiediately  after 
the  chill;  that  the  tem- 
perature at  once  reaches 
its  highest  point  when 
the  chill  is  ended,  and 
that  it  rapidly  sinks 
again  from  that  time  on. 
There  is,  therefore,  a 
marked  difference  be- 
tween the  chill  and  the 
temperature  as  observed 
in  malaria,  on  the  one 
hand,  and  as  seen  in 
this  case,  on  the  other. 
Whether  this  difference 
holds  true  in  tropical  fe- 
vers is  another  question. 
Another  point  worthy  of 
note  is  that  quinin  had 
but  little  influence  upon 
the  temperature-curve 
and  that  it  never  suc- 
ceeded in  aborting  an 
attack. 

Death  occurred  under  the  manifestations  of  heart  failure.    The  au- 
topsy showed  the  following  conditions: 

"The  heart,  which  was  sent  to  me,  showed  a  moderate  dilatation  of  the  left 
ventricle  without  anv  demonstrable  hypertrophy.     The  heart  muscle  was  of  a  pale, 

g'ayish-violet  color,  but  on  microscopic  examination  did  not  show  any  fatty  changes, 
f  the  valves,  those  on  the  right  side  and  the  bicuspid  were  delicate  and  completely 
intact.     On  the  other  hand,  the  aortic  valves  showedTremarkable  lesions. 

"  These  were  found  only  upon  the  right  valve,  while  the  other  two  were  completely 

♦  "Medico-Chirurgical  Transactions,"  vol.  xlii.  1859. 
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intact.  The  right  ciisp,  however,  was  totally  transformed  into  a  soft,  reddish  tumor 
of  irre^^ular  thickness,  measuring  at  some  places  8  mm.,  at  others  only  from  2  to  4 
nmi.,  in  thickness.  No  thrombi  adhered  to  its  soft  ana  sticky  surface.  This  mass 
was  as  if  it  were  corroded  near  the  attached  border  on  both  sides,  and  in  the  middle 
of  each  of  these  corroded  surfaces  there  was  an  aperttire  through  which  a  fairly 
thick  probe  could  be  easily  introduced  from  the  sinus  of  the  valve  mto  the  ventricle; 
the  ascending  aorta  was  perfectly  normal''  (Cohnheim). 

I  was  obliged  to  perform  the  autopsy  myself  under  difficult  conditions.  The 
spleen  was  enlarged,  15.7  cm.  long,  10.1  cm.  wide  and  4.6  cm.  in  thickness.  The  liver 
was  swollen,  the  lungs  edematous,  hypostatically  congested;  but  there  were  no  em- 
boli which  could  be  seen  with  the  naked  eye.  The  brain,  unfortunately,  could  not 
be  examined,  but  the  patient  had  remained  free  from  signs  of  cerebral  affections 
until  the  end.  We,  therefore,  were  dealing  with  a  case  of  endocarditis  in  which  the 
course  was  uncomplicated  by  any  unusual  conditions. 

In  connection  with  the  subject  of  fever,  I  may  mention,  finally,  that 
subnormal  temperatures  (36®  C.  (96.8®  F.)  and  below)  may  be  observed 
for  a  longer  or  shorter  time  during  the  course  of  the  disease. 

After  all  that  has  been  said  here,  it  must  be  admitted  that  there  is  no 
advantage  iiKrying  to  establish  types  for  the  fever  of  an  endocarditis. 
I  may  add  only  one  more  fact:  the  fluctuations  in  temperature  may 
extend  anywhere  from  34®  C.  (93.2®  F.)  to  almost  43®  C.  (109.4®  F.). 

[Much  time  is  lost  in  the  pseudomalarial  cases  of  endocarditis,  which 
seem  more  frequent  than  the  foregoing  account  would  indicate.  The 
alleged  differences  in  the  details  of  the  paroxysms  are  not  present  when 
most  needed.  Any  type  of  malaria  may  be  simulated.  The  much- 
abused  therapeutic  test  often  intensifies  the  error.  Those  who  have  not 
an  exact  knowledge  of  malaria,  and  who  give  quinin  in  such  cases,  often 
look  upon  accidental  or  temporary  falls  of  temperature  as  evidences  of 

I  malaria.    Before  quinin  is  used  search  should  be  made  for  malarial 

I  parasites,  and  the  drug  not  given  at  all  unless  they  are  actually  present. 

I  In  doubt  the  case  should  be  treated  as  one  of  sepsis  or  typhoid  fever 

Urather  than  malaria.* — Ed.] 

HEART. 

The  only  general  rule  which  may  be  established  as  regards  the  heart 
in  this  disease  is  as  follows :(  A  disturbance  in  the  heart's  action  is  never 
absent,  and  it  always  occurs  in  the  form  of  a  diminished  functional  elE- 
ciency.J 

At  the  beginning  of  the  disease  there  is  a  peculiar  change  during  sys- 
tole which  is  dilEcult  to  describe.  The  only  appropriate  expression  for  it 
is  ''cardiac  uneasiness."  If  the  lungs  are  not  in  the  way,  the  more  ex- 
tensively exposed  heart  does  not  show  the  uniform  regular  beat  observed 
in  normal  persons.  Its  action  gives  the  impression  of  a  certain  irregu- 
larity, and  it  seems  as  though  one  group  of  muscle-fibers  contracts  more 
vigorously  than  the  neighboring  group,  as  though  this  group  contracts 
a  little  more  rapidly  than  the  rest  of  the  heart.  With  this,  there  seems 
to  be  a  somewhat  more  marked  concussion  of  the  thoracic  wall,  but 
when  the  hand  is  placed  upon  the  chest,  we  find  that  this  is  not  so  in 

♦See  Dock,  "Endocarditis  and  Intermittent  Fever,"  "Boston  Medical  and 
Surgical  Journal "  1895,  vol.  cxxxiii,  p.  457;  ibid.y  "Double  Quotidian  Fever  with 
Endocarditis,"  "New  York  Medical  Journal,"  1897,  Januanr  30,  p.  143;  W.Coleman, 
"The  American  Journal  of  the  Medical  Sciences,"  1905,  March,  p.  381.  Regarding 
fever  in  endocarditis  in  general  see  French,  Herbert,  "The  Practitioner,"  1904,  voL 
Ixxiii,  p.  753;  and  Thacher,  "The  American  Journal  of  the  Medical  Sciences,"  1906, 
vol.  cxxxi,  p.  29. 
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reality.  And  yet,  somehow,  the  tactile  sense  gains  the  impression  that 
the  movement  of  the  contracting  heart  is  irregular.  The  systolic  sounds 
are  somewhat  less  sharp  and  rounded  and  are  mufBed,  but  we  cannot  say 
that  there  ai-e  murmurs  at  this  early  stage.  As  a  rule,  the  diastolic  val- 
vular sounds  are  altered  in  the  same  manner. 

[Teissier*  calls  attention  to  an  early  symptom  that  may  at  times  be  of 
assistance.  This  is  a  pulsation  in  the  second  left  intercostal  space  and  a 
double  apex-beat.  Teissier  explains  these  as  due  to  the  difficult  contrac- 
tion of  the  left  auricle,  which  causes  the  pulsation  and  the  first  apex- 
beat,  the  second  being  the  s3rstolic  impulse,  which  may  be  weaker  than 
the  first  one. — Ed.] 

The  sequence  of  thiB  cardiac  movements  is  very  often  no  longer  quite 
regular,  even  at  this  stage,  but  in  order  to  detect  this  we  must  count  the 
pulse  for  about  a  minute  or  even  longer.  In  making  this  observation 
we  will  also  find  that  the  vigor  of  the  ilidividual  beats  is  not  quite  uni- 
form. All  these  things  may  be  detected  also  by  auscultation,  as  well  as 
by  feeling  the  pulse  (compare  Fig.  26). 

Very  frequently  the  arteries  are  not  as  full  as  normally,  and  the  tension 
of  their  walls  is  lessened,  the  pulse  being  easily  compressed.  Along 
with  this  there  is  cyanosis,  thou^  this  is  but  slight  in  the  beginning. 

Subjective  symptoms,  such  as  palpitation,  stabbing  pains  in  the  car- 
diac region,  and  a  slight  feeling  of  anxiety,  may  be  present,  although  they 
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do  not  occur  necessarily.  All  these  phenomena  grow  worse  after  the 
slightest  exertion.  The  patient  need  only  sit  upright  in  order  to  make 
especially  evident  the  accumulation  of  blood  in  the  capillaries  of  the  depen- 
dent portions  of  the  body  which  are  furthest  removed  from  the  heart: 
The  hands  and  feet  grow  blue  and  cold,  and  a  slight  pressure  leaves  a 
white  mark  upon  the  skin  of  the  trunk.  The  nose  and  the  ears  change 
their  color  and  their  temperature  in  a  short  time. 

These  are  signs  of  heart  weakness.  They  increase  gradually  from  the 
phenomena  just  described.  The  irregularity  in  the  work  of  the  heart 
becomes  more  and  more  prominent,  and  there  may  be  a  true  interruption 
in  its  action,  or  an  alternation  of  vigorous  contractions  with  weaker 
pulsations.  The  pulse  shows  the  presence  of  cardiac  insufficiency  very 
clearly,  but  as  yet  only  for  a  short  time  and  transiently.  Fig.  35,  which 
shows  the  tracing  of  the  carotid  pulse  in  case  IV  at  the  end  of  the  third 
week  (November  16th),  may  serve  as  evidence. 

At  this  stage  the  serious  consequences  of  insufficient  heart  action, 
such  as  edemas,  are  still  absent  and  the  urinary  secretion  shows  as  yet  no 
diminution  in  quantity:  the  average  daily  elimination  in  case  IV  was 
1152  c.c.  during  the  period  from  October  30th  to  November  13th,  and 
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1181  c.c.  from  November  16th  to  December  6th.  There  were  no  marked 
differences  in  the  daily  amounts  during  these  two  periods.  This  is  be- 
cause the  cardiac  weakness  at  this  stage  is  only  transient.  It  may  even 
be  said  that  this  weakness  occurs  only  in  paroxysms.  The  following 
sphygmogram  (Fig.  36)  of  the  radial,  taken  three  days  later  (November 
19th),  demonstrates  this  fact. 

The  subjective  symptoms,  however,  increase,  and  in  addition  to  the 
disturbances  which  are  felt  over  the  heart  there  are  at  times  veritable 
attacks  of  cardiac  asthma. 

The  frequency  of  the  pulse  is  next  subjected  to  greater  variations, 
even  when  the  patient  is  at  rest.  No  relation  is  found  between  this  fre- 
quency and  the  temperature,  or  only  a  very  slight  correspondence  of  the 
two  phenomena.  On  the  other  hand,  muscular  movements  and  changes 
in  posture  are  of  great  importance  in  their  effect  upon  the  pulse-rate. 
The  following  will  serve  as  an  example. 

Case  VII. — A  boy  aged  fourteen  years.  Admitted  September  18, 1891.  A  year 
before  admission  he  liad  a  nephritis  wnich  lasted  for  a  short  time  and  from  which  he 
recovered  completely. 

On  admission,  he  was  found  to  be  a  muscular  boy  who  stated  that  he  had  not 
been  perfectly  well  for  the  past  few  days,  that  he  had  suffered  from  headaches, 
especially  at  nights,  and  had  easily  grown  tired.  On  the  day  of  admission  he  com- 
plained of  chilly  sensations,  more  severe  headache,  and  more  marked  prostration. 
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There  was  slight  edema  over  the  eyelids;  the  urine  was  free  from  albumin.  There 
was  high  fever,  but  local  manifestations  were  completely  absent. 

On  September  19th  he  had  several  fluid  stools,  and  this  symptom  continued  on 
the  two  following  days.  On  the  twenty-second,  tne  stools  became  solid  again,  and 
continued  so  to  the  rest  of  the  observation.  On  September  24th  the  subjective 
symptoms  were  improved  to  such  an  extent  that  the  boy  could  get  up  from  bed.  The 
temperature  had  sunken  markedly  from  its  high  level  at  the  beginmng  of  the  attack, 
and  only  on  that  day  it  reached  37.9°  C.  (100.2°  F.)  in  the  evening,  while,  as  a  rule, 
subnormal  temperatures  had  prevailed  before.  The  chart  (Fig.  37)  shows  how  great 
and  prolonged  the  disturbances  in  temperature  may  be  even  after  a  general  infection 
whicn  in  itself  seems  of  no  importance.  The  long  duration  of  the  subnormal  tem- 
peratures is  especially  noteworthy. 

The  heart,  which  had  previously  appeared  within  normal  limits,  giving  dulness 
up  to  the  right  sternal  border,  but  perfectly  clear  sounds  on  auscultation,  showed 
slightly  extended  boundaries  on  October  11th  and  12th.  On  the  right  side  the  dul- 
ness extended  to  the  parasternal  line;  on  the  left,  to  the  third  intercostal  space,  while 
the  apex-beat  was  found  in  the  nipple  line,  but  still  in  the  fifth  intercostal  space. 
There  was,  in  addition,  a  faint  systolic  murmur  at  the  apex,  and  a  diastolic  sound 
over  the  aorta,  the  latter  not  quite  pure  in  quality.  Neither  of  these  murmurs  could 
always  be  heard.  The  following  observations  were  recorded  on  the  pulse:  On 
September  18th  it  was  112  in  the  recumbent  position  and  130  when  sitting  up.  On 
the  nineteenth  it  was  100  and  120  respectively  in  these  positions;  on  the  twenty- 
fourth  it  was  69  and  111,  and  on  the  twenty-fifth  it  was  70  and  108. 

Irregularities  in  the  pulse-rhythm  were  noted  as  early  as  the  twentieth  of 
September;  on  the  twenty-fourth,  we  find  the  not«:  "The  extremely  irregular  pulse 
is  noteworthy  today.  Tne  pulsations  are  sometimes  strong,  sometimes  weak,  and 
at  times  there  is  an  actual  interruption  of  the  pulse.''    This  continued  at  least 
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throughout  the  entire  month  of  October,  and  could  be  still  demonstrated  in  a  less 
marked  degree  in  the  middle  of  December,  as  we  see  in  the  tracing  in  Fig.  38. 

The  frequency  of  the  pulse  had  diminished  (at  rest)  to  57  beats  in  the  first  part  of 
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October,  but  beginning  with  October  11th  it  rose  to  100  and  even  to  120.    It  con- 
tinued in  this  manner  during  the  entire  month  of  November. 

The  relation  of  the  temperature  to  the  frequency  of  the  pulse  was  as  follows  on 
some  of  the  days: 
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TElfPERATtTRE.  PULSE. 

September  18th, 40.5*»  C.  (104.9®  F.)  112 

October  11th, 37.2<»  C.  (98.96*»  F.)  108 

October  16th, 37.1®  C.  (98.78®  F.)  117 

October  19th, 37.0®  C.  (98.6®  F.)  112 

October  24th ^ 37.0®  C.  (98.6®  F.)  120 

No  dependent  relation,  therefore,  existed  between  these  two  phenomena. 

We  have  seen  that  in  case  II,  the  pulse  with  the  patient  at  rest  showed 
in  ten  consecutive  seconds  17,  15,  14,  and  13  beats.  In  case  IV,  the 
pulse  during  three  consecutive  minutes  showed  90,  76,  and  60  beats, 
respectively. 

In  the  following  case,  which  I  report  briefly,  the  functional  distur- 
bances of  the  heart  were  very  prominent: 

Case  VIII. — A  strong  muscular  man,  aged  twenty-seven  years,  was  admitted 
on  April  29, 1890.  There  was  at  first  constipation,  with  the  appearances  of  peritoneal 
irritation,  which  quickly  disappeared.  On  May  21st  the  patient  felt  very  ill,  the 
temperature  reached  39.4®  C.  (102.9®  F.),  there  were  severe  pains  in  the  joints, 
with  swellings  of  these  parts  ana  their  surrounding  tissues  and  redness  of  the  skin. 
The  same  phenomena  were  noted  over  the  glabelGt,  the  left  cheek,  and  the  eyelids. 
A  widelv  diffused  septic  eruption;  inflammatory  transient  changes  in  various  mus- 
des.  A  marked  swelling  of  the  spleen,  the  maximum  measurements  being  15 
by  5  cm.    There  were  repeated  attacks  of  excruciating  pains  in  the  abdomen  and 
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of  sensitiveness  on  pressure  over  the  belly.    Marked  emaciation.    Moderate  irregular 
fever  during  the  first  four  weeks. 

The  table  on  page  219  shows  the  interdependence  of  the  heart's  action  and  the 
movements  of  the  body,  although  the  latter  mcreased  the  demand  upon  the  heart 
but  sh'ghtl^r.  It  also  shows  the  great  change  which  occurred  withm  a  few  days. 
Mental  excitement  certainly  did  not  play  any  rdle  in  this  patient  during  the  ex- 
aminations. 

The  extremely  low  pulse-rates  which  are  sometimes  observed,  even 
at  the  early  stages  in  endocarditis,  deserve  attention  and  are  exemplified 
in  the  two  cases  which  follow: 

Case  IX. — A  girl  aged  seventeen  years.  Admitted  February  24,  1886.  She 
complained  at  first  of  fatigue  in  the  extremities,  pains  in  the  legs,  pressure  in  the 
region  of  the  stomach,  and  chilly  sensations  (February  14th).  All  these  symptoms 
continued  unchanged  until  the  twenty-third.  On  tnat  day  there  were  pams  in 
various  parts  of  the  body  and  swelling  of  the  right  wrist.  On  admission,  the  tem- 
perature was  39.2®  C.  (102.5°  F.)  and  the  heart  was  found  to  be  already  involved. 
During  the  further  course  of  the  disease  pains  and  swellings  were  noted  over  various 
joints,  together  with  swellings  at  the  epiphyses  of  some  of  the  long  bones.  There  was, 
m  addition,  a  widely  distributed  pleural  friction-sound,  but  no  effusion.  A  slight 
nephritis  was  present  with  prolonged  diminution  in  the  amount  of  urine  secreted. 
There  was  enlargement  of  the  spleen,  the  maximum  measurement  being  12  by  8  cm., 
and  there  were  numerous  disturbances  of  the  central  nervous  system,  whicn  are  to 
be  mentioned  again  in  another  connection.  The  duration  of  the  observation  was 
twenty-two  weeks.  There  were  seven  attacks  of  fever  of  shorter  or  longer  duration, 
some  of  which  appeared  without  any  particular  local  signs.  During  the  entire  time 
the  highest  temperature  was  39.2<>  C.  (102.6**  F.),  while  the  lowest,  36.8°  C.  (98.2° 
F.),  was  only  recorded  once. 
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CASE  VIII. 

Temper-  Pulse. 

Date.  aturb.  REanuro    Moving 

May     6. . .  .38.0^  C.  (100.4*>  F.)  72   135 

Fairly  Very 
regular   irregular 


May  21. . .  .3S,(f  C.  (100.4**  F.)  90 


May  27. 


.37.3*0.  (99.1*  F.)  80 

Pretty 
regular 


May  28. 
May  30. 

June    6. 


June  II. 
June  15. 


.37.1*  C.  (98.7*  F.)  70 

.  Very 
irregular 

.37.0*0.  (98.6*  F.)  79 

Intermit- 
tent 

.37.0*0.  (98.6*  F.)  66 

Regular 


.36.0*0.  (96.8*  F.)  78 

.No    longer  76 

taken;  no  Regular 

alteration 

since  May 

25th 


90 


152 
Very 
irregular; 
intermit- 
tent 


90 

Very 
irregular 
80 

Intermit- 
tent 

144 

Very 

irregular 


87 
85 

Very 
irregular 


Remarks. 

Marked  cyanosis  of  face, 
hands,  and  feet;  severe 
irregularity  of  heart  on 
risinK;  palpitation  in 
which  the  formerly  barely 
visible  cardiac  movements 
become  excited,  visible 
over  a  wide  area. 

Systolic  murmur  at  the  apex; 
rubbing  over  the  pulmon- 
ary, synchronous  with  the 
cardiac  movements,  in- 
dependent of  respiration. 

Pretty  regular  pulse  while 

auiet  in  bed;  on  leaving 
be  bed  irregular  pulsa- 
tions and  movements  vis- 
ible in  the  cardiac  area; 
severe  subjective  jjalpita- 
tion;  both  last  during  the 
few  moments  out  of  bed, 
Quickly  subsiding  on  lying 
down. 
Cyanosis  of  face  less. 


Distinct  systolic  murmur  at 
the  apex;  pericardial  fric- 
tion disappeared  since  the 
twenty-fifth. 

No  visible  cardiac  movement 
while  lying  down;  on  ris- 
ing, movement  becomes 
evident,  visible  over  a 
wide  area. 

Patient  remains  in  bed. 

After  rising;  apex  systolic, 
murmur  continues. 


Pig.  39  shows  the  behavior  of  the  pulse  during  the  first  five  weeks  of 
the  disease,  when  the  heart  was  most  markedly  affected.  The  morning 
temperatures  are  also  noted  upon  this  chart,  as  they  were  measured  at 
the  same  time  as  the  pulse  was  counted.  It  follows — (1)  That  with  a 
temperature  which  never  had  sunk  below  37®  C.  (98.6®  F.),  the  pulse  from 
March  5th  to  March  19th  had  remained  under  50,  showing  a  minimum  of 
38  (March  15th).  Low  figures  were  also  found  when  the  pulse  was  counted 
repeatedly  in  the  evening.  These  coincided  with  the  higher  temperatures 
which  prevailed  at  that  time  of  the  day.  (2)  That  there  was  from  the  be- 
ginning an  irregularity  of  the  pulse  and  a  diminished  fulness  of  the  arteries. 
Repeatedly  we  find  the  note  "the  pulse  can  hardly  be  felt."  (3)  That 
although  a  certain  parallelism  existed  between  the  pulse  and  the  tempera- 
ture, this  was  only  of  the  most  general  character.  There  was  no  indica- 
tion of  a  dependence,  such  as  is  observed  normally.  During  the  subse- 
quent weeks  of  the  disease  these  phenomena  continued,  although  in  a 
lessened  degree. 
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Case  X. — A  man  aged  thirty-seven  years,  admitted  on  March  2,  1888.  During 
the  past  eleven  vears  he  had  repeated  attacks  of  "pain  in  the  limbs."  During  the 
night  from  the  nrst  to  the  second  of  March  he  felt  slight  pains  in  the  right  leg,  and 
on  admission  showed  signs  of  sciatica  on  the  right  side.  There  was,  however,  an 
elevation  of  temperature  which  reached  39.5°  C.  (103.1°  F.)  even  on  the  first  day  of 
the  disease.  On  March  4th — the  third  day  of  the  disease — there  were  widely  distrib- 
uted pains  in  the  limbs,  including  bones  and  joints,  and  swellings  of  the  joints.  The 
spleen  was  enlarged  from  the  first,  measuring  10-11  cm.,  and  showing  fine  friction- 
sounds  which  could  be  heard  over  it  as  well  as  over  the  liver.  Friction-sounds  were  also 
heard  over  both  pleurse,  beginning  with  the  fifth  day  of  the  disease.  An  excited  and 
irregular  heart's  action  was  present  from  the  fourth  day.  The  cardiac  area,  which 
was  at  first  normal,  gradually  increased  in  size.  This  could  be  clearly  demonstrated 
on  the  twentieth  oay.  At  the  same  time  there  were  phenomena  on  auscultation 
which  did  not  disappear  again.  The  duration  of  the  observation  was  ten  weeks. 
The  first  period  of  fever  lasted  from  March  2d  to  March  6th;  the  second  lasted  from 
March  24th  to  April  1st. 


February 


March 


Fig.  39i 


Fig.  40,  which  was  drawn  in  the  same  manner  as  the  preceding  chart, 
shows  the  following: 

(1)  The  frequency  of  the  pulse  was  less  than  50  only  for  a  short  time 
and  reached  its  minimum  of  38  beats  on  March  17th.  Neither  on  that 
day  nor  on  the  preceding  day  did  any  appreciable  changes  occur  in  the 
condition  of  the  patient — in  fact,  he  felt  somewhat  better. 

(2)  There  was  no  more  true  correspondence  in  the  course  of  the  tem- 
perature and  of  the  pulse  than  was  noted  in  case  IX. 

(3)  The  disturbances  over  the  heart,  on  the  whole,  were  much  more 
marked  in  this  case,  but  it  does  not  appear  from  the  observations  that 
they  were  worse  when  the  pulse  was  least  frequent. 

^Changes  in  physical  signs  are  almost  always  noted  only  after  the 
disturbances  in  the  heart's  action  have  been  evident  a  variable  period  of 
time.  As  a  rule,  the  auscultatory  signs  appear  appreciably  earlier  than 
the  extension  of  the  cardiac  dulness  in  any  direction. 

Thus,  in  the  history  of  the  case  last  mentioned  (case  X),  we  find  the  following 
notes:  March  5th:  "Heart-sounds  pure."  March  11th  and  13th:  "A  loud  systolic 
murmur  over  the  apex  of  the  heart  and  over  the  aorta;  diastolic  pulmonary  sound 
accentuated."  March  21st:  *'  The  systolic  murmur  is  especially  loud  over  the  apex. 
The  systolic  sound  over  the  ascending  aorta  is  very  faint,  reduplicated,  and  somewhat 
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fluttering.     Heart  boundaries:   The  cardiac  dulness  is  only  slightly  extended;   the 
apex-beat  in  the  fifth  intercostal  space  outside  the  nipple  line/' 

"The  autopsy  on  August  20, 1890,  showed  considerable  changes  in  the  mitral  and 
aortic  valves,  which  indicated  old  endocarditis.  There  was,  in  addition,  a  marked 
hypertrophy  and  dilatation  of  the  heart.'' 

Dilatation  of  the  heart  may  coincide  with  the  acoustic  phenomena, 
and  both  may  occur  very  early  in  the  disease,  although  this  is  less  fre- 
quent, as  was  seen  in  the  following  case: 

Case  XI. — A  girl,  aged  sixteen  years;  admitted  on  November  22,  1893.  Her 
illness  be^n  on  October  31st  with  headache  and  prolonged  chilly  sensations.  On 
the  following  day  the  symptoms  grew  worse,  and  a  peculiar  phlegmonous  swelling 
appeared  on  the  face.  The  temprature  was  very  high  (40 . 9°  C. — 105.6°  F. ).  The 
heart  was  found  to  be  involved  considerably,  eVen  on  admission.  The  pulse  was 
small,  easilv  compressed  and  irregular. 

November  3d:  Heart-sounds  muffled;  a  systolic  blowing  sound,  variable  in 
intensity  at  the  apex;  in  addition,  pericardial  friction.     Heart  lx>undaries:  the  upper 
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Fig.  40. 


border  of  the  fourth  rib;  the  middle  of  the  sternum.  The  apex  still  in  the  fifth  inter- 
costal space,  but  somewhat  outside  of  the  nipple  line.  November  10th:  Heart- 
sounds  pure;  the  dulness  just  to  the  left  sternal  border.  December  18th:  Heart- 
sounds:  A  loud  systolic  murmur  over  the  aorta  and  the  carotid,  a  double  sound  over 
the  crural;  dulness  has  extended  to  the  left  and  upward.  January  9,  1894,  systolic 
murmurs  over  the  apex  and  the  aorta.  Dulness  one  finger  *8-breadth  beyond  the 
right  sternal  border,  and  upward  to  the  third  intercostal  space.  Apex-beat  outside 
the  manunary  line. 

When  the  patient  was  discharged  on  May  8, 1894,  she  had  all  the  signs  of  a  com- 
plicated valvular  affection  involving  both  the  aortic  and  the  mitral.  Cultures  from- 
the  blood  showed  the  presence  of  Staphylococcus  pyogenes  albus,  and  the  septic 
infection  involve<l,  in  addition  to  the  heart,  the  serous  membranes,  including  the 
pleura,  the  pericardium,  and  the  coverings  of  the  spleen  and  the  liver;  also  in  a  less 
marked  degree  the  central  nervous  system  and  the  muscles.  In  addition,  the  kidneys 
were  involved;  albumin,,  blood,  and  casts  were  present  in  the  urine  from  the  be- 
ginning of  the  disease  to  November  27th.  The  spleen  reached  a  maximum  size  of 
9  by  14  cm.  Profuse  diarrhea  was  present  from  the  eighth  to  the  fifteenth  of 
November.    The  temperature  reached  40°  C.  (104°  F.)  and  over  daily  during  the  first 
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two  weeks,  and  after  an  intermission  of  a  few  davs  there  was  again  a  rise  to  the  same 
height.  Then  followed  a  fairly  sudden  fall.  The  temperature  did  not  exceed  38® 
C.  riOO.4®  F.)  from  November  28th  to  January  11th,  but  there  were  irregularities 
in  the  course  throughout  the  da}^. 

Figure  41  shows  that,  even  with  high  fever  and  a  severe  involvement  of  the  heart, 

there  was  no  appreciable  relation 
between  the  frequency  of  the  pulse 
and  the  temperature.  In  this  case 
this  was  even  more  distinctly  dem- 
onstrated than  in  those  cited  pre- 
viously. No  relation  could  be 
shown  between  the  temperature 
and  the  gradually  developmg  ana- 
tomic changes  in  the  heart. 

In  recurrent  endocarditis  the 
symptoms  and  physical  signs 
behave,  in  general,  in  the  same 
manner.  The  following  may 
serve  as  an  example: 

Case  XII. — A  woman,  aged 
twenty-six  years,  admitted  on  July 
21,  1893.  She  had  been  suffering 
from  pains  in  the  limbs  from  her 
fourteenth  to  her  twenty-third 
years.  There  were  disturbances 
on  the  part  of  the  heart  since  the 
last  attack.  In  November,  1892. 
she  gave  birth  to  a  child  at  full 
term.  Since  April,  1893,  she  was 
again  pregnant.  From  this  time 
on  her  condition,  which  had  been 
fairly  good  before,  became  perma- 
nently worse.  She  complained  of 
nausea,  vomiting,  vertigo,  a  fre- 
quent feeling  of  anxiety,  and  palpi- 
tation of  the  heart.  These  symp- 
toms increased  during  the  last  few 
weeks  before  admission,  and  were 
associated  with  dyspnea; 

On  admission,  the  cardiac  area 
was  found  enlarged,  extending  to 
the  lower  border  of  the  third  rib. 
and  on  the  right  to  the  parasternal 
line.  The  apex-beat  was  at  the 
nipple  line  in  the  fifth  intercos- 
tal space.  There  was  a  systolic 
murmur  at  the  apex,  and  the  dias- 
tolic tone  over  the  pulmonary  was 
markedly  accentuated.  The  aortic 
sounds  were  muffled.  The  pulse 
was  fairly  full  and  regular;  the 
temperature  was  below  38°  C. 
(100.4**  F.). 

The  phenomena  of  mitral 
insufficiency  which  were  pres- 
ent on  admission  did  not  re- 
main long  in  a  condition  of 
comparatively  good  compensation.  Whether  or. not  the  aortic  valves 
were  intact  could  not  be  determined  with  certainty.  Both  the  general 
symptoms  as  well  as  the  signs  on  the  part  of  the  heart  pointed  to  the 
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fact  that  this  organ  had  again  been  attacked  by  a  renewed  infection. 
The  following  table  shows  the  course  of  the  disease: 


TABLE  OF  CASE  XII. 


Date. 

Hi 

Quality 

OF  PUUBE. 

Bound- 
aries or 
THE  Heart. 

Heart- 
sounds. 

Other 
Symptoms. 

Aug.      6.. 

38.3*»  C. 

86 

Slightly  irreg- 
ular. 

As  on  admlBsion. 

A  faint  diastoUc 
murmur      also 
heard   over   the 
aorta. 

During  the  night, 
severe  pains  over 
the  heart.  Blight 
effusion  in  left 
pleura.  Friction 
sound.  Heart's 
action  excited. 

Auc.    16.. 

39.5'»  C. 

96 

Irregular     di- 
crotic. 

As  on  adnuBsion. 

sound  over  aorta. 
Diastolic    mur- 
mur. 

Heart's  action  ex- 
cited. Cyanosis 
of  face  more 
marked.  Pleu- 
risy disappeared 
since  the  eleventh. 

Aug.    20.. 

38.2«C. 

99 

.Irregular      in 
force       and 

Unchanged. 

.... 

Aug.    22.. 

39.0°  C. 

86 

Interrupted 
once  a 
minute. 

Unchanged. 

Patient  found  un- 
conscious in  the 
morning,  and  had 
fallen  out  of  bed. 
Left  hemiplegia 
(embolic). 

Aug.    28.. 

38.1*»  C. 

94 

Fairly  regular. 

Unchanged. 

A  distinct  systoUc 
murmur  over  the 
aorta.    The  dia- 
stolic     murmur 
less  marked. 

Marked  edema  of 
the  eyelids  since 
the  twenty-sixth. 
Urine  ^  perfectly 
normal   (kidneys 

Sept.    16.. 

38.9«'C. 

96 

Irregular    di- 
crotic. 

Unchanged. 

An    impure    sys- 
tolic   tone   over 
aorta,  and  a  dia- 
stolic    murmur. 
Signs  unchanged 
over    apex    and 
pulmonary,  since 
admission. 

Paralytic  symp- 
toms slightly  im- 
proved during 
past  few  weeks. 
Pain  and  swell- 
ing of  various 
jomts  now  and 
m  second  half 
of  September. 
Spleen  dulness 
sUghtly  enlarged, 
eighth  to  ninth. 
Though  fever 
only  moderate 
(never  over  39**  in 
evening)  patient 
much  emaciated. 

Sept.    28.. 

38.5''  C. 

94 

Fairly  regular. 

Unchanged. 

Distinct  aortic  sys- 
tolic, weaker  di- 
astolic murmur. 

Pains  in  joints 
havedisappeared . 
Patient  feels 
pretty  well. 

Oct.     18. . 

38.6''  C. 

104 

Very  irregular. 

Dulness  extends 
two      finger- 
breadths      to 
right    of  ster- 
num. 

Systolic  and  dias- 
tolic     murmurs 
over  aorta  aswell 
as  over  apex. 

Occasionally  slight 

and  muscular 
pains. 

Oct.     29.. 

37.6*  C. 

87 

Markedly    di- 
crotic. 

Upper  border  of 
third  rib.  right 
sternal   boMer 
Apex;    2    cm. 
outside    of 
nipple     line, 
fifth  interoostal 
space. 

SystoUc  and  dias- 
tolic    murmur 
over  aorta;    the 
systolic       also 
heard    over    as- 
cending     aorta 
and  the  carotid. 

Severe  pains  in 
the  fingers  of  the 
left  and  in  the  en- 
tire ri^t  hand. 
Joints  swollen, 
red,  and  wrists 
pfunful  on  pres- 
sure. Petechifld 
over  both  palms 
since  the  twenty- 
third.  Increasing 
emaciation. 
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Table  of  Case  XII. — (Continued.) 


Date. 

ill 

Quality 
OF  Pulse. 

Bound- 
aries OF 
THE  Heart. 

Heart- 
sounds. 

Other 
Stuftous. 

Nov.      7.. 

38.0°  C. 

100 

Regular. 

Not      changed 
since    October 
29th. 

Systolic   murmur 
over  aorta  much 

diastolic.       The 
latter  is  audible 
over  a  larger  part 
of  the  sternum, 
on  the  right  side. 
Over  the  ascend- 
ing   aorta    and 
carotid,  a  systo- 
lic blowing  sound; 
a  systoUc  thrill 
over  the  latter. 

Patient  feels  fairly 
well  during  the 
day,  gets  worse 
at  night.  Ver>' 
severe  cerebral 
symptoms.  First 
delirium,  then 
coma.  On  the 
ninth  delivered  of 
a  seven  months' 
fetus,  stillborn. 
Patient  did  not 
notice  that  she 
had  given  birth. 
(Compare  below. 

Nov.    11.. 

40.0°  C. 

138 

Irreguhu-,    in- 
terrupted di- 
crotic. 

Slightly        in- 
creased to  the 
right.       Small 
area  of  dulness 
3  cm.  high  and 
2.5  cm.  wide  in 
first  intercostal 
space,     right 
side,  near  ster- 
num. 

Murmurs     over 
mitral   very   in- 
distinct.      Very 
loud     over    the 
aorta,  especially 
the  systolic.  Al- 
so over  the  dul- 
ness  on  right  side 
of  sternum  (aor- 
ta ascendens). 

On  November  10, 
complete  paralv- 
sis  of  the  right 
half  of  the  body. 
On  the  left  side 
repeated  contrac- 
tions. Death, 
November  11th, 
4.45  P.M.,  the 
patient  remain- 
mg  unconscious 
to  the  end. 

Acoustic  changes  which  indicated  the  participation  of  the  aorta  and  its 
valves  were  noted,  in  addition  to  the  functional  disturbances  and  severe 
subjective  symptoms,  after  a  short  time — about  two  weeks.  These 
changes  consisted  in  s)rstolic  and  diastolic  murmurs  which  occurred  in 
irregular  alternations,  at  first  transiently,  sometimes  louder,  sometimes 
more  faintly,  but  toward  the  end  permanently.  It  took  more  than  twelve 
weeks,  however,  before  increased  cardiac  dulness  could  be  demonstrated. 
At  first  only  the  right  side  of  the  heart  was  involved,  but  after  about  a 
week  the  left  side  followed.  Before  the  end  there  was  again  an  enlarge- 
ment in  which  the  ascending  aorta  took  part. 

On  the  whole,  the  behavior  of  the  temperature  was  the  same  as  has 
been  described  above  in  several  instances.  The  elevation  fluctuated 
within  moderate  degrees,  and  during  the  course  of  fifteen  weeks  39®  C. 
(102.2®  F.)  were  reached  or  slightly  exceeded  (maximum,  39.5°  C— 103.1° 
F.)  only  eight  times.  The  minimum  temperatures  were  as  low  as  36.3° 
C.  (97.3°  F.).  The  irregular  distribution  over  the  twenty-four  hours  was 
very  noteworthy,  but  this  changed  during  the  last  few  days  of  life.  There 
was  a  rapid  rise,  which  was  interrupted  by  unexplainable  fluctuations, 
but  shortly  before  death  40.9°  C.  (105.6°  F.)  was  registered  (Fig.  42). 
Finally,  a  postmortem  rise  to  41.5°  C.  (106.7°  F.)  was  noted  (Fig.  43). 

I  shall  give  only  the  essentials  of  the  very  detailed  anatomic  report  of 
von  Baumgarten: 

"The  heart,  on  the  whole,  is  moderately  enlarged.  On  the  right  side  it  projects 
beyond  the  right  sternal  border  to  the  extent  of  1}  finger-breadths.  Its  apex  is 
in  the  sixth  intercostal  space,  one  finger-breadth  outside  of  the  nipple  line.  The 
heart,  as  a  whole,  is  of  a  marked  conic  shape,  the  apex  being  made  up  exclusively  of 
the  left  ventricle  and  the  anterior  longitudinal  sulcus  deviates  strongly  to  the  right 
from  the  median  line. 
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"  The  epicardium  contains  a  moderate  amount  of  fat.  The  aorta  shows  a  dilata- 
tion the  size  of  a  walnut  projecting  to  the  right  from  its  first  portion.  The  heart 
measures  12  cm.  in  length;  the  wall  of  the  right  ventricle  is,  without  epicardium 
and  trabeculffi)  from  4  to  5  nun.  thick.  The  left  ventricle  measures,  in  the  same 
way.  2  cm.  Resistance  is  encountered  when  the  finger  attempts  to  pass  through 
the  left  articulo-ventricular  orifice.  On  the  rieht  side  three  fingers  are  easily  passed 
through  the  opening.     On  opening  the  heart  the  mitral  is  found  markedly  thickened 
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and  its  lower  free  border  considerably  shrunken.  There  are  several  grayish-red 
thrombotic  deposits  the  size  of  a  pea  along  the  line  of  closure,  firmly  adherent  to 
the  tissue.  All  the  flaps  of  the  aorta  are  markedly  thickened  and  their  upper  free 
border  considerablv  shrunken.  There  are  thick,  grayish-red  thrombi,  especially 
along  the  lines  of  closure,  but  also  beneath  these,  which  cannot  be  removed  without 
violence.  Similar  wartv  and  nodular  deposits  cover  almost  the  entire  surface  of  the 
aortic  flap  of  the  mitral  on  the  side  toward  the  left  ventricle,  as  well  as  the  endo- 
cardium of  the  left  ventricle  near  the  membranous  septum. 
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"  The  papillary  muscles,  as  well  as  the  trabeculaB,  are  markedly  hypertrophied. 
The  cavity  of  the  left  ventricle  was  only  slightly  dilated. 

"  The  tricuspid  is  10  cm.  in  diameter.  The  cavity  of  the  right  ventricle  was  some- 
what dilated,  as  well  as  that  of  the  right  auricle.  The  papills^  muscles,  the  trabec- 
ule, and  the  pectinate  muscles  are  moderately  hypertrophied.  The  aorta  shows  no 
changes  even  in  the  dilatation  described  above,  excepting  a  slight  thinning  of  its 
15 
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wall  correaponding  to  this  projection.  The  heart  muscle,  as  a  whole,  has  a  good 
grayish-red  color  and  there  are  no  inflammatory  foci  anywhere." 

In  the  further  account  of  the  autopsy  we  find:  "The  meninges  at  the  base  of  the 
brain  show  a  slight  milky  opacity.  A  thrombus  measuring  about  }  cm.  in  length  is 
found  in  the  left  internal  carotid  where  this  artery  paases  mto  the  beginning  of  the 
artery  of  the  Sylvian  fissure  and  the  anterior  communicating  branch.  This  throm- 
bus adheres  closely  to  the  wall  of  the  vessel,  distends  the  latter,  and  passes  into  the 
arteiy  of  the  Sylvian  fissure  as  well  as  into  the  anterior  conmiunicatinff  branch. 
The  arteries  which  lie  beyond  it  are  markedly  collapsed  and  flattened.  There  is  a 
second  thrombus,  about  }  cm.  in  length,  in  the  left  artery  of  the  Sylvian  fissure,  of 
greenish  color;  it  distends  the  wall  and  is  adherent  to  it,  and  extends  into  the  neigh- 
boring arterial  branches.  On  the  right  side  there  is  a  thrombus  completely  filling  the 
walls  of  the  artery  of  the  Sylvian  fismire  at  the  point  where  this  vessel  passes  over  the 
island,  and  this  thrombus  also  extends  into  the  neighboring  branches.  On  section 
through  the  hemispheres  the  right  side  shows  a  fairly  extensive  softening  of  the  inters 
nal  capsule  and  of  the  greater  portion  of  the  lenticular  nucleus.  On  the  left  side  a 
fresh  reddish  area  of  softening  is  found  in  the  middle  segment  of  the  lenticular 
nucleus. 

"Furthermore,  there  are  older  infarcts  in  the  spleen  and  kidneys.  There  is  a 
grajrish-red  embolus,  with  puriform  softening  in  its  center,  in  the  nepatic  artery, 
astride  of  the  angle  of  division  of  the  two  main  branches.  There  are  purulent 
bronchitis  and  splenization  in  the  lower  lobes  of  both  lungs." 

The  bacteriologic  examination  showed  large  masses  of  staphylococci 
in  the  endocardial  deposits.  There  were  also  considerable  numbers  of 
these  genns  in  the  fresh  suppurating  embolus  in  the  left  artery  of  the  Syl- 
vian fissure.  In  the  older  ii^arcts  in  the  spleen  and  the  kidney  there  were 
also  masses  of  cocci  which;  however^  were  less  numerous.  No  cocci  could 
be  foimd  in  the  meninges. 

We  cannot  determine  with  certainty,  either  here  or  in  any  other  case, 
whether  the  new  attack  arose  from  the  previously  involved  tissues  or 
whether  these  structures  had  only  offered  favorable  opportunities  for 
the  localization  of  staphylococci  from  elsewhere.  It  may  be  said  with 
certainty,  however,  that  the  clinical  picture  does  not  offer  in  these  cases 
any  appreciable  differences  from  those  seen  in  the  primary  affection. 

In  the  recurreTd  forms,  which  pursue  a  dower  course,  the  heart  muscle 
is,  as  a  rule,  involved  more  and  more,  in  addition  to  the  lesions  at  the 
valves  and  orifices.  The  final  result  is  the  clinical  picture  of  heart  failxue, 
in  which  the  changes  in  the  endocardium  occupy  the  background.  Case 
III  offered  an  example  for  this  type  of  chronically  recurrent  heart  disease. 
I  shall  relate  another  case  which  I  was  able  to  follow  for  more  than  six 
years  to  its  fatal  termination. 

Case  XIII. — Recurrent  endocardiiia;  insufflcienq/  of  the  mitral  and  the  aortic; 
stenosis  of  the  mitral  orifice,  and  in  a  lesser  degree  also  of  the  tricuspid;  aortic  stenoeis; 
dilatation  of  the  ascending  aorta.  The  heart  muscle  relatively  competent;  the  lungs 
also.  Cachexia  due  to  frequent  pregnancies  and  eoccessive  loss  of  blood  during  labor; 
amyloid  deaeneraHon  of  the  kidneys,  intestines,  and  spleen.  Thromhoeis  in  the  internal 
carotid  and  in  the  left  Sylvian  artery .    Death  from  croupous  pneumonia. 

Mrs.  H.,  aged  thirty-six  years,  at  the  time  of  death;  had  erysipelas  of  the  face 
several  times  when  she  was  young.  She  also  had  chlorosis,  and  her  menstruation 
began  only  when  she  was  twenty  years  old.  but  had  continued  regularly  since  then. 
She  was  married  at  twenty-seven,  and  had  two  children.  Everything  was  normal 
during  the  first  pregnancy,  but  the  child  was  delivered  with  forceps.  The  puerperium 
was  perfectly  normal,  and  she  was  able  to  continue  doing  very  exhausting  work 
without  exertion,  as  before.  In  December,  1885,  she  became  pregnant  for  the  second 
time.  At  first  everything  went  well,  but  as  the  work  of  the  field  became  more  and 
more  difficult  during  the  spring  and  summer,  she  suffered  much  from  stabbing  ^ins 
in  the  side,  shortness  of  breath,  and  ''pressure  over  the  heart.''  She  was  obliged 
often  to  sit  down  and  "get  her  wind";  was  always  very  tired,  and  finally  became 
inca^ble  of  doing  any  hard  work. 

First  admission.  September  19, 1886.    Discharged  March  18, 1887.    The  patient 
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was  delivered  on  the  day  of  admission.  The  placenta  had  to  be  separated  manually 
and  there  was  consfderable  hemorrhage,  accompanied  by  slight  collapse.  The  heart 
was  markedly  enlarged;  the  apex-beat  in  the  sixth  intercostal  bPB'<^-  There  was  a 
systolic  thrill  at  the  apex  and  a  diastolic  thrill  over  the  aorta.  The  sounds  were  not 
pure  at  any  point;  indistinct,  without  definite  rhythm,  and  the  second  pulmonary 
tone  could  not  be  distinguished. 

On  the  following  days  there  were  slight  elevations  of  temperature  without  local 
symptoms.  The  pulse  was  accelerated,  110  to  130  per  minute;  the  respiration 
Mtween  24  and  30.  The  patient  recovered  slowly,  and  during  the  fifth  week  she  was 
able  to  get  up  for  several  days.  The  behavior  of  the  heart  and  of  the  circulation 
during  the  subsequent  months  was  as  shown  in  Table  I,  p.  228. 

IKiring  the  time  of  observation,  which  covered  half  a  year,  the  highest  frequency 
of  the  pulse  was  135,  the  lowest  80,  and  the  average  of  the  morning  observations 
was  101.  The  pulse  was  always  more  or  less  irreeular.  The  temperature  was  ele- 
vated only  for  a  short  time.  On  one  occasion,  on  Januaiy  28, 1887,  it  rose  to  39.2^ 
C.  (102.5*^ F.)  at  noon,  but  after  four  hours  it  sank  to  38.4^  C.  (101.1°  F.).  The  low- 
est temjperature  was  observed  on  March  13  at  8  o'clock  in  the  morning  and  was  36°  C. 
(96.8°  r.).  However,  greater  variations  in  temperature  than  occur  normally  were 
noted  later,  and  the  regular  distribution  over  the  day,  as  is  generally  observed  in 
health,  was  absent. 

The  patient  left  the  hospital  at  the  end  of  March  to  visit  relatives.  At  the 
second  admission,  from  June  14th  to  September  24, 1887,  she  showed,  in  addition  to 
the  changes  in  the  heart  and  the  aorta,  that  she  was  succumbing  more  and  more  to 
the  disease.  Her  voice  especiaUy  had  become  so  weak  that  one  had  to  listen  carefully 
in  order  to  understand  her.  There  was  a  slight  catarrh  of  the  true  vocal  cords,, 
which  continued  for  some  time.  A  report  from  the  surgical  clinic,  dated  August  1st,, 
was  as  follows: 

''No  paralysis  of  any  particular  muscle  can  be  detected.  The  larynx,  as  a 
whole,  however,  moves  somewhat  less  actively  than  normally.  The  glottis  closes 
completely  when  the  patient  exerts  herself,  but  during  ordinary  phonation  both  the 
cartilaginous  as  well  as  the  ligamentous  glottis  shows  a  gap  which  is  very  slightly 
wider  than  normal.  The  true  vocal  corcb  are  very  slightly  thickened,  light  gray 
in  color,  and  covered  with  a  little  mucus.  The  rest  of  the  larjrnx  is  nornotal.  The 
cause  of  the  muffled  voice  may,  therefore,  be  sought  in  the  deficient  nutrition  of  the 
laiyneeal  muscles,  especially ,  however,  in  a  weakness  of  the  air  current." 

Tm  pulse  was  again  about  100.  There  was  no  rise  of  temperature.  In  addition 
to  the  dilatation  of  the  ascending  aorta  (see  Table  II,  p.  229)  the  bounding  pulse 
[p.  celer. — ^Ed.]  was  noteworthy. 

A  more  careful  observation  for  the  third  time  began  on  February  15,  1888.  In 
the  meanwhile  the  patient  had  only  been  seen  from  time  to  time  during  office  hours. 
The  weakness  had  greatly  increased,  and  during  the  last  few  months  the  patient 
would  leave  her  bed  reluctantly  and  with  a  great  deal  of  exertion.  She  had  once 
more  become  pregnant.  The  behavior  of  the  arterial  system  and  the  heart  for  the 
period  from  June  14,  1887,  to  February  25,  1888,  is  shown  in  Table  11,  p. 
229.  A  slight  diminution  in  the  size  of  the  cardiac  dulness  occurred  up  to  the 
first  of  April,  but  the  dilatation  of  the  ascending  aorta  had  in  the  meanwhile  become 
more  extensive  (by  about  0.5  cm.).  The  frequency  of  the  pulse  was  at  first  100,. 
or  thereabouts,  but  diminished  somewhat  later  on.  The  lowest  avera^  for  a  week 
was  70,  and  the  lowest  single  count  was  60.  Of  the  new  manifestations,  we  may 
mention  dry  pleurisy  on  the  right  side  and  slight  nodular  erythema.  No  elevation 
of  temperature  was  noted.  The  woman  remained  under  treatment  with  unimportant 
interruptions  until  her  death. 

In  addition  to  bronchial  catarrh,  which,  however,  did  not  become  very  severe 
at  any  time,  she  complained  from  time  to  time  of  pains  in  the  long  bones,  in  the  joints, 
and  in  the  muscles.    Table  III,  p.  230,  contains  data  concerning  such  an  attack. 

On  the  whole,  there  were  but  slight  variations  in  the  cardiac  signs  during  the 
last  years  of  life.  The  severe  disturbances  at  the  valves  of  the  left  side  of  the 
heart  and  the  dilatations  of  the  aorta  remained  practically  the  same.  Transient  en- 
largements of  the  area  of  cardiac  dulness  were  noted  from  time  to  time,  especially 
when  bronchial  catarrh  was  present.  On  the  other  hand,  there  was  a  change  in 
the  temperature  during  the  last  three  months.  Formerly  the  temperature  had  oeen 
perfectly  normal  or  even  subnormal  with  a  few  exceptions,  but  during  the  last  period 
there  were  more  or  less  pronounced  rises  which  occurred  not  infrequently.  It  is 
scarcely  necessary  to  demonstrate  this  by  means  of  tables  which  I  possess,  and  which 
comprise  the  record  of  fifteen  weeks  with  usually  four  daily  measurements. 
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Table  IV  (p.  231)  mvea 
a  review  of  the  period  from 
Julv  15th  to  September 
13th  y  during  which  the  fre- 
quency of  the  pulse,  the 
amount  of  urine  secreted, 
and  the  temperature  were 
noted  in  groups  of  ten  days 
each. 

It  will  be  seen  how  little 
change  there  was  in  the  fre- 
quency of  the  pulse  and  how 
independent  the  pulse-rate 
was  of  the  temperature.  The 
amount  of  urine  secreted  is 
in  this  case  no  criterion  of 
the  work  of  the  heart,  for 
the  autopsy  showed  amyloid 
degeneration  of  the  kidneys. 
It  must  be  emphasized,  how- 
ever, that  during  the  last 
few  weeks  the  amount  of 
urine  secreted  increased  up 
to  two  liters  and  still  showed 
that  a  considerable  amount 
of  functional  capacity  ex- 
isted in  the  heart  muscle. 
It  seemed  as  though  the 
patient  would  recover  once 
more,  but  a  pneumonia  ap- 
peared on  September  27, 
1892,  after  an  attack  of 
right-sided  hemiplegia  with 
aphasia,  and  produced  the 
fatal  end. 

The  following  brief  notes 
may  be  given  from  the  very 
accurate  report  on  the  au- 
topsy (Professor  von  Baum- 
garten): 

''There  was  a  slight 
edema  of  the  ankles  and  of 
the  dorsum  of  the  right 
hand.  A  small  amount  of 
dear  fluid  was  found  in  the 
peritoneal  cavitv;  in  the  left 
pleural  space  tnere  was  no 
effusion,  while  in  the  right 
there  were  a  few  table- 
spoonfuls  of  a  cloudy  puru- 
lent fluid.  In  the  tower 
lobe  of  the  right  lung  there 
was  fresh  red  hepatization. 
There  were  old  adhesions 
below  and  behind  on  the 
right  side.  Both  lungs  were 
moderately  emphysematous. 
There  was  a  fresh  edema. 

"The  Heart  and  Blood- 
vessels.— The  heart  was  more 
than  twice  as  large  as  the 
flst,  and  was  quite  exten- 
sively covered  with  fat. 
The  apex  was  formed  of  the 
left  ventricle  alone.  The 
right  auricle  and  ventricle 
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were  dilated,  and  contained  a  con- 
siderable amount  of  blood,  most 
of  which  was  clotted.  The  base 
of  the  ventricular  cone  in  8ttu 
measured  10  cm.,  and  its  length 
was  12.5  cm.  The  arch  of  the 
aorta  projected  markedly  forward 
within  the  pericardium.  The  left 
auricle  contained  a  considerable 
amount  of  coagulum.  The  mitral 
orifice  barelvadmitted  the  tip  of 
one  finger.  Water  introduced  mto 
the  aorta  drained  off  immediately. 
The  right  auricle  contained  a  large 
vellow  clot.  The  tricuspid  was 
lar|^  enough  to  admit  two  fingers 
easdy.  The  pulmonary  artery  and 
its  valve  were  normal.  Both  ven- 
tricles and  both  auricles  were 
considerably  dilated.  The  right 
auricle,  measured  without  the  epi- 
oardiumand  without  the  trabecule, 
was  4  nmi.  thick,  on  the  left  side 
14  mm.  The  papillary  muscles  of 
the  left  ventncle  were  markedly 
thickened.  The  tricuspid  was 
thickened  evenly,  but  not  very 
markedly  at  its  edge;  its  flaps  and 
its  tendinous  cords  were  not  short- 
ened. The  mitral  showed  a  mark- 
edly diffuse  thickening;  its  tendi- 
nous cords  were  short  and  much 
thickened.  A  reddish,  uneven 
plaque,  in  part  incrusted  with 
lime,  in  part  composed  of  fresh 
soft  masses,  was  found  upon  the 
auricular  surface  of  the  aortic  flap. 
The  plaque  was  of  the  size  of  a 
dime  and  several  millimeters  thick. 
There  were  several  fibrinous  dots 
upon  the  surface.  The  mitral  ori- 
fice was  3.5  cm.  wide,  the  valves 
stiff,  slightly  movable.  The  aortic 
aperture  was  5  cm.  wide.  The 
semilunar  valves  were  markedly 
thickened,  shortened,  but  slightly 
movable,  and  adherent  to  one 
another  at  their  ends.  There  were 
no  chalky  deposits  or  thrombi  on 
these  valves.  The  aorta  widened 
up  to  8  cm.  between  the  aortic 
valve  and  the  origin  of  the  great 


"The  heart  muscle  was  quite 
flabby  in  consistence  and  some- 
what brownish  in  color.  A  focus 
of  the  size  of  a  wheat-grain, 
brownish-red  in  color  and  some- 
what depressed,  was  found  in  the 
wall  of  the  left  ventricle.  The 
endocardium  and  the  intima  of 
the  aorta  did  not  show  anything 
abnormal,  save  the  changes  in  the 
valve.  No  thrombi  were  noted 
anjTwhere  in  the  heart  cavity. 

"In    the    brain    there    were 
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thrombi  in  the  trunk  of  the  left  carotid,  and  in  the  left  Sylvian  artery.  There 
was  also  softening  in  the  left  temporal  lobe,  the  central  and  the  lower  frontal  con- 
volutions. There  was  an  old  infarct  in  the  spleen  and  the  liver  presented  the  pic- 
ture of  a  cyanotic  '  nutmeg'  liver.  A  number  of  veins  in  the  nght  parametrium 
were  filled  with  loose  mixed  thrombi.  Microscopic  examination  showed  marked 
amyloid  degeneration  in  the  kidney,  spleen,  and  intestines. " 

Further  microscopic  examinations  revealed:  ''Deposits  on  the  mitral  valve 
consisted  chiefly  of  connective  tissue  with  a  little  fiorin,  and  on  staining  did 
not  show  cocci.  A  slight  thickening  was  found  in  the  intima  of  the  artery  of  the 
Sylvian  fossa,  resembling  that  of  obliterating  endarteritis  or  the  earlier  stages  of 
arteriosclerosis. " 

We  were  dealing,  therefore,  with  a  disease  which  could  not  be  proved 
to  have  originated  through  rheumatic  or  septic  infection.  Possibly 
the  erysipelas  which  occurred  four  or  five  times  during  the  patient's 
youth  may  be  considered  in  the  etiology.  The  beginning  of  the  cardiac 
affection  could  not  be  traced  more  accurately,  for,  even  at  the  first  ad- 
mission, there  had  been  a  completely  developed  change  on  the  endo- 
cardium of  the  valves,  with  all  its  consequences.  The  valvular  symptoms 
varied,  especially  during  the  first  period  of  observation,  and  a  great  deal 
of  variation  was  also  noted  in  the  extent  of  the  cardiac  dulness,  which 
would  increase  and  then  again  decrease  in  length,  as  well  as  in  breadth. 
The  position  of  the  apex-beat  also  changed  accordingly.  The  dilatation 
of  the  ascending  aorta  was  discovered  during  the  course  of  the  first  year 
of  observation. 

The  narrowing  of  the  tricuspid  valve,  which  was  slight,  may  be  said 
to  have  had  rather  a  beneficial  effect.  A  venous  pulse  of  marked  character 
was  seen  at  the  neck  only  for  a  short  time.  The  heart  muscle  stood  its 
ground  for  a  comparatively  long  time,  and  this  possibly  was  the  reason  why 
the  frequency  of  the  pulse,  on  the  whole,  had  remained  so  low — ^naturally 
with  a  few  exceptions.  Therefore,  the  heart  had  been  granted  a  suffi- 
cient period  of  rest,  even  during  the  more  advanced  stages  of  the  disease. 
Even  when  the  terminal  pneumonia  developed,  the  pulse  rose  only  to  108, 
although  the  temperatinre  reached  41®  C.  (105.8®  F.). 

The  patient,  naturally,  was  not  spared  the  bronchial  catarrh  which 
is  common  in  these  cases,  though  it  was  comparatively  benign.  The 
lungs  of  the  yoimg  woman  were  not  extensively  changed,  and  they,  there- 
fore, aided  the  circulation  considerably.  Another  factor  in  this  connection 
was  the  impossibility  of  doing  any  kind  of  hard  work  and  the  consequent 
necessity  for  rest.  The  patient  remained  in  bed  a  great  deal  because  she 
could  not  do  otherwise,  and  during  the  bad  periods  of  her  disease  this 
rest  continued  for  months.  Our  nurses  then  took  care  of  her  household 
and  it  was  possible  in  this  manner  to  secure  appropriate  diet  for  her. 

Her  loss  of  nutrition  may  be  blamed  largely  upon  the  frequent  preg- 
nancies and  the  abimdant  hemorrhages  during  the  labors.  Her  children 
were  by  no  means  delicate  and  developed  well.  The  amyloid  degenera- 
tion of  the  intestines,  the  kidneys,  and  the  spleen  which  was  foimd  in 
the  cadaver  was  probably  referable  to  the  continuous  insufficiency  of 
nutrition  which  was  intimately  connected  with  the  losses  of  blood  (com- 
pare p.  259). 

Another  noteworthy  feature  of  this  case  was  the  fact  that  effusions 
into  the  subcutaneous  tissues  and  into  the  cavities  were  only  slight,  and 
were  scarcely  worth  mentioning  during  the  last  period  of  life. 

It  may  be  easily  imderstood  that  changes  in  the  valves  and  valvular 
orifices  which  were  the  result  of  previous  endocarditis,  with  their  sequels, 
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— hypertrophies  and  dUatations, — showed  their  effects  in  a  recurrence  of 
the  disease.  It  is  difficult  to  say  what  influence  this  may  have  upon  the 
composite  picture  of  the  disease,  but  it  may  be  stated,  in  general,  that 
the  balance  which  is  established  through  acquired  compensation  can  be 
disturbed  more  easily  than  when  the  heart  has  not  been  previously 
affected  by  endocarditis. 

Thus  the  results  of  simple  observation  at  the  bedside  show  that  after 
every  endocarditis  there  is  a  diminution  in  the  fimctional  capacity  of 
the  heart.  The  heart  muscle  itself  is  usually  injured,  but  we  cannot 
say  as  yet  exactly  in  what  manner,  for  the  reason  that  we  lack  sufficient 
anatomic  investigations  conducted  during  the  early  stages  of  the  disease. 

Ernst  Romberg*  reported  two  cases  in  which  he  examined  the  con- 
dition of  the  heart  during  the  early  stage.  He  found  inflammatory  and 
degenerative  processes,  hyaline  thrombi  in  the  smaller  branches  of  the 
coronary  arteries,  and  isolated  perineuritic  processes.  Nothing  special 
was  foimd  in  the  gangUa.  One  of  his  cases  developed  after  acute  articular 
rheumatism,  and  the  heart  on  examination  was  found  free  from  old  lesions, 
but  showed  a  verrucous  endocarditis  which  had  its  principal  seat  at  the 
mitral,  although  it  affected  to  a  lesser  degree  the  aorta  and  the  tricuspid. 
There  was,  in  addition,  a  total  synechia  of  the  pericardiiun — ^therefore 
practically  a  pancarditis.  In  the  second  case  there  were  slight  ulcerative 
changes  on  some  of  the  warty  excrescences.  In  this  instance  also  there 
bad  been  acute  articular  rheumatism,  combined  with  chorea,  inunediately 
before  the  endocarditis.  The  lesions  foimd  were  almost  identical  with 
those  of  the  preceding  cases,  except  that  the  pericardium  was  less  markedly 
affected  and  was  not  obliterated.  Changes  in  other  organs  which  could 
be  referred  to  sepsis  were  completely  absent  in  both  cases. 

Romberg  points  out  that  the  possibility  of  a  purely  functional  change 
in  the  myocardimn  cannot  always  be  excluded.  What  r61e  such  a  change 
may  play  must  be  decided  by  further  anatomic  investigations.  We  do 
not  taiow  whether  a  complete  recovery  may  not  occur  when  the  tissue 
changes  are  present  but  less  marked.  It  is  possible  that  in  spite  of  the  rich 
capillary  anastomoses,  the  thrombi  in  the  finer  divisions  of  the  coronary 
arteries  may  become  even  transiently  disturbers  of  the  circulation  in  the 
heart.  Nor  have  we  a  clear  insight  into  the  connection  of  the  nerves 
with  the  disturbances  of  the  heart  in  endocarditis.  May  not  bradycardia 
possibly  be  connected  with  changes  in  the  nerves?  All  questions  which 
relate  to  these  subjects  have  been  discussed  by  Romberg.  On  the  whole, 
I  agree  with  his  opinions,  and  cannot  here  enter  into  minor  differences, 
as  the  discussion  of  the  subject  belongs  to  myocarditis.  [In  some  cases  of 
bradycardia  with  degeneration  involving  His's  bundle  there  has  been 
endocarditis  continuous  with  the  former  process.  As  bradycardia  of 
the  heart-block  type  occurs  in  some  cases  of  sepsis,  it  is  probable  the  cause 
lies  in  an  extension  of  the  endocarditic  process;  the  conducting  fibers,  and 
not  the  nerves,  being  affected. — Ed.] 

RESPIRATION  AND  RESPIRATORY  ORGANS. 

The  respiratory  organs  are  subject  in  endocarditis  to  numerous  changes 
of  multiform  character.    These  lesions  extend  over  the  entire  respiratory 

*  "Ueber  die  Bedeutung  des  Herzmuskels  fdr  die  Symptome  und  der  Verlauf  der 
acuten  Endocarditis  und  der  chronischen  Klappenfehler/'  ''Deutsches  Archiv  ftlr 
klinische  Medicin/'  Bd.  liii  (1894),  S.  141. 
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tract,  beginning  from  the  larger  bronchi  and  ending  with  the  respiratory 
tissues  proper.  All  forms  of  inflammation  may  occur — the  superficial 
variety,  wMch  affects  only  the  epithelium,  may  be  present,  or  the  deep 
inflammation,  which  penetrates  into  the  framework  of  the  lungs.  There 
may  be  a  serous,  a  fibrinous,  a  hemorrhagic,  or  a  purulent  exudate,  the 
latter  destro3dng  the  surrounding  tissues.  The  lesions  vary  widely  in 
extent.  In  most  instances,  at  least  in  the  cases  in  which  pus  cocci  come 
into  play,  there  are  lobular  foci  which  affect  larger  areas  only  when  they 
coalesce.  The  invasion  of  pneumococci,  on  the  other  hand,  tends  to  pro- 
duce lobar  inflammations  from  the  start,  but  there  are  exceptions  to  this 
rule. 

The  pulmonary  affections  are  often  partial  manifestations  of  the 
general  (Usease,  and  there  may  not  be  any  local  focus  in  the  endocardium. 
If  such  a  local  focus  is  present,  then  large  numbers  of  bacteria  which  are 
lodged  therein  as  in  an  incubator  may  pass  into  the  circulation  and 
may  settle  in  the  lungs.  This  occurs  when,  as  usually  happens,  the  left 
side  of  the  heart  is  affected.  If  the  right  side  of  the  heart  is  affected, 
then  an  invasion  of  the  lungs  can  take  place  directly  from  there.  During 
these  invasions  fragments  of  thrombi  may  be  swept  along  with  the  bac- 
teria into  the  blood  current,  after  having  grown  upon  the  heart-wall, 
and  having  been  torn  off  by  the  circulatory  movement.  Simple  hemor- 
rhagic infarcts  or  larger  abbesses  may  arise,  according  to  the  nature  of 
the  embolus.  The  same  lesions  may  occur,  although  less  frequently 
on  the  whole,  as  the  result  of  thrombosed  veins  of  the  systemic  cir- 
culation. 

When  the  bronchi  have  been  primarily  involved  (this  is  by  no  means 
imcommon  in  the  more  severe  forms  of  sepsis)  and  when  the  catarrh 
involves  the  finer  tubes,  as  it  does  often  enough,  then  bronchopneumonia 
develops,  such  as  we  are  accustomed  to  see  in  connection  with  severe 
bronchitis. 

This  general  review  of  the  pulmonary  lesions  of  endocarditis  must 
suffice  here.  The  attempt  to  differentiate  the  various  forms  in  the  differ- 
ent cases  is  not  an  easy  task  and  belongs  to  the  bedside.  In  this  connec- 
tion we  must  speak,  however,  of  a  disturbance  of  the  respiration  which 
depends  upon  other  causes  and  is  so  frequent  that  it  is  necessary  to  con- 
sider it  in  detail.  I  shall  also  mention  a  few  observations  on  pulmonary 
affections  in  discussing  these  cases. 

The  fact  that  not  everything  is  as  it  should  be  with  the  respiration 
is  shown  by  the  pulse-respiration  ratio,  which  deviates  from  the  normal 
standard  of  4.5  :  1.  In  endocarditis,  in  both  the  severe  and  the  mild 
form,  there  is  frequently  a  change  in  the  quotient  P  ■*■  R  in  the  sense 
that  it  becomes  smaller  than  normal.  Let  us  quote  a  few  cases.  Some 
of  them  show  clearly  the  cause  of  the  diminution  of  the  quotient,  while 
others  do  not. 

A  man,  aged  thirty  years,  was  admitted  on  November  29,  1894,  with 
the  symptoms  of  a  diffuse  myelomeningitis.  During  the  further  course 
of  the  disease  an  aortic  endocarditis  developed,  together  with  signs  of  a 
general  sepsis  (see  case  XVIII). 

The  relation  between  the  pulse  and  the  respiration  was  abnormal,  even 
before  distinct  symptoms  developed  on  the  part  of  the  heart,  although 
the  rather  subnormal  temperature  had  already  come  to  be  irregularly 
distributed  during  the  day,  so  that  an  average  for  the  fifteen  da3n3  of  ob- 
servation was  as  follows:    Mornings,  36.9®  C.  (98.4°  F.);  afternoons, 
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37.23**  C.  (99.4**  F.);  evenings,  37°  C.  (98.6**  F.).  On  some  days  the 
evening  temperatures  were  as  low  as  36.6°  C.  (97.8°  F.).  The  relation 
between  the  pulse  and  the  respiration  appears  in  the  following  table: 


Date,  Dbcembeb,  1894. 

Frequency  op 
Respiration. 

Frequency  op 
Pulse. 

Ratio  ^. 

10 

22 

80 
72 
70 
87 
80 
78 
82 
75 
84 
75 
72 
78 
78 
84 
96 

3.6 

11 

12 

13 

14 

15 

16 

17 • 

18 

19 

20 

21 

22 

23 

24 

20 
18 
21 
15 
16 
18 
18 
24 
24 
21 
21 
21 
24 

3.6 
3.9 
4.1 
5.3 
4.9 
3.5 
4.2 
4.5 
3.1 
3.4 
3.7 
3.7 
3.7 
3.6 

It  will  be  seen  how  variable  the  quotient  in  question  was  in  this  case. 
At  first  it  was  smaller  than  normal,  then  it  exceeded  the  normal  standard 
to  a  certain  extent,  but  only  for  a  short  time,  and  findly  again  grew 
smaller.  There  was  no  irregular  fluctuation  from  day  to  day,  but  the 
change  always  extended  several  days  in  succession. 

Neither  from  the  behavior  of  the  temperature  nor  from  any  other 
symptom  can  we  gain  an  insight  into  the  effect  of  the  cardiac  changes 
from  this  case.  After  an  interval  of  a  year  the  patient  was  again  ad- 
mitted, on  February  15,  1899.  A  considerable  amount  of  disturbance 
in  the  function  of  the  spinal  cord  and  a  lesion  at  the  aortic  valve  had 
remained.  In  addition  to  the  renewed  local  disease  there  had  been  three 
attacks*  of  a  prolonged  and  diffused  septic  exanthem.  A  rise  of  tempera- 
ture was  observed  only  on  the  day  of  admission  (38.4°  C. — 101.1°  F.), 
but  otherwise  there  were,  on  the  whole,  subnormal  temperatures,  with  a 
rise  to  37.4°  C.  (99.3°  F.)  on  one  occasion  only.  The  distribution  was 
again  irregular.  The  average  for  three  daily  measurements  between 
February  16th  and  March  19th  was:  Mornings,  36.84°;  noons,  36.96°; 
and  evenings,  36.96°.  The  relation  between  the  pulse  and  the  respira- 
tion is  shown  in  the  table  on  p.  236. 

As  this  table  demonstrates,  the  ratio  is  here  again  below  the  normal — 
almost  always.  Very  small  variations  on  the  individual  da3rs  were  noted, 
especially  during  the  second  part  of  the  observation.  No  direct  connection 
between  this  ratio  and  the  other  symptoms  could  be  traced. 

Both  observations  teach  that  an  increase  in  the  frequency  of  the 
respiration  is  the  cause  of  the  altered  ratio.  The  frequency  of  breathing 
is  certainly  abnormal,  in  consideration  of  the  fact  that  the  patient  re- 
mained at  rest  in  bed  and  had  a  low  temperature.  During  the  first  period 
of  the  observation  there  were  20.6  respirations,  and  during  the  second 
period  there  were  19.5,  to  the  minute.  What  the  cause  of  this  accelera^ 
tion  was  could  not  be  determined. 
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Date,  1899. 


Frequency  op 
Respiration. 


Frequency  or 
Pulse. 


Ratio  -, 


February  16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

March    1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


21 
18 
19 
18 
18 
19 
18 
18 
19 
20 
19 
20 
19 
20 
19 
20 
21 
21 
20 
20 
20 
19 
20 
20 
21 
20 
20 
20 


81 
78 
72 
75 
81 
84 
81 
75 
72 
84 
75 
75 
69 
75 
72 
75 
75 
78 
78 
72 
69 
78 
69 
75 
75 
75 
75 
72 


3.9 
4.3 
3.8 
4.2 
4.5 
4.4 
4.5 
4.2 
3.8 
4.2 
4.0 
3.8 
3.6 
3.8 
3.8 
3.8 
3.6 
3.7 
3.9 
3.6 
3.5 
4.1 
3.5 
3.8 
3.6 
3.8 
3.8 
3.6 


On  the  other  hand,  the  increase  in  respiratory  frequency  which  was 
observed  for  a  time  in  case  IV  may  be  referred  to  disturbances  in  the 
muscular  activity.    There  was  in  this  case  a  distinct  although  mild  chorea. 


FiQ.  44. 


Fig.  45. 


The  involuntary  muscular  contractions  which  may  be  distinctly  seen  in 
the  respiratory  curve  (Figs.  44  and  45)  are  referable  to  this.  That  it 
affected  muscular  activity  is  certain. 

TTie  number  of  respirations  was  always  high  with  the  temperature 
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low;  during  the  period  which  includes  the  observations  recorded  above 
it  was  20  a  minute,  but  fluctuated  from  18  to  26. 

The  respiratory  curve  was  recorded  at  the  same  time  as  the  curve 
taken  in  Kg.  35;  in  other  words,  during  periods  of  very  irregular  heart's 
action.  Fig.  44  reproduces  a  number  of  respirations  in  their  natural 
size.  Fig.  45  shows  the  irregularities  in  the  curve  during  ascent  and 
descent  still  more  clearly  in  a  somewhat  enlarged  photographic  print. 
The  tambour  was  placed  under  the  ensiform  process. 


Fbequency 
OF  Respir- 
ation. 

Frequency 

OF  PnUBE. 

Ratio  ^. 

Temperature. 

Date,  1890. 

Minimum. 

Maximum. 

November  13 

27 
28 
30 
33 
36 
30 
20 
18 
20 
22 
27 
34 
30 
24 
24 
24 
23 
I          34 

!    U 
1    " 

84 
81 
84 
100 
96 
60 
70 
63 
66 
75 
82 
81 
84 
66 
81 
69 
69 
84 
90 
74 
75 

3.1 
2.5 
2.8 
3.0 
2.7 
2.0 
3.5 
3.5 
3.3 
3.4 
3.0 
2.4 
2.8 
2.8 
3.4 
2.9 
3.0 
2.5 
3.8 
3.5 
3.1 

37.0° 
37.4° 
37.7° 
37.8° 
37.8° 
36.6° 
36.8° 
36.6° 
36.7° 
37.3° 
37.5° 
37.6° 
37.0° 
36.6° 
36.8° 
36.8° 
37.4° 
37.4° 
37.0° 
37.0° 
36.9° 

38.0° 

14...- 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

December    1 

2 

3 

38.4° 
39.0° 
39.0° 
38.2° 
37.6° 
37.3° 
37.2* 
37.3° 
37.9° 
38.5° 
38.2° 
37.4° 
37.0° 
37.1° 
37.8° 
38.5° 
38.4° 
37.6° 
37.8° 
37.8° 

The  respiration  was  different  in  case  II.  The  table  shows  that  the 
frequency  of  respiration  became  very  high  from  November  13th  to  No- 
vember 18th,  that  it  diminished  on  the  19th,  and  so  continued  to  the 
22d|  and  that  it  again  increased  from  the  24th.  The  cause  was  the 
extremely  severe  muscular  pain,  which  became  almost  unbearable  at  any 
motion.  The  patient  was  actually  afraid  to  breathe,  and  the  respiration 
became  superficial  and  very  cautious.  The  number  of  respirations  di- 
minished at  once  when  an  improvement  set  in  on  the  19th,  while  it 
again  increased  when  the  patient  had  a  turn  for  the  worse  which  reached 
its  acme  on  the  24th. 

The  table  again  shows  that  the  diminution  in  the  quotient  P^-R  is 
essentially  caused  by  the  increase  in  the  frequency  of  respiration.  The 
temperature,  which  was  not  very  high,  did  not  have  any  appreciable 
effect  upon  this  ratio,  as  it  a£fected  both  factors  in  the  same  way.  I  may 
mention  only  that,  during  the  further  course  of  this  case,  there  was  no 
other  disturbance  in  the  ratio  than  was  seen  during  the  first  three  weeks, 
except  in  single  dskys,  in  spite  of  the  fact  that  there  was  a  complication 
of  nephritis  which  led  to  a  severe  uremia.  The  frequency  of  the  pulse 
had  increased  permanently,  the  respiration  varied  on  individual  days, 
but,  on  the  whole,  it  was  increased.  This  is  shown  in  the  following 
table: 
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Week  OF 

Frequency  of  Respibation. 

Ratio  |. 

D1BEA8B. 

Average. 

Maximum. 

Minimum. 

Remarks. 

1 

29 
25 
25 
22 
26 
27 
24 
26 
25 
26 
25 

36 
30 
34 
28 
28 
28 
26 
30 
34 
30 
27 

20 
18 
21 
18 
21 
24 
22 
22 
16 
22 
24 

2.9 
3.0 
3.1 
4.1 
4.2 
4.2 
4.6 
4.1 
4.6 
4.5 
5.0 

The  different  days  were 
noted  in  greater  detail 
in  the  table  on  p.  237. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

When  the  frequency  of  the  pulse  is  markedly  diminished  (brady- 
cardia), the  quotient  P-f-R  is  naturally  diminished,  unless  the  number 
of  respirations  simultaneously  decreases.  This  was  not  so  in  case  X,  as 
is  shown  by  the  following  table: 


^^"^ 

Respir- 
ation. 

Pulse. 

Ratio 
P 
R- 

March, 

1888. 

Minimum. 

Maximum. 

Remarks. 

9 

11 

12 

15 

16 

17 

20 
21 
21 
21 
21 
20 

72 
57 
48 
42 
48 
38 

3.6 
2.7 
2.3 
2.0 
2.3 
1.9 

37.0*» 
37.0*» 
36.7° 
36.8« 
36.8° 
36.8° 

37.2° 
37.2° 
37.1° 
37.2° 
37.3° 
37.4° 

No  special  fea- 
tures noted  in 
this  case  dur- 
ing   the    last 
part     of     the 
disease. 

The  number  of  respirations  remained  almost  the  same,  while  the  pulse 
sank  from  72  to  38.  The  temperature  continued  almost  at  the  same 
height. 

There  were  much  greater  variations  in  case  IX.  The  pulse,  which 
diminished  in  frequency  from  February  27th  (about  the  thirteenth  day 
of  the  disease),  was  at  first  not  followed  by  an  appreciable  change  in 
the  frequency  of  the  respiration,  which  was  quite  high  for  the  low  tem- 
perature, and  varied  between  21  and  24.  Then,  suddenly,  on  the  evening 
of  March  9th  (corresponding  approximately  to  the  twenty-third  day  of 
the  disease) ,  the  respiration  rose  to  34  and  36.  In  the  morning  no  changes 
were  noted,  and  the  pulse  varied  from  42  in  the  morning  to  58  in  the  even- 
ing at  rest,  while  it  reached  70  when  the  patient  got  up.  The  cyanosis, 
wMch  had  grown  more  marked  during  the  precedmg  week,  increased  still 
further. 

In  this  case  there  seemed  to  have  been  disturbances  in  the  respira- 
tory movements  which  were  produced  as  the  result  of  some  central  nervous 
changes,  for  pauses  were  noted  at  the  acme  of  inspiration.  There  were 
also  other  cerebral  symptoms:  slight  delirium,  which  did  not  correspond 
to  rises  or  sudden  changes  in  temperature.  The  bradycardia  continued 
for  a  long  time,  but  the  increased  frequency  of  respiration  lasted  still 
longer.  Subjective  respiratory  difficulties  were  added  to  these  from  time 
to  time. 
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From  the  history  of  case  V,  I  have  constructed  three  tables  which  are 
inserted  here.  Table  A  includes  the  first  ten  days  after  admission.  The 
signs  of  a  heart  affection  begin  to  develop,  the  lungs  seem  to  be  perfectly 
free,  and  yet  there  is  already  an  absolute  increase  in  the  respiratory  fre- 
quency and  a  distinct  diminution  of  the  quotient  F-»-R.  Table  B  begins 
in  the  middle  of  the  fourth  week  of  observation  and  lasts  to  the  middle 
of  the  fifth  week.  It  shows  that  the  frequency  of  respiration  is  still 
considerable  (average,  24.6),  but  is  lessened  in  comparison  with  the  first 
period  (average,  27.6),  in  spite  of  the  fact  that  the  affection  of  the  heart 
had  developed  further  by  this  time.  The  quotient  P-s-R  averaged  4.6 
and  was,  therefore,  greater  than  normal.  (^  some  days  this  figure  was 
exceeded  considerably. 

TABLE  A. 


Fbbqusnct 
OF  Respib- 

AHON. 

Frequbnct 

OF  PULBB. 

Ratio  |. 

Datb,  August.  1896.  . 

Minimum. 

Maximum. 

21 

37 
37 
30 
28 
20 
24 
26 
24 
26 
24 

120 
102 
88 
90 
60 
80 
90 
89 
100 
94 

3.2 
2.8 
2.9 
3.2 
3.0 
3,3 
3.5 
3.3 
3.9 
3.9 

40.P 
39.0« 
38.7^ 
38.0° 
37.6« 
37.8*' 
37.40 
37.4« 
37.40 
37.40 

40.2° 

22 

39.50 

23 

39.70 

24 

39.50 

25 

39.30 

26 

38.80 

27 

39.80 

28 

39.80 

29 

39.00 

30 

39.20 

Symptoms  observed  during  this  period:  Multiform  exudative  er^hema;  swell- 
ing and  painfulness  of  the  joints,  signs  of  endocarditis  beginning  with  the  twenty- 
fifth;  pain  on  pressure  of  the  thighs  beginning  with  the  twenty-sixth. 


TABLE  B. 


Fbequenct 
OF  Respib- 

ATXON. 

Frequency 

OF  PULAB. 

Ratio  ^. 

Datb.  Sbptbmbeb.  1896. 

Minimum. 

Maximum. 

15 

22 
24 
28 
28 
25 
23 
22 
25 

95 
112 
120 
125 
120 
118 
115 
102 

4.3 
4.7 
4.3 
4.5 
4.8 
5.1 
5.2 
4.1 

37.00 
38.10 
38.10 
38.20 
38.70 
38.70 
39.10 
38.40 

39.30 

16 

39.60 

17 

39.90 

18 

39.70 

19 

40.00 

20 

39.70 

21 

39.60 

22 

39.20 

Symptoms  observed  during  this  period:  The  affection  of  the  heart  was  more 
promment:  the  emaciation  increased.  Here  and  there  new  joints  and  bones  be- 
come involved. 

A  glance  at  the  figures  shows  that  the  increased  quotient  P-j-R  is  due 
to  the  increased  frequency  of  the  pulse.  Why  did  this  rise?  Certainly  not 
on  account  of  the  temperature,  which  was  much  higher  than  it  had  been 
during  the  first  i)eriod.    At  that  time  again,  from  some  undiscoverable 
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cause,  the  frequency  of  the  pulse  was  comparatively  low,  at  least  at  the 
beginning. 

TABLE  C. 


Frequency 
OF  Respir- 
ation. 

Frequency 
OP  Pulse. 

Ratio  |. 

Temperature. 

Date,  Octobeb,  1896. 

Minimum. 

Maximum. 

23         

44 
42 
44 
42 
48 
46 
48 
54 
48 

140 
134 
136 
134 
132 
132 
135 
132 
140 

3.2 
3.2 
3.1 
3.2 
2.8 
2.9 
2.8 
2.4 
2.9 

37.0° 
37.1° 
37.0° 
37.5° 
37.9° 
37.6° 
37.9° 
37.3° 
37.9° 

38.5° 

24 

38.6° 

25             

38.6° 

26 

38.8° 

27 

38.7° 

28 

38.8° 

29 

39.0° 

30 

39.0° 

31 

38.6° 

Sjrmptoms  observed  at  that  time:  On  the  twenty-fifth  cough'  on  the  thirtieth, 
foci  in  various  parts  of  the  lungs;  dulness,  crepitant  rAles,  ana  finally  bronchial 
breathing. 

Table  C,  from  the  beginning  of  the  second  month  of  the  observation, 
shows  once  more  a  marked  increase  in  the  frequency  of  respiration,  to- 
gether with  the  distinct  diminution  of  the  quotient  P-^R,  although  the 
frequency  of  the  pulse  also  had  become  increased.  The  reason  is  easily 
discerned:  Foci  were  developing  in  the  lungs,  which  steadily  increased 
the  frequency  of  the  breathing.  I  may  note  here  a  case  in  which  there 
was  also  a  pulmonary  affection  which  assumed  the  type  which  is  very 
often  seen  in  the  course  of  severe  protracted  cases  of  endocarditis,  and 
which  often  enough  leads  to  death. 

Case  XIV. — A  girl,  aged  twenty-two  years,  died  on  July  17,  1894.  She  had 
complained  of  pains  in  the  limbs  since  1882,  when  first  seen  in  the  dispensary.  At 
that  time  the  neart  had  already  become  affected.  Relapses  occurred  as  follows: 
1883:  Mitral  disease,  chiefly  insufi&ciency,  was  distinctly  marked^  The  attack 
lasted  for  a  considerable  time,  but  was  not  very  severe.  1888:  A  mild  attack.  1889: 
From  May  16th  to  July  12th  there  was  a  severe  attack  in  which  the  heart  was  severely 
involved.  There  was  pericarditis  with  a  considerable  effusion  of  fluid.  The  base  of 
the  triangle  measured  15  cm.,  its  height,  11  cm.  The  first  attack  in  that  year,  be- 
ginning with  May  20th,  was  followed  by  a  second,  which  was  less  severe,  but  was 
accompanied  with  a  renewed  effusion  into  the  pericardium  on  June  24th.  The  aorta 
was  also  involved.  On  the  left  side  there  was  a  considerable  effUsion  in  the  pleura. 
Later,  there  were  ill-circumscribed  signs  of  consolidation  in  the  right  lower  looe  and 
a  smiJl  pleuritic  exudate.  The  heart  muscle  was  markedly  damaged,  especially  in 
the  later  phases  of  the  attack.  The  temperature  repeatedly  rose  to  over  40°  G.  (104° 
F.).  The  last  rise  of  temperature  occurred  at  the  beginning  of  the  seventh  week  of 
the  disease. 

1890:  A  milder  attack,  lasting  from  December  16th  to  January  20th.  Insuffi- 
ciency of  the  aortic  valve  was  clearly  made  out  on  admission,  presentmg,  amonjg  other 
signs,  a  characteristic  **pul8iu  celer."  In  the  course  of  the  attack  pericarditis  oc- 
curred without  any  demonstrable  effusion.  There  were  temporary  attacks  of  heart 
failure.  The  temperature  rose  only  to  39.8°  C.  (103.6°  F.),  but  after  December  31st, 
there  was  no  more  fever.    Slight  relapses  occurred  in  July,  1890,  and  in  July,  1893. 

Last  admission,  from  July  2,  1894,  until  death,  July  17,  1894:  The  nutrition  of 
the  patient  was  very  much  impaired  as  compared  to  her  former  condition.  The 
affection  of  the  heart  had  an  evident  effect  upon  the  distribution  of  the  blood. 

Heart  Outline, — Above,  the  heart  dulness  was  at  the  lower  border  of  the  second 
rib.    On  the  right  side,  it  was  0.5  cm.  outside  the  right  sternal  border. 

The  apex-l^t  was  in  the  sixth  intercostal  space,  most  distinct  slightly  outside 
the  nipple  line,  but  very  diffuse.  The  dulness  extended  in  the  shape  of  an  arc, 
convex  outward  from  the  second  rib  to  the  region  of  the  apex.    Strong  pulsations 
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of  the  thorax  with  each  movement  of  the  heart,  the  impulse  extending  throughout 
the  area  of  dulness  and  its  neighborhood.  The  closure  of  both  aortic  and  pimnon- 
ary  valves  was  palpable. 

Au9cuUaHcn,--^e  region  of  the  apex:  a  loud  systolic  and  a  somewhat  weaker 
diastolic  murmur,  with  corresponding  thrills.  Aortic:  two  tones,  together  with  a 
diastolic  and  a  somewhat  weaker  systolic  murmur.  Pulmonary  valve:  a  svstolio 
murmur  resembling  that  heard  at  the  apex,  also  a  loud  diastolic  tone.  A  double  tone 
was  heard  over  the  crural  and  brachial  arteries.  A  systolic  jugular  pulsation.  The 
venous  pulse  of  the  liver  was  so  marked  that  a  sphvgmogram  was  easily  recorded 
from  the  considerably  enlarged  organ  (Fig.  46).    IViIsus  celer  irregularis. 

On  admission,  there  were  many  fine  and  large  moist  r&les;  expectoration  profuse, 
watery,  foamy,  slightly  red,  and  contained  a  few  red  blood-corpuscles;  there  was  a 
severe  hacking  cough  which  lasted  four  days.  There  was  an  effusion  in  the  left 
pleural  cavity, 'extending  to  the  angle  of  the  scapula.  Over  this  area  there  was 
diminished  r^piration,  which  extended  forward  to  Traube's  space,  which  was  filled 
with  fluid.    This  effusion  could  not  be  demonstrated  at  the  end  of  about  a  week. 

On  the  right  side  there  was  slight  diffuse  dulness  and  diminished  breathing, 
which  appeared  at  first  on  July  13th  in  the  region  of  the  scapula.  On  the  following 
day  this  dulness  became  more  marked,  extended  somewhat  more  upweurd,  ana 
could  not  be  defined  with  accuracy.  A  slight  dulness  was  also  noted  on  the  posterior 
aspect  of  the  upper  left  lobe.  Over  these  places,  on  both  sides,  there  was  diminished 
vesicular  breathing,  the  rftles  had  diminished,  and  the  expectoration  had  become  very 
slight.  The  local  manifestations  could  not  be  determined  with  the  same  accuracy 
during  the  next  few  days  which  preceded  death.  The  feeling  of  cardiac  anxiety  and 
diSicmty  in  breathing  varied  in  severity.  The  heart's  action  became  somewhat 
calmer,  but  the  edemas  increased.     Deatn  occurred  without  any  special  symptoms. 

The  following  were  the  chief  points  noted  at  autopsy  (ratholoeic  Institute: 
Dr.  Roloff):  "The  pericardium  was  exposed  to  an  extent  exceeding  the  size  of  the 
palm  of  a  hand.  It  was  firmly  adherent  to  the  adjoining  parts  of  the  lungs.  The 
.  apex  of  the  heart  extended  to  the  sixth  rib,  outside  the  mammary  line.  The  two 
layers  of  the  pericardium  were  closely  adherent  to  each  other  by  dense  adhesions, 
which  in  some  places  were  loose  and  edematous. 

"  The  heart  was  more  than  twice  as  large  as  the  fist  of  the  cadaver.  The  ventricles 
were  dilated  the  left  one  more  than  the  right.  The  mitral  valve  admitted  two  fingers, 
and  the  flaps  could  be  felt  adherent  to  each  other  and  projecting  into  the  lumen. 
Water  introduced  into  the  aorta  flowed  out  very  rapidly.  On  opening  the  heart  the 
mitral  valve  was  found  contracted  in  both  flaps,  and  the  line  of  closure  studded  with 
very  delicate  warty  structures.  The  tendinous  cords  were  not  markedly  thickened. 
A  circumscribed  patch  with  a  somewhat  roughened  surface,  but  without  any  real 
excresoenoes,  was  found  upon  the  posterior  aspect  of  the  aortic  flap,  near  the  ongin  of 
the  aorta. 

"The  aortic  valves  were  considerably  shortened,  their  borders  thickened  and 
studded  with  vemioosities.  There  was  no  narrowing  of  the  aortic  lumen.  Pulmon- 
ary and  tricuspid  valves  negative. 

'*  The  wall  of  the  ri^ht  ventricle  was  5  mm.  thick,  its  musculature,  on  the  whole, 
pale,  and  studded  with  mtensely  yellow  spots  which  were  especially  numerous  in  the 
paiMllaiy  muscles.  The  left  ventricle  was  11  mm.  thick,  and  its  muscular  structure 
flabby,  yellowish-red,  and  in  many  places  showed  dull  yellow  spots  with  indistinct 
outlines.  The  coronary  arteries  were  dilated  and  thin  walled.  A  number  of  small, 
rounded,  white  thrombi  were  found  in  the  right  auricle,  among  the  pectinate  muscles. 

"  The  lungs  were  distended,  and  adherent  to  the  chest-walls,  especially  in  their 
lower  and  lateral  aspect.  The  left  lung  contained  air,  but  was  slightly  increased  in 
consistence.  Its  lingula  was  bluish-ied  and  somewhat  tough.  The  pulmonary 
tissue  was  dark-red,  very  rich  in  blood,  and  on  pressure  exuded  an  abundant  amount 
of  foamy  fluid.  The  oronchial  mucous  membrane  was  swollen,  reddened,  and 
covered  with  bloody  mucus.  The  branches  of  the  pulmonary  artery  containea  fluid 
blood;  including  the  branches  leading  to  the  lingula.  The  airless  tissue  of  the 
lingula  was  partly  dark-red,  partly  grayish-red,  in  color,  and  appeared  distinctly 
granular  on  section. 

"The  right  lung  was  very  similar  to  the  left,  and  showed  a  marked  hyperemia, 
but  contained  air.  There  was  increased  consistence  and  edema.  The  anterior  half 
of  the  middle  lobe  showed  the  same  appearance  as  the  lingula  on  the  left  side,  and 
its  vessels  also  contained  nothing  but  fluid  blood. 

"There  was,  in  addition,  hyperplasia  of  the  spleen;  fatty  degeneration  of  the 
kidneys;  a  (^notic  and  jaundic^  'nutmeg'  liver;  congestive  catarrh  of  the  stom- 
ach; thrush  m  the  esophs^gus;  and  anemia  of  the  brain." 
16 
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The  bacteriologic  examination:  ''The  microscopic  investigation  of  smears  from 
the  warty  structures  on  the  endocardium  showed  a  few  diplococci  and  short  chains 
consisting  of  four  links.  No  bacteria  were  found  in  the  juice  of  the  spleen  nor  in  the 
infarcted  portion  of  the  lung. " 

On  admission,  there  had  been  edema  of  the  Imigs,  with  which  there 
could  have  been  infarcts  in  these  organs.  An  effusion  into  the  pleural 
cavity  which  was  not  inflanmiatory,  but  a  transudate,  was  the  next 
phenomenon  noted.  It  disappeared  rapidly,  however.  Finally,  about 
four  days  before  death,  a  consolidation  in  a  portion  of  the  right  lung 
appeared,  with  more  distinct  clinical  signs.  In  heart  disease  the  infarct 
formation  which  was  present  here,  in  addition  to  the  process  which 
plugged  the  branches  of  the  pulmonary  artery,  is  by  no  means  rare.  The 
fact  that  this  infarct  formation  arises  first  through  the  permeability  of 
the  capillaries  for  red  blood-cells  seems  to  point  to  nutritive  changes  in 
the  walls  of  the  vessels,  changes  which,  as  we  know,  may  be  induced  by 
a  slowing  of  the  blood  current.  This  sluggishness  of  the  blood-stream 
necessarily  follows  upon  heart  weakness,  and  the  latter  here  became 
distinct  enough  toward  the  end  of  the  patient's  life. 

The  marked  slowing  of  the  pulse  which  then  appeared  may  probably  be  referred 
to  central  causes,  but  we  know  from  experience  that  a  slowing  of  the  pulse  is  more 
frequent  when  there  is  fatty  degeneration  of  the  heart  muscle.  The  reason  for  this, 
however,  still  lacks  the  proper  explanation. 

An  important  feature  of  this  case  was  the  fact  that,  while  the  patient's  condition 
had  become  fairly  bearable  at  the  be^nning  of  the  last  attack,  yet  the  last  relapse, 
which  in  itself  was  mild,  became  extremely  severe  in  a  ver^  short  time  (compare  case 
III ) .    In  the  notes  of  the  history  which  were  made  on  adnussion  we  find  the  following : 

"The  patient  had  been  feeling  quite  well  since  last  winter,  but  during  the  last 
few  davs  she  complained  of  palpitation,  shortness  of  breath,  and  very  persistent 
cough. "  Fourteen  days  later  she  died,  and  her  death  was  certainly  due  chiefly  to 
heart  failure. 

The  following  table  shows  the  course  of  the  respiration  and  of  the 
pulse: 


Temperature. 

Date,  Jult, 

Frequency  of 
Rbspibatxon. 

Frequency 

OF  PUUBB. 

Ratio  =. 

1894. 

Iv 

Minimum. 

Maximum. 

3 

42 

120 

2.8 

37.9° 

39.0° 

4 

45 

120 

2.7 

37.8*' 

38.6° 

5 

44 

120 

2.7 

37.2*^ 

38.4° 

6 

39 

122 

3.1 

37.4*^ 

38.3° 

7 

36 

120 

3.3 

37.8° 

38.3° 

8 

39 

128 

3.3 

37.4° 

38.3° 

9 

38 

111 

3.0 

37.5° 

37.9° 

10 

42 

117 

2.8 

37.3° 

38.4° 

11 

44 

117 

2.7 

37.0° 

37.9° 

12 

44 

120 

2.7 

37.1° 

37.9° 

13 

45 

120 

2.7 

37.8° 

38.4° 

14 

50 

102 

2.0 

37.3° 

38.2° 

15 

Temperature 

Morning 

56 

104 

1.7 

37.2° 

Evening 

62 

92 

1.5 

36.2° 

16 

Morning 

60 

75 

1.3 

36.0° 

Evening 

42 

60 

1.4 

35.7° 

17 

Morning 

42 

60 

1.4 

36.2° 
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At  that  time  the  sjnnptoms  were:  A  profuse,  foamy,  slightly  bloody 
expectoration,  almost  purely  serous  in  character;  no  foci  in  the  lungs, 
but  circumscribed  catarrh.  On  July  6th  there  was  an  effusion  into  the 
left  pleura,  which  disappeared  on  the  14th.  Beginning  with  July  13th 
an  indistinctly  circumscribed  dulness  appeared  in  the  right  lower  lobe, 
accompanied  by  diminished  breathing.  This  area  of  dulness  varied  in 
extent,  but  was  never  sharply  circumscribed  until  death.  The  heart 
weakness  increased  gradually,  and  the  same  may  be  said  of  the  failing  of 
nutrition. 

The  tracing  of  the  venous  pulse  of  the  liver,  taken  on  August  7th, 
shows  how  long  the  heart's  action  continued  to  be  comparatively  vigorous. 


Fia.  46. 

It  is  no  easy  work  to  transmit  regular  pulsations  to  a  considerably 
swollen  liver  in  the  manner  shown  in  Fig.  46,  when  there  is  such  a  marked 
disturbance  of  the  mitral  valve,  and  such  an  extensive  insufficiency  of 
the  tricuspid.  The  sphygmogram  of  the  radial  artery  taken  five  days 
later  (Fig.  47)  does  not  indicate  a  marked  heart  weakness,  although  it 
shows  great  irregularities.  And  yet,  on  the  following  day,  the  onset  of 
consolidation  of  the  lungs  marked  the  beginning  of  the  end. 

The  cases  in  which  there  is  a  development  of  foci  in  the  lungs  as  the 
result  of  a  direct  localization  of  the  bacteria  of  sepsis, — those  in  which 
infarcts  form  in  the  lung  as  the  result  of  emboli  or  autochthonous  thrombi 
occurring  with  markedly  weakened  hearts,  and  those  cases  in  which  pleu- 
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risy  gives  rise  to  pain  or  effusion, — are  accompanied  by  disturbances  in 
respiration  which  are  far  more  easily  understood.  In  these  cases  the 
cause  of  the  respiratory  disturbances  is  the  diminution  in  the  available 
area  of  the  lungs,  or  their  diminished  expansion  consequent  upon  pain. 

In  its  ultimate  analysis  this  phenomenon,  however,  is  dependent  upon 
the  central  control  of  respiration.  It  is  possible  that,  in  the  cases  in 
which  such  mechanic  interference  cannot  be  demonstrated,  some  sub- 
stance generated  by  the  pus  cocci  themselves — ^let  us  say,  a  metabolic 
product  of  these  germs — may  directly  influence  the  respiratory  center. 
For,  whether  the  heart  be  regarded  as  the  chief  site  of  the  infection  or  not, 
the  respiratory  difficulty  is  present. 
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Dennig*  regards  all  our  caaes  as  instances  of  septic  infection,  arriving  at  this 
conclusion  as  tne  result  of  a  careful  anaWsis  of  our  histories:  ''As  re^irds  the 
respiratory  apparatus,  we  must  note,  in  the  &st  place,  that  the  breathing  is,  as  a  rule, 
considerably  increased  in  frequency,  and  that  this  increase  takes  place  independently 
of  fever,  inasmuch  as  we  find  such  increased  respiration  very  often  during  de- 
fervescence or  in  the  presence  of  very  slight  rises  of  temperature.  We  find  between 
30  and  40  respirations  per  minute,  or  even  more,  without  being  able  to  account  for 
this  frequency  by  percussion  or  by  auscultation.  In  other  cases  the  foci  we  are  able 
to  demonstrate  are  so  small  that  thev  alone  could  not  possibly  be  the  causes  of  the 
increased  frequency  of  breathing.  Nor  does  the  autopsv  give  a  clue  to  the  cause  of 
the  dyspnea.  Perhaps  we  may  nnd  here  and  there  small  nemorrhages  or  an  increased 
amount  of  blood  in  the  lungs.  In  other  cases  there  may  be  miliary  abscesses. 
To  this  last  class,  perhaps,  theliypothesis  advanced  by  Rohle  may  be  applied.  This 
author  thinks  that  the  increase  of  frequencnr  of  the  respiration,  without  any  dyspnea, 
in  the  strictest  sense,  is  probably  derivea  from  a  stimulus  carried  by  centripetal 
nerves.  This  stimulus  is  probably  exercised  by  the  numerous  tuberculous  eruptions 
upon  the  peripheral  fibers  of  the  vagus  in  the  lung.  We  know  that  a  certain  degree 
ot  stimulation,  when  applied  to  the  central  end  of  the  severed  vagus,  increases  the 
frequency  of  the  diaphragmatic  contractions  (Traube).  In  septicoi>yemia  the 
miliary  abscesses  play  the  same  r61e  as  the  tub^culous  eruptions  just  mentioned, 
and  thus  may  produce  an  irritation  of  the  peripheral  fibers  of  the  vagus.  In  those 
cases  in  which  a  negative  result  is  obtained  both  during  life  and  at  the  autopsy  we 
may  fall  back  upon  the  action  of  ptomains,  and  may  assume  that  the  products  of 
metabolism  of  the  bacteria  so  influence  the  respiratory  center  that  the  frequency  of 
respiration  is  increased. '' 

Littent  touches  briefly  upon  the  subject.  "The  phenomena  on  the  part  of 
the  respiratory  organs  were  not  very  prominent,"  but,  he  continues  further  on, 
"the  bronchial  catarrh  is  a  very  frequent,  almost  characteristic,  accompaniment 
of  septicemia."  He  considers,  however,  the  anatomic,  rather  than  the  diniod, 
conditions. 

Ernst  Rombergt  expresses  himself  as  follows  in  the  discussion  of  "acute  malig- 
nant endocarditis'  :  "The  respiration  is  usuallv  markedly  increased  in  frequency, 
probably  as  the  result  of  central  influences.  Subjective  dyspnea,  however,  is  not 
usually  noted.  The  marked  acceleration  of  the  breathing  is  but  comparativelv 
rarelv  due  to  extensive  infarcts,  pneumonias,  pleurisies,  or  to  a  pneumothorax  which 
develops  as  the  result  of  the  perforation  of  a  suppurated  infarct. " 

Therefore,  even  the  large  material  of  the  Leipzig  clinic  has  not  given  any  further 
clue  to  the  solution  of  this  question. 

The  conclusion,  therefore,  must  be:  When  a  disturbsuice  of  the  respira- 
tion occurs,  as  it  often  does,  in  an  endocarditis,  we  must  first  seek  a  reason 
for  it  which  may  explain  its  origin.  If  we  do  not  succeed  in  fiaiding  such 
a  reason,  then  we  are  permitted,  in  the  present  state  of  our  knowledge, 
to  think  of  the  direct  influence  of  the  germs  causing  the  disease — the  pro- 
ducts of  their  metabolism — upon  the  respiratory  center.  At  any  rate, 
this  must  remain  the  emergency  diagnosis  until  experiments  conducted 
imder  proper  and  perfectly  accurate  conditions  demonstrate  the  proof 
for  this  possibiUty. 

KIDNEYS. 

Disturbances  of  the  renal  function  occur  frequently  in  all  forms  of 
endocarditis.  They  are  caused:  (1)  By  septic  infection.  (2)  By  sub- 
stances which  are  carried  into  the  kidneys  from  the  left  side  of  the  heart, 
and  which  act  more  or  less  strongly  as  local  causes  of  disease.  (3)  By 
circulatory  changes  caused  by  the  heart  weakness. 

Although  this  is  the  general  synopsis  of  this  matter,  it  is  not  easy,  in 
fact,  impossible,  to  classify  ever3rthing  that  occurs  within  these  three 
groups.    He  who  does  not  care  to  be  schematic,  will  be  embarrassed  if 

*  "Septische  Erkrankungen,''  S.  122.  t  Loc-  cU-,  P-  450. 

t  ''Handbuch  d.  praktischen  Medicin,"  Ebstein  und  Schwalbe,  Ed.  i,  S.  978, 
Stuttgart,  Enke,  1899. 
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he  attempts  to  apply  this  classification  to  all 
cases.  It  is  better,  therefore,  to  bring  out 
the  facts  learned  by  observation,  and  to 
place  them  in  the  foreground. 

A  little  albumin,  and  possibly  a  small 
number  of  casts,  often  occurs  in  the  urine 
temporarily.  This  seems  to  be  an  occurrence 
common  to  all  acute  infectious  diseases.  We 
assume  that  the  excretion  of  smaller  or  larger 
quantities  of  substances  which  are  in  them- 
selves but  slightly  effective  produces  morbid 
changes  when  it  takes  place  through  the  kid- 
neys. High  fever  may  also  be  the  cause  of 
these  very  slight  and  temporary  changes.  In 
case  IX  the  affection  of  the  kidney  was  of 
somewhat  longer  duration.  The  urine  con- 
tained small  amounts  of  albumin  from  the 
second  of  March  (end  of  the  first  week  of 
treatment,  approximately  corresponding  with 
the  first  week  of  the  disease)  until  May  17th 
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(about  ten  weeks).  There  was,  in  addition, 
an  abundant  sediment  consisting  of  desqua^ 
mated  epithelia,  together  with  a  few  granular 
casts.  A  noteworthy  feature  was  the  fact 
that  the  daily  amounts  excreted,  which  at 
first  were  normal,  soon  began  to  diminish 
and  continued  to  be  low,  even  after  the 
albumin  had  completely  disappeared. 

Fig.  48  shows  this  diminution  in  the  amount  of 
urine  at  its  beginning.  During  the  first  six  days 
the  average  excretion  was  1150  c.c.  During  tne 
following  eleven  days  it  sank  to  636. 

The  specific  gravity  varied  preatly  at  first, 
and  fluctuated  between  1004  ana  1020.  In  the 
daily  amounts  collected  separately  for  each  day  it 
fluctuated  between  1025  and  1031,  although  no 
cause  could  be  assigned  for  this.  Until  May  8th, 
the  amounts  were  not  measured  daily,  but  from  this 
day  on  until  the  end  of  the  observation  (July  18th)  ^, 
the  amount  of  urine  excreted  daily  was  regularly  ^i 
measured.  g: 

Fig.   49   shows  how   the   normal   height  was        §' 
reached  gradually,  with  considerable  fluctuations. 
The   following  periods,  each  embracing  ten  days, 
gave  the  steadily  increasing  averages  shown  in  the  table; 
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Amount. 

May  8-17th 539  c.c. 

May  18-27th 550  c.c. 

May  28-June  6th 610  c.c. 

June  7-16th 730  c.c. 

June  17-26th 897  c.c. 

June  27-July  6th 1030  c.c. 

July  7-16th 1123  c.c. 

It  is  probable,  therefore,  that  there  was  a  renal  aflfection  here. 
The  prolonged  albuminuria  pointed  to  this,  in  spite  of  the  fact  that  it 
was  so  slight.  It  is  impossible  to  say,  however,  how  it  came  to  pass  that 
the  secretory  power  of  the  kidneys  was  limited — ^was  less  than  normal 
for  so  many  weeks.  We  must  remember  that  even  very  extensive  tissue 
changes  may  occur  in  the  kidneys  without  producing  any  effect  in  the 
urine.    The  case  reported  by  Litten*  demonstrates  thw. 

Edemas  (or  any  other  signs  which  might  point  to  a  renal  aflfection) 
were  absent.  When  the  patient  was  discharged,  there  were  no  signs  of 
renal  disturbances.  The  cardiac  lesion  gave  just  as  few  clues  to  its  ori^ 
as  the  general  infection.  There  were  some  slight  cerebral  disturbances, 
it  is  true,  but  these  could  not  have  been  of  great  importance. 

Case  II  teaches  us  (see  p.  198)  to  what  degree  recovery  can  take  place 
in  a  functionally  gravely  injured  kidney. 

Invasion  had  taken  place  from  the  tonsils,  in  which  there'had  been  phl^monous 
angina.  The  infection  took  place  slowly.  Signs  of  nephritis  appeared  almost  at 
the  same  time  with  the  peculiar  affection  of  tne  muscles  of  which  we  shall  speak 
further  on.  (See  p.  275.)  At  first  only  small  amounts  of  albumin  were  found, 
which,  however,  increased  rapidlv  and,  together  with  the  character  of  the  sediment, 
fihowed  the  involvement  of  the  kidney.  A  few  days  after  the  first  appearance  of 
the  albumin  there  appeared  formed  elements  in  addition  to  a  large  mass  of  disinte- 
grated tissue  (detritus),  viz.,  a  considerable  number  of  white,  and  a  small  number  of 
red,  blood-cells;  renal  epithelia,  either  free  or  packed  into  casts,  toother  with  many 
white  and  a  few  red  blood-ceUs.  On  that  day  the  amount  of  urme  was  1800  c.c, 
and  the  reaction  was  strondy  acid ;  the  specific  gravity,  101 2.  The  urine  was  cloudy, 
yellowish,  with  a  slight  redoish  tinge.  The  amount  of  albumin  was  11  grams  per 
Titer  (according  to  Esbach).  A  very  carefid  record  of  the  daily  amounts  of  the  urine, 
of  its  specific  gravity,  and  its  albumin  content  (according  to  Esbach)  was  kept, 
which  I  present  here  in  tabular  form: 


Daily  Amount. 

Specific  Gravity. 

Albumin  in  Per  Cent. 

Date. 

Maxi- 

MlKI- 

Aver- 

Maxi- 

Mini- 

Aver- 

Maxi- 

Mini- 

Aver- 

mum. 

MUM. 

age. 

mum. 

mum. 

age. 

• 

mum. 

mum. 

age. 

November 

14-30 

2200 

1100 

1680t 

1014 

1010 

1012t 

2.0 

0.2 

0.9 

December 

1-10 

1600 

1130 

1320§    1015 

1013 

1013 

1.2 

0.8 

0.9 

11-20 

1240 

600 

800 

1017 

1013 

1015 

2.5 

1.3 

1.8 

21-31 

January 

1-10 

1020 

430 

660 

1019 

1017 

1018 

3.4 

2.2 

2.6 

700 

230 

600 

1020 

1017 

1018 

5.2 

2.4 

3.6 

11-20 

1300 

600 

1000 

1019 

1016 

1017 

5.4 

1.9 

3.8 

21-31 

2400 

lt)80 

1700 

1016 

1015 

1015 

2.1 

0.8 

1.3 

Februaiy 

1-20 

2480 

1950 

2200 

1017 

1015 

1016 

1.0 

0.2 

0.6 

*  "Charity  Annalen, "  1880,  vol.  vii,  p.  162.     Reported  more  in  detail  in  my  work 
"Scarlet  Fever"  (see  this  series,  vol.  iv,  2,  p.  176,  etc.). 

t  Only  twelve  days  with  accurate  data,      t  Determined  only  for  fourteen  days. 
§  Only  seven  days  with  accurate  data. 
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This  table  shows  that  the  amount  of  urine  was  not  diminished  at  first. 
It  never  was  less  than  1000  e.c.  per  day  imtil  December  12th.  The  specific 
gravity  varied  about  1012,  and  was,  therefore,  quite  low,  a  fact  which, 
however,  may  be  attributed  to  the  lowered  nutrition  of  the  patient.  From 
December  13th  on,  the  amount  of  urine  diminished  considerably,  and  at 
the  same  time  the  specific  gravity  rose  somewhat,  although  not  very 
much.  During  the  period  between  the  first  and  the  tenth  of  January  it 
reached  the  minimum,  and  on  the  fourth  and  fifth  of  January  there  was 
almost  complete  renal  anuria,  which  is  not  expressed  in  the  table,  because 
the  figures  in  the  latter  apply  to  the  forty-eight  hours  of  these  two  days. 

Fig.  50  shows  the  fall  and  subsequent  rise  of  the  amount  of  urine. 


Quantity 

Dicflfnbir 

JlHL. 

ary 

i»0         : 

I-        ^" 

1 

"^       / 

r 

s 

HOT      f 

t     ^' 

fl 

M60 

I 

. 

/ 

liUO 

X 

It, 

aoQ 

\       - 

/ 

\ 

BDO 

n 

/ 

s 

/ 

«M 

/ 

AOQ 

■" 

^s. 

/ 

\ 

1 

\ 

IM 

i-U 

/ 

\ 

/ 

im 

t\      ~ 

...  y 

J 

\ 

f 

t» 

X-  } 

>\f 

i 

/\ 

/ 

J 

K 

/ 

m 

^  s^ 

\ 

/  ^ 

/ 

i 

f\ 

/ 

ud 

J 

V 1 

s^ 

\ 

^ 

-m 

A 

/ 

! 

440 

> 

' 

4ff 

, 

»»" 

_\ 

m    "^ 

ElO  _^ 

f 

\ 

iU'    t 

11' 

_LL 

^ 

1   1 

— 

_ 

Fio.  60. 


The  specific  gravity,  which  was  measured  daily,  varied  but  little, 
and  even  on  those  days  which  preceded  and  followed  the  anuria  it  did 
not  rise  above  1020. 

The  numbers  which  expressed  the  amount  of  albumixi.  naturally,  do  not  give 
more  than  a  faint  clue  as  to  the  actual  amount  excreted.  This  is  all  that  Esbach's 
method  can  be  expected  to  do;  a  method  characterized  by  Carl  von  Noorden*  as: 
"Esbach's  albuminometer  is  merely  a  toy."  On  one  of  the  days  when  the  amount 
of  albumin  was  very  high  the  percentage  obtained  upon  testins  accurately,  according 
to  the  directions,  was  4.6  per  cent,  by  Esbach's  method.  H.  Dreser,  who  at  that 
time  was  privatdocent  in  TObingen,  found  but  2.4  per  cent.,  by  means  of  a  gra- 
vimetric analysis,  which  he  kindly  made  for  me. 

The  only  undoubted  fact  which  I  wish  to  point  out  is  the  high  per- 
centage of  albumin  in  the  urine  in  this  case;  for  at  times  the  entire  urine 
in  the  test-tube  coagulated  in  the  ordinary  heat-test.  It  must  be  noted, 
also,  that  the  amount  of  blood,  which  increased  at  first  very  rapidly  in 
the  urine  passed  at  night,  always  was  smaller  than  that  excreted  during 
the  day.  In  order  to  compare  the  blood  in  the  night  urine  and  the  blood 
in  the  day  urine,  these  were  collected  from  noon  to  midnight  and  from 
midnight  again  to  noon.  This  difference  in  the  two  urines  disappeared 
after  the  eighth  of  December.  The  opposite  ratio  between  the  night 
urine  and  the  day  urine  was  observed  in  the  amount  of  albumin.  The 
*"Lehrbuch  der  Pathologic  des  Stoflfwechsels, "  S.  374. 
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amount  of  urine  excreted  did  not  differ  between  the  day  urine  and  the 
night  urine,  nor  did  the  specific  gravity. 

The  disturbances  in  the  kidney  manifested  themselves  as  follows: 
On  November  27th  there  was  a  plight  puifiness  of  the  face.  On  December 
21st  there  was  an  edema  of  the  skin,  which  extended  over  the  entire  body. 
On  January  6th  there  was  a  hydrothorax  on  the  right  side,  the  patient 
always  lying  on  that  side.  Uremic  symptoms  appeared  on  December 
17th  and  increased  slowly  in  severity.  At  first  there  was  only  severe 
headache  and  vomiting;  then  a  severe  attack  on  January  4th. 

The  patient,  who  had  fallen  into  a  deep  sleep  after  a  period  of  excitement  at 
midnight,  accompanied  by  severe  headache,  was  found  in  a  state  of  deep  coma  in  the 
morning.  His  head  was  bent  backward;  his  mouth  half  open;  his  eyes  firmly 
closed.  The  pupils  were  small  and  reacted  but  little.  Severe  cutaneous  irritation 
and  loud  shouting  did  not  produce  any  impression.  The  limbs  were  in  a  perfect  state 
of  relaxation.    The  plantar  reflexes  practically  absent.    The  temperature  on  the 


preceding  day  had  been  no  hl^er  than  37.5°  C.  (99.5°  F.),  but  rose  in  the  morning 
to  38.8°  C.  (101.8°  F.),  and  in  the  afternoon  at  4  o'clock  to  39.3°  C.  (102.9°  F.).  In 
the  evening  the  same  condition  continued,  but  seemed  more  threatening  on  account 
of  Cheyne^tokes'  breathing.  The  pulse  also  was  smaller,  weaker,  and  had  in- 
creased to  150  beats.    The  end  seemed  near. 

On  the  morning  of  January  5th,  however,  the  patient  awoke,  asked  inmiediately 
to  pass  urine,  and  passed  over  200  c.c.  The  temperature  had  also  fallen  to  37.4°  U. 
(99.3°  F.)  ana  did  not  rise  in  the  course  of  the  day.  The  patient  did  not  remember 
anything  that  had  occurred,  but  complained  only  of  pressure  in  the  head  and  was 
very  apathetic.     He  improved  in  every  way  toward  evening. 

Beginning  with  January  7th  the  patient  began  to  suffer  from  disturbanoea 
of  vision.  An  onhthalmoscopic  examination  bv  an  expert  (Dr.  Souchay,  ophthal- 
mologist) showed  the  following:  ''In  the  ri^t  eye,  the  neighborhood  of  th& 
papilm  is  quite  markedly  clouded.  The  papilla  itself  is  indistinct.  On  the  right  side 
and  below  the  latter  there  is  a  small  white  spot  from  which  smaller  white  dots  pass 
upward.  There  are  no  hemorrhitfes.  On  the  left  side  there  is  a  similar  picture. 
The  papilla  and  its  neighborhood  are  clouded  and  indistinct.  The  diagnosis  ia 
albuminuric  retinitis. " 

The  amount  of  urine  now  increased  rapidly  once  more.  The  headache 
and  vomiting  soon  ceased;  the  edema  disappeared  entirely  on  February 
2d,  and  no  traces  of  the  retinitis  could  be  found  on  March  3d.  The  con- 
valescence had  progressed  so  far  at  the  beginning  of  April  that  the  patient 
could  leave  his  bed  in  order  to  perform  light  housework.  In  the  beginning 
of  May  he  again  began  to  do  the  work  of  a  mason.  The  albumin  finally 
disappeared  from  the  urine  only  at  the  beginning  of  July. 

The  patient  died,  as  I  have  mentioned  before,  from  an  acute  atrophy 
of  the  liver,  on  February  4,  1892.  The  autopsy  showed  nothing  macro- 
scopically  that  would  point  to  the  presence  of  an  old  nephritis.  On  the 
other  hand,  on  microscopic  examination,  there  were  ''here  and  there  dis- 
tinct narrow  streaks  of  increased  interstitial  tissue,  residues  of  a  nephritis 
from  which  the  patient  had  recovered  some  time  ago."  There  was  no 
evidence  of  a  "contracted  kidney''  in  the  proper  sense.  There  remained, 
therefore,  but  very  insignificant  traces  of  the  severe  nephritis  through 
which  the  patient  had  passed. 

This  is  not  always  so,  and  in  case  X  the  patient  developed  a  mottled, 
contracted  kidney  in  the  course  of  about  two  and  a  half  years.  The 
following  may  be  noted  from  the  history  of  the  first  attack  in  this  case, 
lasting  from  February  2d  to  March  10,  1888: 

A  few  days  after  admission  there  were  already  traces  of  albumin  in 
the  urine.  Three  weeks  later  the  albuminuria  increased  and  niunerous 
red  cells,  a  few  white  cells,  some  granular  casts,  and  some  isolated  renal 
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epithelia  appeared.  The  organized  sediment  was  present  only  for  a  few 
weeks  in  considerable  amounts,  and  on  the  fifteenth  day,  after  the  al- 
bumin could  be  chemically  demonstrated  (Heller),  only  a  few  red  and  a 
few  white  cells  appeared  microscopically.  The  albumin  continued  to 
be  present  in  traces  until  May  25th  (the  eighty-second  day  from  the  be- 
ginning of  this  symptom),  and  from  that  time  on  did  not  disappear  until 
the  end  of  the  observation  (June  2d). 

The  great  variations  in  the  specific  gravity  on  the  individual  days 
in  this  case  were  noteworthy.  The  specific  gravity  varied  quite  irregularly 
between  1030  and  1005,  the  reason  not  being  apparent.  This  case  was 
accompanied  by  a  marked  bradycardia,  but  no  connection  could  be 
traced  between  the  specific  gravity  and  this  symptom  on  the  part  of  the 
heart.  The  endocarditis  in  this  instance  had  left  a  very  severe  compli- 
cated valvular  defect,  and  the  patient  suffered  a  relapse  in  the»  first  week 
of  January,  1889.    At  the  same  time  nephritis  appeared  once  more. 

Soon  (January  12th)  there  appeared  in  the  abundant  sediment  a  con- 
siderable number  of  red  and  white  blood-cells,  and  of  blood  as  well  as 
epithelial  casts.  The  amount  of  blood  began  to  diminish  on  January 
23d,  and  there  was  no  blood  on  February  12th.  The  casts  diminished 
in  number  beginning  with  March  3d,  but  hyaline  and  epithelial  casts 
were  still  present  at  the  close  of  the  observation  (May  8th).  The  specific 
gravity  varied  between  1011  and  1015.  The  amount  of  urine  varied 
between  a  maximum  of  2600  and  a  minimum  of  1000  c.c.  The  albumin 
(Esbach)  fluctuated  between  1.5  per  cent,  as  a  maximum  and  0.4  per  cent. 

Beginning  with  July,  1890,  the  man  became  permanently  bedridden 
and  was  treated  until  his  death,  which  occurred  on  August  20th.  Hyaline 
and  granular  casts  occurred  in  large  numbers  in  his  urine,  together  with 
white  blood-corpuscles,  but  without  any  red  blood-cells.  The  amount 
of  urine  varied  between  1500  and  1800  c.c;  the  amount  of  albumin  be- 
tween 0.5  and  1  per  cent.  I  do  not  give  more  accurate  figures,  as  we  were 
not  sure  whether  the  entire  amount  of  urine  was  collected  and  delivered 
by  the  somewhat  negligent  wife.  The  patient  died  of  "dropsy,"  which 
seemed  to  have  been  caused  both  by  the  heart  and  the  kidneys,  as  was 
also  shown  afterward  at  autopsy. 

The  autopsy  showed  (Pathologic  Institute,  Dr.  Troje):  Extensive  pericardial 
adhesions;  a  marked  hypertrophy  and  dilatation  of  both  ventricles.  Both  flaps  of 
the  mitral  were  thickened  fairlv  uniformly  andpartly  adherent.  A  lar^  number  of 
hard  nodules  could  be  felt  within  the  flaps.  The  aortic  valves  were  thickened,  cal- 
cified in  small  areas,  and  the  ri^ht  flap  was  adherent  to  the  middle  flap  for  a  short 
distance.  The  left  flap  on  section  was  found  to  be  thickened  to  the  extent  of  over 
4  mm.    The  heart  muscle  was  not  fatty  degenerated  and  was  light-brown  in  color. 

The  capsule  of  the  left  kidney  was  thickened  and  could  not  be  easily  stripped. 
The  surface  was  finely  ^anular,  mottled,  due  to  many  yellowish-white  islanos  of 
tissue,  of  the  size  of  a  ^m-head,  surrounded  by  a  network  of  contracted  portions  of 
dark-red  color.  The  kidney  measured  11  cm.  in  length,  5.8  in  its  widest  part,  and 
2  cm.  in  thickness.  On  section  the  cortex  above  was  4  mm.,  and  below,  only  2  mm., 
in  thickness.  A  speckled  appearance  was  seen  in  the  cortex  and  in  the  re^on  of 
Bertini's  columns,  owing  to  the  fact  that  there  were  also  yellowish-white  islands 
surrounded  by  reddish  areas.  In  the  region  of  Bertini's  columns  these  yellowish- 
white  foci  were  especially  numerous  and  close  to  one  another,  so  that  the  columns 
assumed  a  clay-yellow,  opaque  appearance,  in  contrast  with  the  rest  of  the  cortex, 
which  in  ^neral  appeared  to  be  grayish-red. 

The  right  kidney  was  11  cm.  long,  from  2.5  to  4.5  cm.  wide,  and  2  cm.  thick. 
On  section  the  cortex  was  fairly  evenly  6  nmi.  in  width,  and  approximately  the  same 
picture  was  found  on  the  left  side.    Ine  yellowish-white  foci  were  so  numerous  and 
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so  confluent  at  one  place  that  a  strip  of  infarct-like  appearance  was  formed  about  7 
mm.  long  and  from  2  to  3  mm.  wide. 

Microscopic  examination  (some  sections  were  examined  in  the  fresh  state;  others 
were  hardened  in  alcohol  and  stained  with  picrocarmin  and  hematoxylin,  Gram- 
Gtinther's  and  Weigert's  method.  They  were  taken  from  various  parts  of  the 
kidneys):  In  the  first  sections  it  was  found  that  the  portions  of  the  cortex  which 
had  appeared  whitish-yellow  in  color  to  the  naked  eve,  and  which  were  especially 
mark^  in  the  columns  of  Bertini,  always  containea  urinary  canals  in  a  state  of 
preservation,  but  the  epithelia  showed  a  marked  fatty  degeneration. 

On  the  other  hand,  in  those  portions  of  the  sections  which  had  appeared  red  to 
the  naked  eye  there  was,  for  the  most  part,  a  complete  destruction  of  the  kidney 
parenchyma  proper. 

The  same  was  found  in  the  stained  section:  the  columns  of  Bertini  and  the 
insular  portions  of  the  rest  of  the  cortex  showed  urinary  canals  lined  with  markedly 
granular  and  swollen  but  still  stainable  epithelia,  with  nuclei  that  still  could  take 
up  dye,,  and  which  contained  hyaline  casts  and  in  most  cases  were  found  to  be 
dilated,  especially  in  the  superficial  cortical  layers.  The  remainder  of  the  cortex 
was  transformed  into  connective  tissue  rich  in  cells  and  in  vessels,  in  which  the  more 
or  less  atrophic  shrunken  and  hyaline  glomeruli  were  often  arranged  closely  packed 
in  groups,  while  no  constituents  of  the  parenchyma  proper  could  be  recogmzed  in 
them.  The*  pyramids  seemed  to  be  altered  but  little.  Only  here  and  there  they 
showed  in  the  straight  tubules  a  marked  fatty  degeneration  of  their  epithelia. 
At  the  same  time  these  tubules  contained  a  large  number  of  hyaline  casts.  No 
micro-organisms  were  found  in  any  part  of  the  renal  tissue. 

There  is  no  doubt  that  an  acute  nephritis  in  this  ease  had  terminated 
in  contracted  kidneys.  The  possibility  that  an  interstitial  nephritis  had 
existed  from  the  onset  of  the  septic  infection  must  be  rejected,  on  account 
of  the  high  specific  gravity  of  the  urine  (1030),  which  continued  for  a  long 
time  during  the  first  part  of  the  disease,  and  was  present  at  a  time  when 
there  was  no  evidence  of  a  marked  cardiac  weakness.  Nor  was  there  a 
hypertrophy  of  the  left  ventricle  present  at  that  time. 

We  cannot  find  any  other  cause  than  septic  infection  for  the  disease 
which  affected  the  heart  and  the  kidneys  permanently,  involved  the  joints, 
the  bones,  the  pleura,  and  the  peritoneum  for  a  time,  and  even  produced 
foci  of  the  disease  in  the  peripheral  nerves.  The  absence  of  the  microbes 
which  originally  produced  the  disease  in  the  kidneys  of  the  cadaver  may 
be  easily  understood.  A  long  time  had  elapsed  after  the  germs  had 
entered  before  death  occurred  as  the  result,  not  of  a  fresh  infection,  but 
of  disease  in  the  already  damaged  organs — ^the  heart  and  the  kidnej^. 

Experience  teaches  that  a  renal  affection  may  occur  as  the  result  of 
septic  infection  and  may  become  dangerous  to  life  without  involving  the 
heart,  or  at  least  the  endocardium,  in  any  manner  that  can  be  demon- 
strated. 

Septic  nephritis,  which  morphologically  belongs  to  the  polymorphous 
anatomic  group  of  acute  nephritides,  is  clinically  distinguished  at  times 
from  that  form  of  renal  disease  which  we  regard  as  the  type  of  acute 
nephritis — ^namely,  the  nephritis  following  scarlet  fever.  And  we  must 
emphasize  especially  the  fact  that  this  type  of  nephritis  may  run  its  course 
almost  without  any  symptoms.  The  warning  signs  which  we  are  ac- 
customed to  see,  the  edemas,  the  s5rmptoms  belonging  to  the  kidneys 
proper,  such  as  sensitiveness  on  pressure  over  the  renal  region,  may  all  be 
absent.  Only  the  daily  examination  of  the  urine,  which  should  never 
be  neglected  in  any  case  of  fresh  endocarditis,  even  when  there  are  no 
signs  of  a  general  disease,  will  give  clues  as  to  the  condition  of  the  kidney. 
It  may  occur,  however,  that  no  urine  can  be  obtained,  and  then  every- 
thing may  remain  in  the  dark  until  the  autopsy.  This  occurred  in  the 
following  case: 
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Case  XV. — ^A  girl,  aged  seven  and  one-half  years.  Treatment  from  Februaiy 
6th  to  17, 1890.  Death  on  the  latter  date.  After  a  few  days  of  vague  symptoms  of 
illness  the  child  was  admitted,  complaining  of  pain  on  swallowing  and  on  moving 
her  head.  ''The  neck  is  also  stiff."  The  head  was  held  inclined  to  the  right,  and 
•every  movement  was  avoided  with  anxiety.  Both  active  and  passive  motion  in  all 
•directions  was  accompanied  with  severe  pain.  There  was  a  considerable  reddening 
and  a  dight  swelling  of  the  soft  palate,  but  no  membranes;  moderate  swelling  of  the 
cervical  glands. 

Massage  of  the  muscles  of  the  neck  was  given,  together  with  a  gargle  of  solution 
of  potassium  chlorate,  for  five  days,  when  tne  head  was  a^in  freely  movable,  and 
the  redness  and  swelling  had  disappeared.    The  child  was  dischar(^ed. 

She  was  re-admitted  on  Februarv  12th  with  a  bullous  erysipelas  of  the  face, 
diarrhea,  renewed  pains  in  the  neck,  but  the  movements  of  the  head  were  free  and 
swallowing  was  painless.  There  was  a  diminution  in  the  amount  of  the  urine  secreted 
and  only  a  few  aro^  were  passed  with  the  stools.  The  temperature  was  below  37° 
0.  (98.6^  F.).  During  the  night  of  February  14th  she  became  delirious,  but  in  the 
morning  had  a  little  stupor  but  was  not  unconscious.  She  complained  of  headache, 
and  since  the  thirteenth  had  been  vomiting  repeatedly,  with  severe  retching.  The 
diarrhea  continued.  There  was  severe  dysuria  and  only  a  few  drops  of  urine  were 
passed  with  a  great  deal  of  pain.  The  erysipelas  slowly  extended.  The  temperature 
on  the  evening  of  the  thirteenth  was  37.2^  C.  (98.9®  F.).  Otherwise  it  was  below 
37*»C.  (98.6*>F.). 

I  saw  the  child  for  the  first  time  at  noon  on  February  15th,  and  found  that  the 
erysipdas  had  begun  to  recede  in  the  portions  first  affected,  but  had  spread  over  the 
right  ear  to  the  posterior  aspect  of  the  neck,  showing  still  very  distinctly  the  zi^zae 
margins.  The  child  was  placed  upon  the  table  for  examination,  and  it  was  noticea 
that  she  held  her  back  ana  neck  rigidly.  Her  hands  groped  for  a  firm  support.  The 
legs  were  crossed  over  each  other,  rotated  inward;  the  feet  were  in  plantar 
flexion.  The  two  lower  lumbar  vertebrae,  and  these  alone,  were  sensitive  to  touch. 
Pressure  on  these,  either  from  the  back  or  from  the  abdomen,  produced  pain.  The 
reflex  irritability  was  diminished  on  both  sides,  especially  on  the  right.  The  patellar 
reflexes  were  completely  absent  on  the  right  side,  and  diminished  on  the  left.  Tick- 
ling the  soles  of  the  feet  had  to  be  repeated  frequently  before  a  reflex  could  be 
obtained.  Dorsal  clonus  was  indistinct  and  more  pronounced  on  the  left  than  on  the 
right.     Tachea  ciribrcdes  were  found  onl^r  on  the  thighs. 

Thepupils  were  dilated  without  giving  a  distinct  reflex  in  the  rather  dim  day- 
light. The  respiration  was  irregular,  sometimes  deep,  sometimes  shallow,  and  inter- 
rupted by  pauses  of  ten  seconds  each.  The  pulse  was  63  per  minute,  irregular  in 
both  strength  and  rhythm.  The  abdomen  was  uniformly  soft,  retracted,  and 
allowed  the  bodies  of  the  vertebrae  to  be  felt  distinctly.  There  was  nowhere  a  trace 
of  edema. 

The  child  complained  of  severe  headaches  and  vomited  repeatedlv  after  retching. 
There  had  been  no  stool  since  the  afternoon  of  the  fourteenth.  The  retention  of 
urine  continued.  In  the  evening  a  catheter  was  introduced,  but  only  a  few  drops  of 
«lear  urine  was  obtained.  On  this  occasion  it  was  noted  that  the  entrance  to  the 
vagina,  especially  the  mouth  of  the  urethra,  was  markedly  reddened  and  very 
pamful. 

On  the  sixteenth  she  had  a  movement  of  the  bowels  with  which  a  little  urine 
was  mixed.  The  stupor  increased,  the  vomiting  and  the  irregularity  of  the  pulse 
And  respiration  continued;  the  temperature  did  not  reach  36°  C.  (96.8°  F.).  In 
the  evening  it  was  only  35.2°  C.  (95.3°  F.).  Death  occurred  at  4  o'clock  in  the 
morning  on  February  17th  without  further  manifestations. 

The  autopsv  (von  Baumgarten)  showed:  "A  retrophar^mgeal  abscess  on  the 
right  lateral  wall  of  the  pharynx,  beginning  near  the  postenor  wall,  but  not  quite 
reaching  to  the  median  line,  and  corresponding  to  the  levels  of  the  second  and 
third  cervical  vertebrae.  The  left  tonsil  was  normal;  the  right  was  somewhat  en- 
larged, but  without  any  abscess  formation. 

"The  left  kidney  was  markedly  enlarged  and  its  capsule  easily  stripped  off.  Its 
surface  showed  marked  injection  of  the  stellulse  of  Verheyn,  in  addition  to  small 
-effusions  of  blood  here  and  there.  On  section,  the  kidneys  showed  a  great  contrast 
between  the  dark-red  pyramids  and  the  grayish-yellow  cortex,  in  which  there  were 
a  number  of  minute  points  of  intensely  yeUow  color  less  than  a  pinhead  in  size  in  ad- 
-dition  to  a  diffuse  cloudy  swelling.  These  had  their  chief  seat  in  the  region  of  the 
labyrinths.  There  were  also  seen  on  section  several  small  hemorrhages  in  the  cortex. 
The  oortex  was  distinctly  swollen  and  infiltrated  with  edema.  The  same  appearances 
were  seen  in  the  right  kidney. 
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"Microscopically  the  following  appearances  were  found  (preparations  stained 
with  picrocarmin):  The  epithelia  of  the  convoluted  tubules  were  very  markedly 
swollen,  cloudy,  and  in  some  of  them  necrosis  had  already  appeared.  In  addition 
to  the  inflammatory  edema,  there  were  also  numerous  cellular  infiltrations  in  the 
interstitial  tissue.  A  large  number  of  casts  were  found  in  the  tubules,  showing  that 
there  had  been  albuminuria.  Another  feature  was  a  very  marked  thickenme  of 
Bowman's  capsules  by  concentric  layers  of  spindle  cells  and  a  fairly  well-marked 
swelling  of  the  epithelium  of  the  glomeruli.  There  was,  therefore,  an  advanced 
parenchymatous  and  interstitial  nephritis,  with  considerable  involvement  of  the 
glomeruli. " 

Other  features  found  were  anemia  of  the  brain  and  of  the  spinal  cord,  edema  of 
the  brain,  ecch^oses  on  the  outer  surface  of  the  dura  which  actually  formed  a  path 
along  the  longitudinal  sinus.  The  heart  muscle  was  strikingly  pale  and  flabby  in 
the  nght  ventricle,  which  was  somewhat  dilated.    The  valves  were  normal. 

The  bronchisJ  glands  were  almost  totally  filled  with  old  caseous  foci.  The  lungs 
were  edematous,  but  showed  no  foci.  There  were  hemorrhages  in  the  somewhat 
large  spleen,  in  the  small  intestine,  and  more  prominently  in  the  colon.  In  the  latter 
there  were  idso  two  abscesses,  a  little  larger  than  peas,  near  the  ileocecal  valve. 
Microscopically,  numerous  chains  of  cocci  were  found  in  the  fresh  pus  from  the 
retropharyngeal  abscess.  Cultures  proved  that  these,  as  well  as  the  bacteria  ob- 
tained from  the  erysipelatous  skin  and  the  blood  from  the  kidney,  were  true  pus  cocci, 
corresponding  to  the  type  of  Streptococcus  pyogenes. 

The  clinical  picture  in  this  case  was  not  properly  interpreted.  I  had 
thought  of  tuberculous  meningitis  at  the  base,  combined  vrith  erysipelas, 
but  could  not  make  a  definite  diagnosis.  The  retropharyngeal  abscess 
did  not  manifest  its  presence  on  account  of  its  position.  The  fact  that 
a  severe  nephritis  was  probably  present  was  recognized,  but  no  decision 
was  reached  in  the  absence  of  an  examination  of  the  urine,  which  could 
not  be  made,  inasmuch  as  no  urine  was  obtainable.  The  signs  of  involv- 
ment  of  the  central  organs  may  be  attributed  without  difficulty  to  uremia, 
or  else  may  be  simply  interpreted  as  effects  of  septic  infection,  which  at 
that  time  were  but  imperfectly  known  to  me.     (See  below,  p.  259.) 

The  urine  in  these  cases  resembles,  in  general,  that  of  acute  nephritis 
arising  from  other  causes;  blood,  albumin,  sometimes  organized  elements, 
such  as  casts  and  epithelia  from  the  tubules,  etc.,  are  present.  Even  the 
course  of  the  nephritis  is  similar,  so  far  as  it  may  be  determined  from  ex- 
amining the  urine.  At  first  there  is  a  diminished  amount  with  increased 
specific  gravity.  Earlier  or  later,  according  to  the  severity  of  the  infection, 
but  in  all  cases  at  some  stage,  the  amount  gradually  increases  after  one 
or  more  weeks,  while  the  specific  gravity  again  diminishes.  The  blood 
disappears  earlier  than  the  albumin  and  the  casts. 

At  what  stage  of  the  disease  does  nephritis  super\'^ene?  This  does  not 
seem  to  be  subject  to  a  definite  rule,  but  seems  to  depend  upon  the  sever- 
ity of  the  infection  or,  more  correctly,  perhaps,  upon  the  amount  and 
character  of  the  substances  which  pass  through  the  kidneys.  In  case 
XI  the  signs  of  nephritis  had  fully  developed  as  early  as  the  third  day  of 
the  disease,  and  were  found  on  urinary  analysis.  Beginning  with  the 
twenty-seventh  day,  however,  nothing  was  to  be  found  in  the  urine, 
which  was  examined  for  a  period  of  seven  weeks  afterward. 

An  even  course  ending  in  recovery  is  most  frequently  seen.  In  such 
cases  the  kidneys  heal  completely,  or  are  left  with  such  slight  disturbances 
as, do  not  essentially  affect  their  function  (example,  case  II).  No  definite 
statement  can  be  made  as  to  the  frequency  of  these  mild  cases,  for  the 
number  of  observations  is  not  sufficient,  but  it  seems  to  me  that  the  fre- 
quency of  nephritis  varies  at  different  times.  Further  experience  is 
necessary  to  establish  this. 
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I  should  like  to  note,  however,  that  a  nephritis  which  has  by  no  means 
passed  away  may  become  worse,  even  after  the  renal  affection  had  reached 
its  acme.    This  was  the  case  in  the  following  instance: 


Case  XVI. — A  girl,  nineteen  years  old.  Admitted  February  12,  1803.  In 
December,  1891,  she  had  had  an  attack  of  migrating  erysipelas,  to  which  was  added  an 
ulcerating  stomatitis,  and  later 
a  nephritis.  She  was  treated  in 
the  medical  clinic  for  almost 
seven  weeks.  She  did  not  seem 
to  be  Quite  as  well  as  formerly 
after  tnat  time.  On  February 
5,  1893,  she  suffered  from  gen- 
eral malaise  immediately  pre- 
ceding her  menses,  which  were 
accompanied  by  severe  pains  in 
the  abdomen.  There  were,  in 
addition,  severe  pains  in  the 
limbs,  which  impelled  the  pa- 
tient to  ask  admission  to  the 
hospital. 

On  admission,  she  showed 
an  extensive  and  exquisite  sen- 
sitiveness to  pressure  in  the 
bones  of  the  upper,  as  well  as 
in  those  of  the  lower,  limbs,  the 
ribs,  and  the  cervical  vertebrae. 
In  the  latter  she  also  suffered 
spontaneous  pain.  There  was  a 
slight  swelling  in  the  ankles. 
The  muscles  o?  both  extremities 
and  over  the  cervical  vertebrse, 
as  well  as  the  skin  over  the  chest 
and  the  entire  abdomen,  were 
verjrpainful  to  pressure. 

The  sensorium  was  free. 
There  were  clonic  contractions 
of  the  whole  body  every  two  or 
three  minutes.  The  area  of 
cardiac  dulness  extended  from 
the  fourth  rib  above^  and  was 
limited  on  the  right  side  by  the 
median  line  of  the  sternum. 
The  apex-beat  was  in  the  fifth 
intercostal  space  at  the  mam- 
mary line.  The  heart's  action 
was  excited;  the  tones  very 
faint,  but  clear.  The  urine  was 
reddish-black  in  color,  contained 
about  0.2  per  cent,  of  albumin, 
numerous  red  blood-cells,  epi- 
thelia,  and  casts.  The  temper- 
ature was  40.4*»  C.  (104.7*»  F.); 
the  pulse,  100;  the  respiration, 
30. 

F\x.  51  shows  the  temper- 
ature during  the  first  few  days, 
the  measurements  being  taken 
every  two  hours.  This  chart 
demonstrates  how  irregular  the 
distribution  of  the  temperature  was  over  the  twenty-four  hours,  and  how  the  tem- 
perature suddenly  fell  to  subnormal  on  February  18th.  This  subnormal  tempera- 
ture, however,  did  not  last  long.  Four  hours  later  (at  8  o'clock  in  the  evening) 
the  fever  had  again  risen  to  39.5°  C.  (103.1°  F.).  From  that  time  on  there  was,  on 
the  whole,  a  faU  of  temperature,  although  we  still  find  40.2°  C.°  (104.3°  F.)  on 
February  25th.      Between   February  28th  and  March  5th  the  fever  no  longer 
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reached  39°  C.  (102.2°  F.).  It  remained  low  in  spite  of  the  increased  intensity 
of  the  cardiac  symptoms;  on  February  26th  there  was  an  attack  of  oppression,  a 
feeling  of  fear,  and  a  fine  pericardial  friction  sound  rapidly  extended  over  the  cardiac 
area.    The  urine  also  showed  some  improvement  during  that  time. 

The  patient  was  tempted  to  get  out  of  bed  for  a  time  on  account  of  her  apparent 
improvement.  She  claimed  to  have  gotten  up  on  March  7th,  but  probably  it  was  the 
day  before.  At  all  events,  on  the  eighth  she  was  found  out  of  bea  by  her  sister,  who 
had  returned  home  unexpectedly. 

Her  indiscretion  did  not  remain  unpunished:  The  pains  in  the  bones  and  joints 
increased;  the  urine  showed  a  considerably  increased  amount  of  blood  and  a  larger 
number  of  casts.  Its  quantity  sank  to  below  500  c.c.  (minimum,  410).  Tlie  pulse- 
rate  increased  to  132  (the  maximum  during  the  two  first  weeks  of  observation  had 
been  112),  and  the  temperature  rose  to  40.8°  C.  (105.4°  F.).  It  was  only  banning 
with  March  19th  that  less  than  38°  C.  (100.4°  F.)  was  recorded.  The  exacerbation 
of  nephritis  was  of  shorter  duration.  Aa  early  as  the  fourteenth  the  amount  of  urine 
had  mcreased  to  1270  c.c,  and  the  amount  of  blood  and  organized  sediment  had 
grown  less.  At  the  beginning  of  April,  when  the  girl  considered  herself  cured  and 
was  discharged  from  the  hospital,  there  was  still  some  albumin  and  the  amount  of 
urine  had  increased  to  over  two  liters. 

There  are  still  other  diseases  of  the  kidneys  which  are  intimately 
related  to  endocarditis.  The  forms  of  nephritis  which  have  hitherto 
been  discussed  may  all  be  referred  to  the  general  effects  of  the  microbes 
of  sepsis.  These  forms  are  probably  essentially  the  result  of  infection 
by  substances  which  circulate  in  the  blood  and  are  eliminated  by  the 
kidneys — substances  which  are  not  organized,  but  are  poisons  derived 
from  the  metabolism  of  the  infecting  microbes.  We  must  distinguish 
from  these  the  forms  in  which  there  are  demonstrable  foci  in  the  kidneys. 
The  obvious  conclusion  is  that  in  these  forms  the  disease  is  not  the  result 
of  soluble  substances  in  the  blood,  but  of  bodies  carried  to  the  kidneys 
and  localized  in  them.  The  further  course  of  these  affections  depends, 
as  in  all  embolic  processes,  upon  the  size  of  the  mass  of  foreign  bodies 
present  and  upon  the  ability  of  these  to  produce  tissue  changes. 

From  the  clinical  viewpoint,  it  must  be  said  that  these  intruders,  on 
the  whole,  produce  far  less  severe  manifestations  than  do  absorbed  poisons, 
and  that  the  affections  of  the  kidney  to  which  they  give  rise  are  even  often 
overlooked.  There  is  a  reason  for  this,  namely:  the  fact  that  they  enter 
only  limited  portions  of  the  kidney.  Even  when  these  are  totally  de- 
stroyed, there  always  remains  enough  imaffected  tissue  in  the  gland  to 
continue  its  function  without  great  impairment. 

In  such  fulminant  cases  as  case  I,  it  is  hardly  possible  to  suspect 
bacterial  emboli  in  the  kidneys,  still  less  to  recognize  them.  (See  autopsy, 
p.  196.  In  this  case  there  were  streptococci.)  A  small  amount  of  aJ- 
bumin  and  a  few  red  blood-cells  may  appear  in  the  urine  and  may  be  found 
therein,  if  any  urine  can  be  secured.  Yet  we  cannot  conclude  anything 
definite  from  this  alone.  As  the  patient  in  case  I  passed  urine  and  feces 
involuntarily,  we  were  not  tempted  to  render  a  decision. 

In  case  XII  the  autopsy-findings  in  the  kidneys  were  as  follows: 

"Both  kidneys  are  rather  smaller  than  normal.  The  capsules  are 
easily  stripped.  On  the  surface  there  are  numerous  depressed,  yellowish- 
brown  patches,  which  on  section  prove  to  be  wedge-shaped,  dense,  yellow 
or  yellowish-brown  foci  which  stand  out  from  the  surrounding  regions 
but  are  not  surrounded  by  an  appreciable  zone  of  reaction.  Their  size 
varies  from  that  of  a  cherry-pit  to  that  of  a  cherry."  The  bacteriologic 
examination  in  this  case  showed  that  the  staphylococci,  which  were 
abundantly  present  in  the  endocardial  foci,  also  occurred  in  the  renal 
infarcts,  although  in  these  they  were  found  in  sparse  groups.    In  this 
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case  no  changes  could  be  shown  in  the  kidneys  during  life.  Although 
there  had  been  frequent  edemas,  especially  of  the  eyelids,  which  kept 
up  the  suspicion  of  a  renal  affection,  no  albumin  was  found  on  repeated 
examinations.    The  opposite  was  true  in  the  following  instance: 

Case  XVII. — A  woman,  aged  twenty-seven  years.  First  admitted  August  6, 
1889.  Death  January  30,  1890.  She  had  had  pains  in  the  limbs  since  1877,  with 
frequent  repetitions.  In  1878  changes  in  the  neart  were  found  at  the  Policlinic, 
viz. — mitral  insufficiency  with  slight  stenosis.  Later  on  there  were  aeain  pains 
in  the  limbs  and  joints,  and  the  heart  continued  to  trouble  the  patient.  (Statement 
of  the  patient,  who  lived  out  of  town  after  she  was  married.) 

On  admission  she  complained  of  palpitation  of  the  heart.  There  was  no  note- 
worthy increase  in  the  area  of  dulness.  There  was  a  loud  systolic  murmur  over  the 
apex.  The  diastolic  pulmonary  tone  did  not  seem  to  be  accentuated.  The  joints 
were  swollen  and  there  was  pain  in  the  abdomen;  nausea  after  eating,  and  con- 
tinued moderate  fever. 

Toward  the  middle  of  October  the  symptoms  increased  in  severity.  There  was 
a  septic  eruption,  and  extremely  severe  pains  in  the  right  arm,  the  thigh,  and  the  leg, 
in  the  diaphvses  as  well  as  in  the  epiphyses,  and  the  joints  were  slightly  swollen.  The 
heart  was  also  more  markedly  affected  at  that  time.  I  shall  quote  the  facts  which 
interest  us  here,  from  the  chnical  history: 

On  November  8th,  at  10  o'clock  in  the  morning,  the  patient  was  suddenly  seized 
with  the  most  excruciating  pain  in  the  abdomen.  She  was  very  much  excited,  very 
restless  in  bed,  and  could  not  bear  to  remain  in  any  one  position.  Soon  afterward  she 
vomited  three  times,  the  stomach  contents  colored  red  by  wine.  Then  followed 
sifjoB  of  collapse.  The  hands,  feet,  nose,  and  ears  grew  cold;  the  skin  was  covered 
with  cold  perspiration,  the  pulse  was  small^  easily  compre^ed,  (tifficult  to  count, 
numbering  about  120  to  130  beats;  the  respiration  rapid  and  shallow. 

The  pains  were  localized  especially  in  the  ileocecal  region  and  in  the  adjoining 
portions  of  the  abdomen,  but  they  radiated  from  there  toward  the  back.  The  pains 
diminished  after  an  injection  of  morphin  (0.02  gp.),  and  the  patient  fell  asleep  until 
evening.  On  November  9th  there  was  great  lassitude,  but  no  further  attacks  of  pain. 
Every  change  of  posture,  however,  was  avoided  on  account  of  the  fear  of  pain.  The 
abdomen  was  slightly  swollen,  and  on  palpation  the  ileocecal  region  was  especially 
sensitive,  althou^  there  was  also  pain  on  pressure  on  the  right  side  toward  the  back. 
The  pains  in  various  other  places  diminished  from  that  time  on  to  the  twelfth  of 
November,  but  the  region  of  the  right  kidney  was  painful  on  pressure.  The  patient 
had  the  first  movement  of  the  bowels  on  November  14th.  She  had  been  treated  with 
opium. 

On  October  18th  repeated  examinations  had  not  shown  albumin  in  the  urine. 
On  November  9th  albumin  was  found,  and  was  also  present  at  later  examinations. 
Regular  examinations  of  the  urine  were  not  made  after  that  time,  as  this  happened 
during  an  epidemic  of  influenza. 

On  November  16th  there  was  marked  strangury.  Urine  was  passed  in  copious 
amounts  only  after  warm  poultices  had  been  applied.  A  specimen  examined  con- 
tained a  sediment  of  urates,  in  addition  to  moderate  amounts  of  albumin,  but  nothing 
else. 

The  condition  grew  worse  during  the  following  weeks,  although  no  special  com- 
plications arose.  On  January  3,  1890,  the  patient  again  felt  sudden  severe  pains 
m  the  abdomen,  as  during  the  first  attack.  The  abdomen  was  swollen  and  sensitive 
to  pressure,  this  time  especially  on  the  left  side,  although  the  right  side  was  not  per- 
fectly free.    The  attack  was  shorter  in  duration  than  the  first. 

As  regards  the  urine,  it  was  noticed  again  on  January  26th  that  it  contained 
moderate  amounts  of  albumin.  No  blood  was  ever  found.  During  the  last  period 
of  life  the  emaciation  increased  more  and  more,  and  toward  the  end  there  were 
abundant  hemorrhages  into  the  skin.  There  was  always  fever  whenever  the  tem- 
perature was  taken.  During  the  last  weeks  this  was  not  done,  on  account  of  the 
epidemic  of  influenza  which  had  attacked  all  the  nurses.  The  fever  was  moderate 
and  its  maximum  was  39.7*>  C.  (103.4°  F.). 

The  autopsy  (von  Baumnirten)  showed,  in  the  first  place,  a  severe  old  lesion 
of  the  mitral  valve,  with  a  diffuse  fresh  endocarditis.  I  give  the  findings  of  the 
heart  in  full:  ''On  opening  the  left  auricle,  this  cavity  was  somewhat  dilated,  the 
epicardium  clouded  all  over,  and  the  auricular  appencCage  empty.  On  opening  the 
mitral  valve  there  appeared  a  diffuse  fibrous  thickening  of  the  flaps.  Their  free 
borders  were  thickened.    In  addition,  the  aortic  flap  of  the  mitral  was  adherent  to 
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the  posterior  flap.  At  the  line  of  closure  of  the  valve  there  were  a  large  number  of 
yellowish  nodular  excrescences,  partly  coalescent,  firmly  adherent  to  the  valve  tissue, 
and  organically  connected  with  it. 

"  The  auricular  wall  of  the  posterior  flap  was  covered  with  flat,  cauliflower  vegeta- 
tions which  extended  upward  over  the  line  of  closure.  The  adjacent  endocardium 
was  covered  with  fibrin-like  deposits  of  pin-head  size,  or  larger,  and  of  a  grayish-red 
color.  These  deposits,  however,  could  be  detached  from  their  underlvine  tissues 
without  visible  loss  of  substance.  Larger  masses  of  vegetations  arose  also  from  the 
inner  wall  of  the  auricle.  The  papillary  muscles  were  moderately  hypertrophic; 
the  tendinous  cords  were  markedly  thickened  and  shortened.  Hemorrhages  in  the 
endocardium  and  in  the  muscle  were  not  so  p^rominent  on  the  left  side  as  on  the  right. 
They  showed  in  many  instances  small  whitish  spots  or  striations  at  their  centers, 
more  clearly  on  the  left  side  than  on  the  right.  Longitudinal  sections  through  the 
muscle  also  showed  numerous  large  and  small  hemorrhages,  without  visible  white 
centers. " 

The  enlarged  spleen  contained  numerous  yellow  or  yellowish-red  infarcts,  some 
of  which  were  dry,  while  others  were  transformed  into  a  brownish-yellow  mass  of 
pus.    The  followmg  were  the  findings  in  the  kidneys: 

"The  left  kidney  was  auite  large  and  weighed  230  gm.  Its  capsule  was  easily 
stripped;  its  surface  smootn.  The  latter  showed  at  various  points  yellow  spots  of 
vanous  size,  with  8q[uare  or  rhombic  outlines,  which  on  section  were  found  to  be 
wedges  penetrating  mto  the  depth  of  the  kidney.  The  foci  were  whitish-yellow 
throughout,  and.  as  in  the  spleen,  were  without  visible  zones  of  demarcation. 

"Miliary  ana  submiliaiy  hemorrhages  without  whitish  or  yellowish  centers  were 
also  found  in  the  cortex.    The  trunk  of  the  renal  arterjr  was  open. 

"The  right  kidney  was  scarcelv  one-ouarter  as  large  as  normal,  and  weighed 
only  70  gm.  It  showed  distinct  embryonal  lobulation  and  was,  for  the  most  part, 
transformed  into  a  yellow  necrotic  substance.  The  renal  artery,  which  appeared 
larse  in  proportion  to  the  organ  as  a  whole,  was  completelv  plugged  by  some  grayish- 
rea  tissue.    On  transverse  section  the  obliterated  vessel  nada  flattened  shape. 

"  The  bacteriologic  examination  showed  the  presence  of  Staphylococcus  alous. 
This  was  the  only  ^rm  found,  and  it  had  cultural  peculiarities  which  corresponded 
perfectly  with  the  tissue  changes  that  appeared  on  microscopic  examination. 

"  Streak  cultures  from  the  endocardial  vegetations  grown  upon  agar  plates  were 
transferred  to  gelatin,  and  it  was  found  that  the  staphvlococcus  possessed  a  slight 
degree  of  peptonization  which  resulted  in  a  very  slow  melting  of  the  nutrient  gelatin. 

"The  markedly  thickened  valvular  edges  showed  an  extensive  necrosis,  which 
involved  the  adjoining  portions  of  a  tendinous  cord  that  happened  to  be  included  in 
the  section.  This  necrosis  was  manifested  by  a  total  absence  of  nuclear  staining. 
Large  masses  of  staphylococci  were  found  upon  these  necrotic  areas,  which  stained 
brownish-red  with  picrocarmin,  and  a  beautiful  blue  with  Gram-GQnther's  stain. 
Fresh  inflammatory  reactive  phenomena  on  the  part  of  the  chronically  inflamed 
and  indurated  valvular  tissue  were  completely  absent. 

"Even  the  infarcts  of  the  kidney  and  spleen  showed  only  a  slight  cellular  infiltra- 
tion, a  slight  chronic  productive  inflammation,  and  no  trace  of  a  demarcating 
suppuration  at  the  boundary  of  their  necrotic  areas,  which  were  characterized  by 
the  absence  of  nuclear  staininp^.  A  somewhat  more  marked  small-cell  infiltration 
could  be  demonstrated  in  the  immediate  neighborhood  of  the  larger  arteries  of  the 
infarcted  regions,  which  were  filled  for  considerable  distances  with  enormous  masses 
of  staphylococci.  The  biologic  phenomenon,  the  slight  peptonizing  property  in 
^latin  cultures  which  the  staphylococcus  manifesteo,  was,  therefore,  completely 
in  correspondence  with  the  slight  pathogenic  irritant  action  of  the  emboli  of  this 
coccus,  which  were  found  present  on  microscopic  examination." 

In  this  case  the  acute  symptoms  which  developed  suddenly  on  No- 
vember 8,  1889,  and  on  January  3,  1890,  were  in  all  probability  referable 
to  emboli  in  the  kidneys,  the  first  of  which  occurred  in  the  right  organ, 
the  second  in  the  left.  Both  attacks  were  accompanied  by  the  signs  of 
a  visceral  neuralgia,  together  with  marked  irritation  of  the  peritoneiun. 
It  is  true  that  during  the  first  attack  the  sensitiveness  on  pressure  was 
chiefly  localized  in  the  ileocecal  region,  and  was  only  clearly  present  in 
the  right  kidney  later  on.  But  then  it  was  more  marked  there  than  at 
any  other  point.  The  possibility  that  there  may  have  also  been  a  copro- 
stasis  cannot  be  denied.    Yet  it  is  very  rare  in  coprostasis  to  find  such 
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sudden  attacks  of  pain  of  such  exquisite  character  and  accompanied  with 
such  marked  symptoms  of  collapse. 

The  fact  that  so  extensive  an  embolus  as  was  found  in  the  kidney 
developed  irritative  effects  upon  the  peritoneum  of  this  region  is  probably 
dependent,  to  a  certain  extent,  upon  the  anatomic  relations  between  the 
right  kidney  and  the  peritoneiun  (the  right  Iddney  is  covered  by  peri- 
toneimi  at  its  upper  two-thirds),  as  well  as  upon  the  contact  of  the  kidney 
with  the  right  flexure  of  the  colon.  The  peculiar  property  of  the  staphylo- 
coccus which  was  the  infecting  agent  in  our  case,  and  which  did  not  possess 
the  quality  of  producing  severe  inflammatory  changes,  is  probably  re- 
sponsible for  the  fact  that  a  suppuration  of  the  kidney  did  not  occur,  but 
that  only  a  dry  necrosis  was  produced.  This  interpretation  is  supported 
by  the  events  during  the  second  attack.  The  same  symptoms,  but  less 
severe  in  character,  occurred,  and  the  tissue  changes  in  the  left  kidney 
were  less  marked. 

On  account  of  the  insufficiently  accurate  observations  which  were 
made  in  this  case,  for  reasons  that  have  been  cited,  it  was  uncertain 
whether  albumin  first  appeared  one  day  after  the  attack  of  November 
8th.  It  is  noteworthy,  at  all  events,  that  edemas  were  absent  to  the  last, 
in  spite  of  the  extensive  diminution  of  the  kidney  tissues,  and  in  spite  of 
the  fact  that  the  cardiac  activity  was  certainly  not  at  its  normal  level. 

So  far  as  the  temperature  is  concerned,  we  cannot  draw  any 
conclusions  as  to  the  time  when  the  kidney  emboli  developed. 

In  addition  to  these  facts,  gleaned  from  my  own  observations,  I  shall 
cite  here  some  data  given  by  some  prominent  investigators,  who  have 
thoroughly  studied  the  subject. 

Litten,  in  his  large  work  on  septic  diseases,  accurately  describes  the 
changes  which  occur  in  the  kidneys. 

It  must  be  clearly  understood  that  his  material  consisted  of  cases  of  acute  septic 
infection,  the  majority  of  which  had  developed  in  the  puerperium.  Among  his  35 
cases  there  were  23  women,  some  of  whom  had  had  abortions,  while  the  others  had 
labors  at  term.  Only  in  2  cases  was  the  cause  of  the  disease  imknown.  Litten 
found  endocarditis  in  22  autopsies.  Only  in  5  cases  were  the  remains  of  an  older 
endocarditis  present.     This  also  characterizes  his  material  as  unique. 

Litten  has  with  perfect  clearness  described  the  essential  changes 
which  sepsis  produces  in  the  kidney.  Of  these,  I  shall  note  as  especially 
interesting:  (1)  All  the  changes  that  go  on  in  the  kidneys  are  the  same 
whether  an  acute  endocarditis  accompanies  the  septic  infection  or  not. 
Metastatic  abscesses  in  the  kidney  occur  especially  also  in  the  latter  class 
of  cases.  Thus,  for  example,  in  cases  VIII  and  XIII  of  Litten's  table 
large  metastatic  abscesses  were  noted.  Bacteria  may  also  be  swept  into 
the  kidneys  and  be  found  therein  without  producing  any  changes  in  the 
surrounding  tissues.  *'It  is  often  astonishing  to  find  on  microscopic 
examination  that  large  capillary  areas,  especially  in  the  glomeruli,  are 
packed  with  bacteria,  while  there  is  not  a  trace  of  necrosis  or  inflammation 
in  the  tissues  involved."* 

(2)  "Interstitial  sclerotic  processes  are  found  very  early  in  addition 
to  the  diffuse  small-cell  infiltration." 

Weichselbaum  also  gives  accurate  data  concerning  the  anatomic 
and  bacteriologic  features  of  the  kidneys  (in  endocarditis).  He  found 
parench3rmatous  nephritis  in  six  cases  out  of  twenty-nine  fresh  suppura- 

*  Loc,  cU.y  p.  462. 
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tive  and  non-suppurative  infarcts,  as  well  as  old  ones,  and  in  one  instance 
also  purulent  cystitis  and  pyelitis.  On  the  whole,  his  findings  were  the 
same  as  those  of  Litten  in  that  form  of  endocarditis  which  was  not  char- 
acterized by  a  very  acute  invasion. 

Weichselbaum  records  no  less  than  18  cases  of  recurrent  endocarditis, 
11  of  which  were  anatomically  characterized  as  ''ulcerative."  But  the 
kidneys  were  involved  also  in  the  7  cases  of  verrucous  recurrent  endo- 
carditis. Possibly  it  was  not  an  accident  that  parench5rmatous  nephritis 
was  present  in  4  cases.  Suppurative  foci  or  bacterial  emboli  were  absent 
in  all  cases,  with  the  exception  of  that  which  was  accompanied  with 
cystitis  and  pyelitis. 

The  following  case  reported  by  Ebstein*  deserves  consideration:  A 
man,  aged  forty-two  years,  showed  symptoms  of  a  hemorrhagic  nephritis 
during  the  thirteenth  week  of  his  disease.  These  symptoms  increased 
within  the  weeks  following.  Four  days  before  death  it  was  still  found 
that  *Hhe  urine  showed  the  typical  changes  of  a  hemorrhagic  nephritis.'' 
About  fourteen  days  previously  there  had  been  a  condition  which  pointed 
to  uremic  intoxication. 

At  the  autopsy  there  was  no  sign  of  a  nephritis.  The  changes  which 
were  observed  in  the  urine  in  this  patient  must  have  been  due  to  a  hemor- 
rhagic diathesis  which  became  obvious  shortly  before  death.  Hemorrhage 
in  the  kidneys  could  not  be  proved  to  exist  with  certainty  on  macro- 
scopic examination  in  this  case.  The  author  does  not  mention  whether 
such  hemorrhages  were  present  in  the  renal  pelvis,  but  as  they  are  not 
spoken  of,  it  may  be  assumed  that  they  were  absent.  No  bacteria  were 
found  elsewhere,  not  even  in  the  heart.  The  case  was  one  of  endocarditis 
of  the  tricuspid  with  the  formation  of  an  aneurysm  and  rupture  of  the 
latter.  The  clinical  course  was  characterized  by  chills  which  occurred 
almost  daily,  and  by  elevations  of  temperature  which  were  sudden  and 
sometimes  very  marked.  This  case  is  probably  unique,  and,  in  my 
opinion,  is  still  somewhat  obscure. 

Rombergt  points  out  that  malignant  endocarditis  may  be  accompanied 
from  the  first  by  the  symptoms  of  a  subacute  hemorrhagic  nephritis, 
and  may  continue  thus  until  death.  "The  disease  begins  like  an  acute 
nephritis,  with  edemas,  uremic  symptoms,  scanty  urine,  albuminuria, 
and  at  first,  usually,  a  large  amount  of  blood  in  the  urine,  which  later 
grows  smaller,  together  with  large  numbers  of  desquamated  epithelia 
and  numerous  casts.  The  character  of  the  urine  and  the  edemas  may 
improve  for  a  time,  but  they  usually  continue  with  little  change.  The 
uremia  occurs  only  temporarily,  and  is  rarely  very  marked. 

**The  disease  is  distinguished  from  an  ordinary  nephritis  from  the  very 
start  by  the  fact  that  there  is  fever  almost  uninterruptedly  during  the 
entire  course  of  the  case,  the  temperature  usually  being  moderate  through- 
out; by  the  very  striking  softness  of  the  pulse,  and  by  the  anemia  which 
is  unusually  marked  even  for  a  hemorrhagic  nephritis.  In  two  of  my 
cases  a  palpable  tumor  of  the  spleen  led  to  a  correct  diagnosis.  When 
an  old  valvular  lesion  is  also  present,  it  may  lead  us  to  think  of  a  malig- 
nant endocarditis,  because  a  hemorrhagic  nephritis  is  not  usually  observed 
in  valvular  heart  disease  and  because  diseased  valves  are  known  to  be 
predisposed  to  malignant  endocarditis." 

* "  Beitrftge  zur  klinischen   Geschichte   der   Endocarditis   ulcerosa   maligna/' 
" Deutsches  Archiv  ftir  klinische  Medicin, "  1899,  Bd.  Ixiii,  S.  217,  case  B.  III. 
t  hoc.  cit,,  p.  981. 
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These  signs  are  certainly  not  very  positive.  When  there  is  nothing 
else  which  points  to  sepsis,  we  are  almost  sure  to  make  a  mistake  as 
regards  the  etiologic  diagnosis. 

The  changes  in  the  circulation  which  are  produced  by  the  heart  weak- 
ness naturally  also  affect  the  kidneys.  We  have  already  considered  in 
its  proper  place  the  effects  of  insufficient  cardiac  activity  as  such.*  It 
is  impossible  to  say,  at  present,  what  disturbances  are  due  to  sepsis  and 
what  changes  are  the  result  of  cardiac  weakness,  when  both  these  factors 
are  present  together^ 

Amyloid  degeneration  of  the  kidney  has  already  been  spoken  of  in  con- 
nection with  case  XIII,  in  which  there  had  been  a  prolonged  general  loss 
of  nutrition  resulting  from  frequent  pregnancies;  abundant  hemorrhages 
during  the  labors,  and  frequently  recurring  endocarditis.  Von  Baum- 
gartenf  is  inclined  to  consider  the  bacteria  of  sepsis,  through  the  medium 
of  their  metabolic  products,  as  the  causes  of  amyloid  degeneration.  In 
the  few  cases^-six  in  all — in  which  amyloid  degeneration  appeared  with 
endocarditis,  we  must  admit  that  no  other  cause  for  the  degenerative 
process  could  be  found.  I  must  leave  it  imdecided  here,  how  much  re- 
liance is  to  be  placed  upon  this  interpretation.  If  the  view  which  von 
Baumgarten  represents  is  correct,  that  chronic  anemia  is  not  capable  of 
inducing  amyloid  degeneration,  then  we  must  again  fall  back  upon  sepsis. 

The  pelvis  of  the  kidney  is  very  frequently  the  seat  of  more  or  less 
extensive  hemorrhages,  especially  in  the  severe  cases  with  rapid  course. 
But  these  hemorrhages  have  no  direct  connection  with  the  endocarditis. 
They  are  the  result  oif  sepsis. 
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I  have  grouped  these  two  classes  of  structure  together,  because  it  is 
not  always  possible  to  make  a  sharp  distinction  between  them  when  we 
seek  to  prove  the  origin  of  certain  phenomena  in  the  patient. 

The  brain  S5rmptoms  include,  in  the  first  place,  all  those  which  may 
be  attributed  to  the  general  infection.  Unquestionably,  these  include 
irritations,  and  paralyses,  delirium,  loss  of  consciousness,  etc.  It  is  not 
of  any  importance,  in  this  connection,  whether  or  not  the  endocardium 
is  also  involved.  Very  often  there  is  a  relation  between  the  cerebral 
symptoms  and  the  temperature,  but  this  cannot  always  be  demonstrated. 
In  studying  these  relations  we  must,  as  usual,  consider  both  the  absolute 
height  of  and  the  rapid  variations  of  the  temperature. 

The  patient  in  case  IX  showed  a  remarkable  dulness  of  the  sensorium, 
a  little  later  delirium,  and  several  days  later  severe  headache,  but  all 
these  signs  appeared  without  any  appreciable  variations  in  temperature. 
It  is  true  that  at  that  time  there  had  already  been  a  slight  albuminuria, 
but  there  had  been  no  sign  of  a  true  renal  affection.  The  same  was  true 
of  case  XI.  Such  transient  changes  are  frequently  seen  in  the  clinical 
histories,  and  may  be  considered  as  quite  common  occurrences.  No 
relation  between  the  cerebral  symptoms  and  the  temperature-curve  can 
be  noted  in  these  cases. 

*  See  my  treatise  on  "  Cardiac  Insufficiency"  in  the  present  work,  p.  129. 

t"Ueber  Amyloidentartung  nach  recurrirender  Endocarditis/'  von  Hugo 
Lippert,  TObingen;  dissertation  (presided  over  by  v.  Baumgarten),  1895.  Also: 
"Arbeiten  aus  dem  Pathologisch-anatomischen  Institute  zu  "nibingen,"  Bd.  ii,  3, 
Brunswick,  Harold  Bruhn.  1898. 
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The  same  is  true  of  the  more  markedly  developed  cerebral  symptoms. 
Even  when  such  severe  symptoms  as  occur  in  a  true  meningitis  appear  in 
these  cases  of  endocarditis,  they  may  again  subside,  and  the  patient  may 
regain  his  full  consciousness.  If,  however,  death  should  occur  in  the 
further  course  of  the  disease,  there  is  often  nothing  found,  at  least  with 
the  naked  eye,  except  edema. 

A  different  condition  of  affairs  obtains,  naturally,  when  the  pathogenic 
germs  which  are  responsible  for  the  disease  have  settled  in  the  brain. 
We  win  not  consider  the  diffused  surface  suppurations — meningo-en- 
cephalitis.  These  can  arise  undoubtedly  as  the  result  of  a  general  infectipn 
with  pneumococci,  which  may  also  produce  an  endocarditis.  Meningo- 
encephalitis may,  however,  be  the  result  of  infection  with  ordinary 
pus-cocci,  in  the  narrower  sense  of  the  word,  although  this  is  less  frequent. 

I  shall  not  dwell  upon  these  infections,  but  shall  speak  now  of  the 
cerebral  affections  which  are  immediately  related  to  endocarditis — that 
is,  of  those  produced  by  the  invasion  from  the  heart  of  thrombi  which 
contain  the  bacteria. 

Case  XII  furnishes  an  example.  The  patient  became  uncodscious  and  was 
found  by  her  bed  soon  after  she  haa  left  it.  The  unconsciousness  continued  only  for 
about  an  hour.  The  muscles  of  the  face  which  are  supplied  by  the  lower  branches  of 
the  facial  on  the  left  side,  the  left  arm,  and  the  left  leg  were  paralyzed.  The  cutane- 
ous reflexes  were  increased  in  the  leg.  The  sensibility  was  unchanged.  There  were 
no  disturbances  in  the  speech,  nor  could  any  influence  upon  the  temperature  be  noted. 
The  motor  power  was  restored  to  the  leg,  first,  as  usually  is  the  case,  and  later  on,  in 
a  less  marked  degree,  to  the  arm  also.  The  patient  improved  somewhat  more  slowlv 
than  usual,  but  still  the  paralysis  gradually  aisappeared.  On  November  7th  she  still 
felt  quite  well  subjectively,  but  in  the  ni^t  from  the  seventh  to  the  eighth  the 
patient  began  to  '*  babble  nonsense,  *'  and  tried  to  leave  her  bed  several  times  without 
any  reason;  she  erew  more  quiet  to^icard  6  o'clock,  although  she  did  not  respond 
when  she  was  called,  nor  did  she  understand  what  was  said  to  her.  She  passed  both 
urine  and  feces  involuntarily.  The  attending  physician  found  her  somewhat  somno- 
lent, but  she  could  be  aroused  from  her  condition.  The  same  state  was  noted  at  10 
o'clock.  "The  patient  reacts  but  slightly  when  called,  but  opens  her  eyes  and 
stretches  her  right  hand  toward  the  physician.  There  is  a  slight  ptosis  on  the  left  side. 
When  she  was  asked  to  look  at  a  finger,  she  followed  it  with  her  eyes,  but  the  rieht 
eveball  lagged  behind  the  left.  The  pupils  were  small  and  reacted  but  feebly  to  li^t. 
The  plantar  reflexes  on  both  sides  were  markedly  exaggerated.  The  patellar  reflexes 
were  lowered  almost  to  absence;  there  was  no  ankle-clonus.  There  was  marked 
hvperesthesia  of  the  skin,  especially  in  the  lower  extremities.  The  patient  com- 
plained of  acute  pain  when  a  fold  of  skin  was  raised. '' 

At  12  o'clock  "the  mtient  is  completely  unconscious,  and  reacts  neither  to  the 
voice  nor  to  pinching.  The  pupils  are  very  small,  the  left  is  somewhat  dilated,  and 
reacts  a  little  better.  Nystagmus. "  In  the  further  course  there  developed  complete 
paralysis  on  the  right  siae,  which  began  on  November  10th  and  involved  both  ex- 
tremities, as  well  as  the  muscles  of  the  face  supplied  by  the  lower  branches  of  the 
facial.  The  coma  was  so  deep  that  the  woman  did  not  even  notice  the  birth  of  a 
seven-month 's-old  fetus.  Contractions  in  the  arm  and  in  the  leg  on  the  left  side, 
Cheyne-Stokes'  breathing,  and  hiccup  from  that  time  on  until  aeath.  The  reflex 
irritability  varied  on  the  left  side,  but  on  the  right  it  was  almost  permanently  ab- 
sent. Trousseau's  phenomenon  was  continuouslv  present.  The  report  ot  the 
autopsy  has  already  oeen  given  (see  p.  224),  and  the  course  of  the  temperature  has 
also  been  noted. 

In  this  case  the  first  embolus  was  probably  comparatively  benign 
in  character,  for  no  inflammatory  changes  were  found,  but  only  softening 
in  the  internal  capsule  and  in  the  lenticular  nucleus.  The  second  embolus, 
however,  was  softened  by  suppuration  and  contained  numerous  staphy- 
lococci. An  extension  of  it,  however,  did  not  take  place  to  the  meninges. 
At  all  events  the  contrast  is  noteworthy:  As  the  result  of  the  first  em- 
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bolus,  the  very  short  general  effect  on  the  brain;  the  disappearance  of 
unconsciousness  after  a  few  hours,  and  the  clearly  developed  paralysis 
which  appeared  at  once.  As  a  result  of  the  second  embolus,  occurring 
seven  weeks  later,  the  cerobral  symptoms  increased  more  and  more,  the 
paralysis  appeared,  but  became  distinct  only  two  days  later. 

A  sudden  rise  of  temperature  did  not  take  place  immediately  after 
the  lodging  of  the  infected  embolus.  Monakow'*'  says,  in  speaking  on 
this  subject:  ''When  septic  emboli  occur,  we  naturally  expect  a  rapid 
rise  of  temperature  as  well  as  a  chill."  This  is  not  always  so,  however, 
for  in  a  second  case  of  cerebral  embolus  with  severe  endocarditis  observed 
in  the  Policlinic,  no  rise  of  temperature  was  noted  at  first,  but  two  days 
after  the  onset  of  the  attack  there  was  a  perceptible  rise.  In  both  cases 
there  was  a  postmortem  rise  which  reached  42.4*^  C.  (108.3^  F.)  in  the 
second  case,  and  continued  for  about  fifteen  minutes.  In  this  patient 
the  state  of  excitement  which  preceded  the  paralysis  was  still  more 
marked  and  continued  for  a  longer  time. 

We  know  less  concerning  the  condition  of  the  spinal  cord  in  endo- 
carditis. Pribramt  has  gathered  carefully  everything  recorded  in  litera- 
ture concerning  "spinal  rheumatism,"  including  all  that  belongs  to  the 
subject  now  under  consideration.  I  cite  the  following  history  which  bears 
on  the  subject: 

Case  XVIII. — First  admission  of  the  patient,  who  was  at  that  time  a  man 
aged  thirty  years,  on  November  29,  1894.  No  other  diseases  were  noted  in  the 
previous  history.  For  the  last  twelve  years  he  had  been  suffering  aknost  every 
spring  from  a  stiffness  of  the  joints  of  the  fingers  and  hands,  which  for  a  time  appeared 
swollen  and  covered  with  small  red  spots.  At  that  time  he  had  to  stand  in  water  a 
long  time  while  digging  trenches.  Tne  attacks  came  and  went  without  disturbing 
the  ability  of  the  patient  to  any  marked  extent. 

A  few  days  before  admission  the  "stiffness"  for  the  first  time  appeared  in 
the  knee-joints.  The  man  was  unable  to  work  any  longer.  In  addition,  he  had 
been  constipated  for  five  days,  according  to  his  own  statement,  and  had  had  fre- 
quent desire  to  urinate,  but  could  not  always  satisfy  it.  He  had  a  copious  stool 
after  a  dose  of  castor  oil.  Objectively,  there  was,  at  first,  only  a  slight  resistance  to 
flexion  and  extension,  and  pain  on  motion  in  both  knee-joints.  Passive  motion  was 
accompanied  by  unmistakable  resistance.  The  heart  and  lungs  showed  nothing 
abnormal.     The  temperature  was  subnormal,  and  did  not  reach  37°  C.  (98.6°  F.). 

On  December  5tn  there  was  stiffness  and  pain  in  both  ankles.  The  patient 
walked  about  quite  well  in  the  room,  although  in  a  somewhat  strained  position. 
The  patellar  reflex  was  marke<i,  even  on  slight  irritation.  He  could  stand  perfectly 
well  balanced  with  his  eyes  closed. 

On  December  7th  the  clinical  history  says:  "The  patient  claims  he  cannot  walk 
any  longer.  When  he  is  told  to  walk  his  gait  shows  marked  spastic  characters:  The 
toes  are  not  lifted  from  the  floor,  but  glide  over  it.  When  his  feet  are  not  quite  close 
together,  he  can  stand  fairly  firmly  with  his  eyes  closed. "  When  the  patient  was 
put  to  bed  once  more  after  this  test  he  showed  for  a  few  minutes  contractions  of  the 
muscles  of  both  thighs,  which  were  varied  in  intensity.  The  patellar  and  the  plantar 
reflexes  were  markedly  exaggerated.  There  was  hyperesthesia  of  the  skin  from  the 
umbilicus  downward.  The  pinching  up  of  a  fold  of  the  skin  was  characterized  as 
painful.  There  was  slight  contracture  of  the  muscles  of  the  thigh.  When  a 
cold  hand  was  laid  upon  the  thigh,  there  were  contractions  in  the  muscles  which 
increased  gradually  and  which  spread  also  to  the  opposite  limb.  The  same  was  seen 
when  the  reflexes  were  tested.  The  lumbar  spinal  column  was  quite  sensitive  to 
pressure. 

I  shall  briefly  summarize  the  chief  features  of  the  very  carefully  noted  course  of 
the  disease.  The  variation  in  all  the  symptoms  which  occurred  from  day  to  day  are 
especially  noteworthy.     On  testing  the  sensibility  for  the  first  time  (on  December 

*  "Gehimpathologie."  Nothnagel's  " Specielle  Pathologic  und  Therapie, "  Bd. 
ix,  1  Theil,  S.  832;  also  table  on  p.  864. 

t  See  Nothnagers  "Specielle  Fathologie  und  Therapie,"  Bd.  v,  1. 
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13th)  it  was  found  that  no  disturbances  could  be  demonstrated  above  a  line  which 
was  drawn  about  5  cm.  above  the  umbilicus.  Below  this  line  the  following  changes 
were  found: 

Sense  of  Touch. — Uncertainty  on  the  part  of  the  patient  as  to  whether  he  was 
touched  by  means  of  a  cotton  wad  or  with  the  sharp  or  the  dull  end  of  a  needle.  He 
is  conscious  of  the  wad  of  cotton  only  when  the  contact  is  more  forcible,  and  his 
impression  comes  later  than  normal. 

Sense  of  Location. — He  knows  quickly  and  accurately  where  the  point  of  a 
pencil  touches  his  skin,  but  less  accurately  when  he  is  touched  with  the  point  of  a 
needle.  Below  the  umbilicus  he  takes  a  distance  of  5  mm.  between  points  of  calipers 
for  a  single  point.  At  the  lower  part  of  the  abdomen  the  distance  between  the  pomts 
may  be  made  still  wider  without  changing  his  impression  of  a  single  point.  He 
recognizes  as  double  distances  of  110  nmi.  on  the  left  side,  and  150  mm.  on  the  ri^ht 
side,  on  the  skin  of  the  lower  extremities.  The  sense  of  pressure  seems  to  be  dimin- 
ished on  the  left  lower  extremity  as  compared  with  the  right. 

The  Temperature  Sense. — Heat  is  usually  correctly  recognized  on  testing  with 
tubes  filled  with  water  of  different  temperatiires.  Cola,  however,  is  more  frequently 
desigiated  as  heat. 

There  was  no  special  abnormality  as  regards  recognition  of  pain  on  pricking 
with  needles.  On  the  other  hand,  the  weakest  faradic  current  was  able  to  produce 
a  strong  sensation  of  pain. 

The  surface  temperature  at  both  sides  was  almost  the  same.  On  the  right  side 
it  was  33.8°  C.  (92.8°  F.) ;  on  the  left,  34°  C.  (93.2°  F.). 

Motor  Tests. — The  muscular  strength  of  both  lower  extremities  was  considerably 
diminished,  and  the  left  leg,  measured  at  different  points,  was  slightly  thinner  than  the 
right  to  the  extent  of  from  0.5  to  1  cm. 

Active  motion:  The  extended  legs  could  be  lifted  but  slightly  from  the  bed  by 
the  patient,  but  the  knee-  and  hip-joints  could  be  easily  flexed.  With  e^es  either 
shut  or  open  the  patient  was  able  to  describe  a  fairly  gooa  circle  in  the  air  with  his  left 
leg.  He  could  not  do  this  with  the  right.  He  was  able  to  touch  correctly  with  the 
heel  of  the  opposite  foot  any  accessible  spot  which  had  been  previously  touched, 
on  either  side,  with  his  eves  shut.  There  were  slight  and  transient  contractions  of 
the  muscles  of  the  legs  wnenever  these  tests  were  executed. 

Passive  motion:  Flexion  was  considerably  hindered  in  both  ankles;  extension 
was  not  interfered  with.  The  opposite  held  good  in  the  knees,  flexion  being  easy 
and  extension  diflicult. 

Abduction  was  more  difficult  than  adduction.  The  reflexes:  The  patellar  reflex 
on  both  sides  was  considerably  exaggerated.  The  reflex  of  the  tendo  Achillis 
could  not  be  obtained;  the  plantar  reflex  was  distinct;  the  cremasteric  reflex  absent. 
There  was  no  abnormal  reaction  to  the  electric  tests.  Defecation  and  urination 
were  somewhat  difficult.    There  was  diminution  of  sexual  desire. 

The  most  prominent  sign  was  always  the  contraction  of  the  muscles  of  the 
thighs,  which  at  times  was  so  marked  that  it  sufficed  to  raise  the  bed-clothes  in  order 
to  bring  on  contractions  which  started  in  the  tense  muscles  of  the  thighs  and  involved 
the  muscles  of  the  back,  making  the  patient  jump  up  and  down.  Even  when  these 
spasms  were  less  marked — only  fibrillary  contractions — it  was  possible  to  evolve 
actual  movements  of  the  thighs  by  contact  with  a  cold  object.  When  the  con- 
tractions were  strongest,  there  was  also  increased  sensitiveness  of  the  spinal  col- 
umn and  hyperesthesia  of  the  skin. 

There  was  a  general  improvement  in  the  disturbances  in  the  nervous  system, 
beginning  with  December  22d,  and  lasting  into  the  first  week  in  January.  Then 
followed  three  weeks  of  decline,  which  ended  in  the  middle  of  February.  Thus  the 
condition  fluctuated  until  the  middle  of  May,  when  progressive  improvement  began 
and  lasted  until  the  patient  was  discharged — in  the  middle  of  July. 

At  first  I  did  not  begin  to  think  that  possibly  an  infection,  especially  a 
septic  one,  was  present.  Everything  pcrinted  to  a  beginning  disease  of  the 
spinal  cord,  probably  invohdng  also  the  spinal  meninges.  The  only 
remarkable  feature  was  the  peculiar  distribution  of  the  temperature  and 
the  relation  between  the  pulse  and  the  respiration.  For  this  reason  care- 
ful records  were  kept  of  these  data,  the  results  of  which  I  have  given 
above  (see  p.  234). 

The  fact  that  the  heart  was  not  perfectly  normal  was  first  noticed  in 
January  (on  the  twentieth),  when  the  pulse  became  rapid  (96)  and  some- 
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what  irregular  with  the  increase  of  the  nervous  symptoms.  On  February 
3d  the  boundaries  of  the  heart  were  somewhat  enlarged,  and  the  heart- 
sounds  not  perfectly  clear;  but  these  signs  disappeared  again  on  the  four- 
teenth.   Only  a  slight  irritability  of  the  pulse  remained. 

In  the  middle  of  May  pretty  severe  general  symptoms — ^sleeplessness 
and  peevishness — came  on  for  the  first  time,  together  with  quite  an  exten- 
sive multiform  erythema,  swellings  of  the  joints,  and  sensitiveness  on  pres- 
sing over  the  long  bones.  The  heart  grew  more  restless  again.  These 
symptoms  continued  only  for  a  few  days,  but  were  sufficient  to  attract 
our  attention. 

When  the  patient  was  discharged,  these  and  the  other  symptoms  on 
the  part  of  the  nervous  system  had  not  quite  disappeared;  there  were 
occasionally  swellings  of  the  joints,  and  unimportant  eruptions  on  the 
skin  of  the  hands — both  of  short  duration. 

The  second  admission  took  place  on  February  15,  1899.  Without  having  been 
seriously  ill,  the  man  could  no  longer  pursue  his  work  to  the  full  extent.  Walking 
for  any  length  of  time  had  become  cuflficult,  and  on  severe  exertion  he  often  felt 
pains  in  the  loins  and  in  the  legs,  as  well  as  a  furry  sensation  in  the  soles  of  the  feet. 
He  was  always  constipated,  and  passed  frecjuent  and  small  amounts  of  urine.  He 
stated  ih&ti^testas  coeundi  had  long  ago  disappeared,  and  that  erections  no  longer 
occurred.  There  had  been  red  spots,  swelling,  and  pain  in  the  hands  three  or  four 
times  a  year,  especially  during  the  cold  weather. 

The  present  illness  began  on  February  8th.  At  first  there  were  red  spots  the 
size  of  a  finger-tip  on  the  dorsum  of  the  left  hand,  together  with  swelling,  redness, 
and  pain  in  the  second  and  third  joints,  afterward  in  the  entire  left  hand,  which 
coula  be  moved  only  with  ereat  pain.  On  the  twelfth  the  same  s^ptoms  appeared 
over  the  left  ulna,  and  on  the  thirteenth  over  the  right  thumb-jomt. 

On  admission,  there  was  an  extensive  eruption,  for  the  most  part  a  multiform 
erythema,  with  a  slight  urticaria.  Wherever  erythema  was  present,  especially  over 
the  joints  of  the  fingers,  the  patient  complained  of  severe  pain  on  pressure  and  on 
motion.  There  was  sensitiveness  on  pressure  over  both  femurs,  and  to  a  less  degree 
over  the  spinal  column.  There  was  a  belt  sensation  at  the  level  of  the  sixth  thora- 
cic vertebra,  which,  however,  was  complained  of  only  when  the  patient  stood  up. 
There  were  slight  fibrillary  twitchings  of  the  muscles  of  both  thighs,  which  increased 
very  markedly  when  the  skin  was  touched  with  a  cold  object. 

Trousseau's  phenomenon  was  marked  in  the  arms,  the  thighs,  and  over  the 
chest  and  abdomen.  The  plantar  reflex  was  normal  on  both  sides.  The  cremasteric 
reflex  was  extremely  weak.  The  patellar  reflex  was  increased  on  both  sides — some- 
times more,  sometimes  less  markedly.  The  patient  showed  a  spastic  gait,  which 
developed  much  more  distinctly  after  he  had  taken  a  few  steps.  Romberg's  sign 
was  not  distinct,  yet  the  patient  swayed  more  on  standing  with  closed  eyes  than  with 
his  eyes  open.  The  circumference  of  the  thigh  on  the  left  side  wels  still  from  0.6  to 
1  cm.  less  than  on  the  right.  The  absolute  measurements,  however,  taken  on  the 
thirteenth  of  December,  1894,  were  from  1.5  to  2  cm.  greater.  There  was  constipa- 
tion and  frequent  desire  to  urinate,  but  comparatively  small  amounts  of  urine  were 
passed  each  time. 

I  shall  further  summarize  briefly  the  observations  of  this  case.  The  eruption 
continued  to  the  end  of  February,  with  frequent  new  outbreaks,  usually  in  the  form 
of  polymorphous  erythema,  but  at  times  in  the  shape  of  urticaria,  both  usually  being 
quite  extensive.  Swelling  and  redness  of  the  skin,  extending  3  or  4  cm.  from  the 
glabella  into  the  surrounding  skin,  were  the  most  prominent  features  of  the  eruption. 
Sensitiveness  of  the  bones  to  pressure  was  also  present — in  the  ilia,  in  an  unusually 
marked  degree.  It  had  been  noticed  there  a  short  time  after  admission.  The 
sensitiveness  of  the  bones  had  almost  disappeared  at  the  beginning  of  April,  while 
the  swelling  of  the  joints  was  gone  a  month  before.  On  testing  the  sensation  the 
sense  of  touch  was  found  to  be  undisturbed;  the  sense  of  location  was  considerably 
impaired,  but  not  so  markedly  as  at  the  examination  in  1894.  In  contrast  with  the 
signs  found  during  that  examination,  the  patient  showed  now  everywhere  on  the 
left  side  a  diminished  sensibility.  Thus,  for  example,  in  the  middle  of  the  thigh  on 
the  ri^t,82  nrni.;  on  the  left,  95  mm.  (normal,  67.7  mm.).  At  the  patella,  on  the 
ri^t  side,  52  mm.,  on  the  left,  69  nmi.  (normal,  36  mm.);  distance  between  the 
points  of  the  calipers. 
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The  temperature  sense  was  uncertain  on  the  left  leg.  An  increased  reaction 
was  produced  with  the  faradic  current,  even  when  very  weak  stimuli  were  used,  but 
there  was  no  difference  between  the  two  sides.  I  should  not  care  to  attribute  an^ 
great  sigpficance  to  the  differences  which  were  shown  on  testing  with  a  galvamc 
current,  inasmuch  as  these  differences  showed  considerable  variations,  at  examina- 
tions at  intervals  of  from  two  to  ten  days.  There  were  no  reactions  of  degeneration. 
The  muscular  strength  was  somewhat  diminished,  but,  I  thought,  a  little  less  than 
at  the  previous  examination.  I  can  say  nothing  aefinite  concerning  the  motor  tests, 
as  these  data  had  not  been  included  in  the  history.  So  far  as  I  can  remember,  how- 
ever, there  was  nothing  noteworthy. 

The  twitchines  in  tne  muscles  of  the  thigh  were  also  distinct  at  this  examination, 
especially  when  the  limb  was  touched  with  cold  objects.  In  most  cases,  however, 
there  were  onlv  some  fibrillary  twitchings,  and  actual  movements  of  the  extremities 
were  noted  only  at  first,  esjpecially  when  the  cold  contact  was  made  in  the  neighbor- 
hood of  a  nerve-trunk.  Tnis  symptom  disappeared  about  the  middle  of  March — 
at  least  it  then  no  longer  was  distinct.  On  percussing  with  a  hammer  a  bundle 
of  muscle-fibers  was  raised,  which  remained  prominent  for  some  time. 

The  reflexes  underwent  considerable  chanees.  The  knee-reflex  was  maintained 
until  the  patient's  discharge,  May  6th.  Ankle-clonus  first  appeared  on  February 
20th,  and  aid  not  disappear  up  to  the  patient's  discharge.  These  reflexes  were  always 
more  markedly  exaggerated  on  the  left  side  than  on  the  right,  imtil  April  26th. 
On  that  day  we  find  a  note:  "Today  the  right  ankle-clonus  is  extraordinarily 
marked,  but  the  patellar  reflex  on  that  side  is  not  increased.  On  the  left  side  both 
symptoms  are  unchanged.  This  continued  for  the  next  few  days.  The  plantar 
reflexes  were  present,  but  not  especially  marked.  The  cremasteric  and  abdominal 
reflexes  remained  almost  absent.  There  were  no  marked  disturbances  of  urination 
or  defecation,  although  both  were  somewhat  diflicult.    The  power  of  erection  and 
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the  sexual  desire  had  completely  disappeared.  The  spastic  gait  became  less  marked 
in  the  course  of  time.  As  early  as  March  13th  it  was  noticed  that  the  gait  had 
become  quite  steady,  and  its  spastic  character  became  less  marked  during  the 
following  weeks. 

The  patient  was  allowed  to  get  up  from  bed  in  the  middle  of  April — at  first  for 
a  few  hours,  and  then  more  frequently  and  for  longer  periods. 

On  May  6th,  when  the  patient  was  discharged,  it  was  noticed  that,  although  there 
was  still  a  certain  amount  of  trailing  of  the  soles  of  the  feet  on  the  ground,  the 
patient  no  longer  stumbled.  The  girdle-sensation  gradually  disappeared,  and  ceased 
altogether  by  April  10th.  It  reappeared,  however,  one  day  for  a  few  hours  after  the 
mtient  had  remained  out  of  bed  for  a  long  time  and  had  moved  about  a  great  deal. 
Examination  with  the  ophthalmoscope  had  always  siven  normal  appearances. 

Disturbances  of  the  heart  were  very  prominent  during  this  attack.  On  Febru- 
ary 3,  1895,  a  slight  extension  of  the  area  of  dulness,  together  with  a  displacement 
of  the  apex-beat  outward,  was  noted.  The  apex-beat  projected  across  the  mam- 
mary line  and  was  somewhat  diffuse.  This  continued  only  for  about  a  week, 
however,  and  was  accompanied  by  irre^larity  of  the  heart's  action.  On  the  whole, 
however,  even  when  the  patient  was  discharged  at  that  time,  there  was  an  unmis- 
takable decrease  in  the  force  of  the  heart. 

On  admission,  in  1899,  it  was  noted  that  the  area  of  dulness  was  slightly  enlarged 
upward  (third  rib),  and  that  the  apex-beat  lay  in  the  mammary  line,  but  did  not 
project  across  it;  and  yet  there  was  a  marked  irregularity  in  the  heart's  action.  The 
systolic  aortic  sound  was  not  clear;  it  was  reduplicated,  and  the  diastolic  was 
exaggerated.  A  few  days  later  there  was  an  actual  intermission  of  the  pulse,  and 
44,  38,  and  46  pulsations  were  counted  successively  in  as  many  half  minutes.  This 
was  sometimes  better,  sometimes  worse. 

The  tracing  of  the  carotid  pulse,  taken  on  February  24th  (Fig.  52  was  made  with 
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a  faster,  and  Fie.  53  a  with  a  slower,  revolution  of  the  drum),  shows  distinctly  the 
irregularity  of  the  pulse  in  this  case. 

On  March  Ist  the  patient  complained  of  pain  in  the  region  of  the  heart.  Without 
any  special  changes  in  the  area  of  dulness,  the  systolic  tone  over  the  aorta  continued 
to  be  impure  to  the  end  of  the  observation.  The  heart's  action,  on  the  whole, 
was  weak,  and  the  tones  remained  faint.  Judging  b}r  the  amount  of  urine  secreted, 
no  cardiac  insufficiency  could  be  made  out.  The  patient  passed  about  two  liters  of 
urine  daily,  and  the  specific  eravity  was  about  1012.  I  saw  the  patient  once  more 
on  Deceniber  8th.  He  complained  that  he  could  not  work;  that  when  he  bent  for- 
ward, his  back  would  become  so  stiff,  and  he  would  have  such  a  marked  girdle 
sensation,  that  he  was  obliged  to  stand  erect  as  soon  as  possible.  When  he  walked 
he  grew  tired  very  quickly^  his  toes  dragged  even  after  he  had"  only  taken  thirty 
steps — especially  the  toes  of  the  right  foot.  This  was  particularly  marked  in  cold 
weather,  and  he  was  obliged  to  wear .  unusually  warm  clothing — for  example, 
double  woolen  underclothes.  He  still  suffered  frequently  from  constipation,  and  was 
troubled  on  passing  water. 

It  appeared,  on  examination,  that  the  spastic  gait  was,  indeed,  very  marked,  and 
that  the  toes  began  to  drag  after  the  patient  took  a  few  steps.  He  was  able  to  stand 
with  his  eyes  closed,  but  swayed  more  markedly  than  before.  The  fibrillary  twitch- 
ing in  the  lees  was  apparent  even  when  he  lay  perfectly  still,  but  when  the  muscles 
were  touched  with  a  cold  hand,  severe  contractions  appeared  which  involved  chiefly 
the  extensor  muscles,  but  also  affected  the  flexor  group,  the  latter  being  excited  more 
than  formerly.  The  clonic  contractions  could  not  be  produced  so  easily  on  the 
posterior  surface  of  the  thighs  as  on  the  anterior.  The  adductors  were  not  quite  free ; 
still  they  were  comparatively  slightly  involved.  The  girdle  sensation  was  present 
in  its  old  place.  The  patient  was  able  to  describe  a  circle  in  the  air  fairly  well  with 
either  foot,  and  was  able  to  touch  with  accuracy  any  spot  on  his  body  which  he  could 
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reach  with  his  feet.  The  plantar  reflexes  were,  in  general,  weak,  especially  so  on  the 
right  side.  The  cremaster  reflexes  were  absent  on  both  sides.  The  ankle-clonus  was 
practically  the  same  on  both  sides,  and  was  not  markedly  exaggerated.  The  patellar 
reflex  was  strong  on  the  right, — a  little  weaker  on  the  left,  side.  The  left  leg  was 
thinner,  to  the  extent  of  about  0.5  to  1  cm.,  but  the  absolute  circumference  of  both 
thighs  had  incr^ised  from  2  to  5  cm. ,  as  compared  with  their  former  size. 

The  heart  dulness  extended  to  the  lower  border  of  the  third  rib,  to  the  median 
line  of  the  sternum;  the  apex-beat  was  in  the  fifth  intercostal  space  in  the  mammary 
line.  A  slight  systolic  purr  was  heard  over  the  carotid,  and  there  was  a  regular, 
bounding  pulse  (pulsus  celer).  The  sounds  at  the  apex  were  faint  and  somewhat 
muffled;  the  systolic  tone  over  the  aorta  was  not  quite  sharply  defined,  and  seemed 
to  be  preceded  by  a  slight  sound.  The  diastolic  sound,  however,  was  loud  and  ring- 
ing, and  especially  marked  over  the  ascending  aorta  and  the  arch.  The  diastolic 
aortic  sound  was  louder  than  the  pulmonary  sound.  The  patient  looked  strong  and 
healthy. 

The  disease  of  the  spinal  cord,  which  by  this  time  had  undoubtedly 
become  permanent,  and  which  must  be  designated  as  transverse  myelitis 
involving  the  lumbar  and  the  lower  part  of  the  dorsal  cord,  was,  in  my 
opinion,  referable  to  the  same  original  source  which  produced  the  swellings 
of  the  joints,  the  pain  in  the  back,  the  eruption,  and,  finally,  the  heart 
disease.  In  addition  to  the  affection  of  the  endocardium,  there  was  very 
probably  in  this  case  a  transient  involvement  of  the  heart  muscle  at  the 
time  when  the  carotid  sphygmogram  was  traced.  As  I  have  mentioned 
before,  the  heart  was  temporarily  affected  even  at  the  first  admission, 
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but  the  disease  became  gradually  localized  in  the  aorta,  and  did  not  pro- 
duce very  great  changes  in  the  heart. 

It  may  be  asked,  with  good  reason,  whether  this  case  should  be  in- 
cluded in  this  discussion,  so  far  as  the  affection  of  the  spinal  cord  is  con- 
cerned. There  may  have  been  here  an  insidious  spinal  disease,  the  de- 
velopment of  which  was  favored  by  the  patient's  work  in  the  water. 

In  my  opinion,  a  very  important  feature  of  this  case  was  that  the 
patient  positively  asserted,  without  being  asked,  that  the  red  spots — 
the  septic  eruption — which  appeared  later  looked  exactly  like  those 
which  had  appeared  at  first,  with  the  stiffness  of  the  fingers  and  wrists. 
The  man  was  intelligent,  and  observed  himself  closely.  He  noticed  the 
appearance  of  the  eruption  whenever  his  spinal  disease  grew  worse  in 
the  course  of  the  disease — and  this  was  not  an  idea  which  he  got  from  his 
physician.  The  fact  that  the  joints  of  the  fingers  and  wrists  had  first 
been  affected  proves  that  their  stiffness  was  not  a  symptom  that  could 
be  referred  to  the  spinal  disease,  for  the  cervical  region  of  the  cord  and 
the  upper  part  of  the  dorsal  region  were  later  on  found  to  be  free  from 
disease. 

The  relation  of  the  temperature  to  the  respiration,  which  has  already 
been  discussed  (see  p.  234),  is  positive  evidence  of  the  fact  that  the  spinal 
disease  was  derived  from  the  same  source.  The  same  relation  between 
the  temperature  and  the  respiration  was  seen  at  both  the  first  and  the 
second  period  of  obser\'ation.  The  nature  of  the  cause  of  the  disease 
was  also  evident  by  the  involvement  of  the  joints  and  bones  which  ap- 
peared later;  by  the  prolonged  exanthem,  and  finally  by  the  affection  of  the 
heart.  We  may  assume  that  inflammatory  changes  occurred  in  the  spinal 
cord  or  its  membranes  similar  to  those  which  produced  the  polymor- 
phous erythema  of  the  skin.  That  this  erythema  may  occur  in  mucous 
membranes  in  sepsis  is  well  known,  and  I  have  myself  observed  such 
cases.*  The  corresponding  inflammatory  changes  are  seen  often  enough 
in  the  serous  membranes.  In  the  pleura  and  the  peritoneum  the  changes 
may  be  either  severe,  and  manifested  by  purulent  exudates,  or  mild, 
with  slight  deposits  of  fibrin.  I  think  that  possibly  an  inflammatory 
process  analogous  to  the  erythema,  but  more  narrowly  localized,  has 
in  this  case  affected  the  spinal  cord  itself,  more  extensively  than  the 
membranes  (for  the  signs  of  irritation  were  only  short-lived).  The  ob- 
servation on  December  21,  1894,  showed  a  comparatively  rapid  develop- 
ment of  the  principal  symptoms.  Naturally,  we  are  unable  to  prove 
that  this  theory  is  correct.  We  are  able  only  to  offer  an  opinion,  which 
must  be  tested  by  further  observations. 

Endocarditis  has,  for  a  long  time,  been  closely  connected  with  certain 
forms  of  chorea,  and  both  of  these  diseases  are  etiologically  related  to 
acute  articular  rheumatism.f 

Von  Leube,t  the  first  to  express  definite  views  on  this  subject,  says: 

*' There  is  no  direct  dependence  between  chorea  and  endocarditis  in 
the  sense  that  the  germ  which  causes  the  disease  must  be  transmitted 
from  the  affected  interior  of  the  heart  to  the  organs  of  the  central  nervous 
system.  There  is  simply  an  association  of  local  disease  which  must  be 
traced  to  the  same  original  cause.    For  the  present  we  cannot  decide 

*  Compare:  Denning,  loc.  dt.,  p.  97,  cases  XVIII  and  XIX. 
t  See  further  details  in  Pribram,  loc.  cU.,  p.  229,  and  Wollenberg,  "Nothnagers 
Specielle  Pathologie  und  Therapie,"  Bd  xii,  2. 

t  "Deutsches  Archiv  fttr  klinifiche  Medicin,"  Bd.  xxv,  S.  238  (1880). 
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whether  the  geim  in  question  acts  by  its  mere  presence  or  produces  its 
effects  through  soluble  substances  which  it  generates.  It  is  probable 
that  ever)rthing  that  may  produce  endocarditis  may  also  cause  chorea." 
Within  the  past  few  years  I  have  often  had  the  opportunity  of  seeing 
other  disturbances  of  the  central  nervous  system,  along  with  endocarditis 
and  chorea.  The  first  of  these  which  deserve  to  be  mentioned  are  cata- 
leptic conditions.    The  following  case  may  serve  as  a  good  example: 

Case  XIX. — First  admission,  May  26,  1896.  The  patient  was  a  girl,  six  years 
old  at  that  time,  whose  parents  were  healthy,  and  who  had  had  a  slight  rachitis  in 
infancy.  She  had  not  learned  to  walk  until  she  was  a  year  and  one-half  old,  and  had 
learned  to  talk  auite  late.  During  the  last  few  months  before  admission  the  child 
gradually  lost  nesh  and  strength,  and  complained  frec|uently  of  headaches  and 
weakness  of  the  legs.  These  sjrmptoms  increased  during  the  last  fourteen  days 
before  admission.  During  the  night  from  the  twenty-fourth  to  the  twenty-fifth  of 
May  the  child  was  very  restless  and  jumped  out  of  bed  in  her  excitement,  although 
she  immediately  afterward  complained  of  pain  in  the  right  foot,  which  was  swollen 
in  the  morning.  She  also  complained  of  severe  headacne  and  severe  thirst.  She 
was  seen  for  the  first  time  on  the  evening  of  the  twenty-fifth.  The  temperature 
had  risen  then  to  39.8°  C.  (103.6°  F.). 

On  May  26th,  we  find  the  following  notes:  Severe  cyanosis,  very  irregular 
breathing;  namely,  a  series  of  rapid  respirations  interrupted  by  one,  less  often  several, 
deep  respiratory  movements,  at  times  broken  by  pauses.  The  diaphragm  was  up ;  and 
on  the  left  side,  above,  the  vesicular  breathing  was  somewhat  faint.  The  heart 's 
action  was  very  much  excited,  with  gallop  rhythm.  The  dulness  was  normal,  but 
the  systolic  sound  at  the  apex  was  not  quite  pure.  The  radial  pulse  was  small,  weak, 
irregular,  140;  the  jugular  veins  were  distended  and  pulsated. 

The  patient  was  quite  apathetic,  did  not  answer  questions,  but  yawned  convul- 
sively at  frequent  intervab.  There  was  a  marked  chorea  of  the  face  and  upper 
extremities.  These  movements  increased  considerably  when  the  child  was  placed 
on  the  table.  The  right  ankle  was  very  painful  and  swollen.  The  child  cried  when 
moderate  pressure  was  applied  to  the  bones  of  both  thighs,  and  to  the  cervical  as 
weU  as  the  upper  dorsal  vertebrae .  The  tendon  reflexes  on  both  sides  were  dimin- 
ished— ^more  so  on  the  left  than  on  the  right  side.  The  plantar  reflexes  were  almost 
absent  on  both  sides.  The  abdominal  reflex  was  distinctly  present  on  the  right 
side,  and  markedly  diminished  on  the  left.  The  urine  was  free  from  albumin. 
Nothing  special  was  noted  on  examination  of  the  other  organs.  The  child,  accord- 
ing to  the  mother 's  statements,  had  pin-worms,  which  were  abundantly  discharged 
aft^r  a  dose  of  santonin. 

The  course  of  the  disease  was  as  follows  (the  child  was  observed  regularly  until 
the  beginning  of  August,  but  after  that  only  at  such  times  as  were  necessary  to  con- 
tinue tne  supervision  of  the  case):  All  the  symptoms  changed  a  great  deal  from  time 
to  time — improvement  and  decline  alternated.  The  cerebral  symptoms  consisted  of 
excitement,  unrest,  and  apathy,  following  each  other  in  rapid  succession.  These 
began  to  disappear  on  June  8th  and  slomy  vanished.  The  speech  became  normal 
only  at  the  ena  of  July;  until  then  it  remained  indistinct  and  the  child  but  rarely 
answered  questions  connectedly,  although  she  had  spoken  very  pleasantly  to  the 
physicians  at  first.  Sleep  became  regular  at  the  beginning  of  July,  but  until  then 
It  had  been  very  much  disturbed.  The  choreic  symptoms  continued  for  a  long  time, 
but  at  the  end  of  the  year  they  occurred  only  transiently. 

At  first  the  sjrmptoms  were  very  severe.  Thus  on  June  3d  we  find  the  note: 
"The  entire  body  is  always  in  motion.  There  are  yawning  and  irregular  breathing, 
interrupted  by  sighs.  The  eyes  are  restless,  and  there  is  restlessness  of  the  facial 
muscles,  the  arms,  and  the  legs.  If  the  child  is  allowed  to  walk  a  few  steps  alone, 
she  falls  forwwd  with  her  trunk  bent  over  until  she  finds  a  point  of  support.  She 
stands  very  unsteadily. " 

Cataleptic  symptom^  were  first  noted  on  June  1st.  "When  an  arm  or  leg  is 
lifted,  a  certain  amount  of  resistance  is  felt  and  the  limb  remains  in  the  position  in 
which  it  was  left  for  about  forty  seconds.  If  the  fingers  are  bent  into  a  fist,  they 
remain  in  this  position  with  twitchings  of  the  interosseous  and  lumbrical  muscles.'^' 

There  were  variations  in  the  severity  of  these  symptoms.  Thus  they  increased 
until  the  third  of  July,  when  the  limbs  remained  stiff  for  two  minutes  at  a  time. 
The  choreic  movements  involved  then  the  upper  extremities.  The  entire  upper 
limbs  shook  and  gradually  sank  lower  and  lower.     From  the  sixth  to  the  eighth  day 
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of  that  month  the  cataleptic  symptoms  disappeared.     ''When  a  limb  was  lifted  and 
again  dropped,  it  fell  as  if  dead. '' 

Beginning  with  the  twelfth,  however,  there  was  again  a  noticeable  increase  in 
the  severity  of  the  G^mptoms,  and  on  the  nineteenth  both  less  remained  for  five 
minutes  in  the  position  in  which  they  had  been  left,  while  on  the  first  of  July  they , 
remained  thus  for  eleven  minutes.     Cataleptic  symptoms  gradudly  and  perma- 
nentlv  disappeared,  beginning  with  August  2Sth. 

The  plantar  reflexes  and  tnose  of  the  quadriceps  tendons  were  absent  for  several 
weeks.  Later  the  patellar  reflexes  were  increased,  and  this  continued  until  Septem- 
ber, when  the  soles  of  the  feet  could  be  tickled  even  stronglv  without  any  response. 
This  followed,  however,  when  the  child's  attention  was  called  to  the  fact  that  she 
was  being  tickled.  This  continued  for  at  least  five  weeks,  but  then  began  to  dis- 
appear gradually  and  vanished  completely  about  four  weeks  later.  The  exact 
state  of  sensibility  could  not  be  tested  accurately,  but  at  the  beginning  there  had  been 
a  rather  widespread  hyperesthesia.  This  may  have  depended  upon  the  sensitive- 
ness of  the  spine  to  pressure,  which  for  the  first  time  was  noted  over  its  cervical  and 
dorsal  portions  on  June  19th. 

The  femurs  remained  sensitive  to  pressure  for  a  long  time,  and  at  times  the  ribs 
were  also  sensitive. 

The  spleen  did  not  seem  to  be  enlarged  on  admission,  but  it  reached  its  lar^t 
dimensions  on  Mav  30th  (8  by  5.5  cm.).  After  that  it  diminished  rapidly  in  size. 
No  changes  could  be  found  in  the  lungs,  nor  any  bronchial  catarrh.  On  the  other 
hand,  the  peculiar  change  in  the  type  of  breathing  which  had  already  been  noted  on 
admission  continued,  although  it  varied  in  severity.  As  late  as  the  end  of  July  it 
was  still  distinctly  present. 

On  July  28th  a  number  of  spots  appeared  on  the  skin  of  the  legs,  which  varied  in 
size  to  that  of  a  small  coin,  and  were  either  light  red  or  greenidb-brown  in  color, 
and  well  defined.  The  skin  in  these  places  was  slightly  infiltrated,  but  not  sensi- 
tive to  pressure.  The  eruption  was  diagnosticated  as  a  multiform  erythema  and 
disappeared  within  a  few  days. 

Tne  patient's  general  nutrition  was  disturbed  considerablv  for  a  short  time.  On 
June  6th  we  find  tnis  note:  ''The  patient  has  become  markeol^r  emaciated  and  very 
mle  during  the  last  few  days."  This,  however,  did  not  continue  for  a  lone  time. 
On  June  12th  we  find  an  improvement  and  an  increase  in  appetite.  No  further 
appreciable  disturbances  in  this  respect  were  noted  later  on.  The  heart  showed  great 
irregularity  on  admission,  with  a  gallop  rhythm  and  a  not  quite  pure  systolic  tone 
at  the  apex.  The  boundLaries,  however,  were  perfectly  normal.  In  the  beginning 
of  June  second  and  third  there  was  an  enlargement  of  the  area  of  dulness  to  the 
right  and  the  apex-beat  was  displaced.  The  irregularity  of  the  heart's  action  be- 
came still  more  marked.  This  continued,  with  variations,  and  although  the 
heart-sounds  were  not  quite  clear,  yet  there  was  no  murmur.  The  pulse  was  never 
quite  regular  in  frequency  and  volume. 

On  August  20th  the  apex-beat  was  one-half  fineer-breadth  outside  the  mammary 
line,  and  the  area  of  dulness  had  spread  1  cm.  to  the  right.  The  systolic  sound  was 
not  clear  at  the  apex  and  was  reduplicated  over  the  aortic  area.  The  pulse  was 
regular.    There  was  a  moderate  cyanosis  of  the  entire  body. 

While  nothing  abnormal  could  be  found  in  the  lungs,  the  respiration  increased 
very  rapidly  in  frequency,  especially  during  the  first  three  weeks  of  the  disease.  On 
the  other  hand,  the  pulse  did  not  by  any  means  increase  so  rapidly,  so  that  the  ratio 
P  -s-  R  was  considerably  diminished.  I^ter,  all  these  symptoms  improved.  It  will 
be  seen  how  variable  were  the  values  on  the  individual  days,  and  how  little  they 
depended  upon  the  temperature. 

The  patient  was  observed  until  February,  1897,  but  no  noteworthy  changes 
occurred.     She  improved  slowly. 

Second  admission,  October  2, 1897 :  The  child  had  been  well  until  about  a  month 
and  a  half  before  admission.  There  had  been  no  general  excitement  nor  twitchings 
of  the  face,  but  at  times  she  complained  of  headache.  The  appetite  had  been  poor, 
on  the  whole.  The  gait  had  been  unsteady  since  the  time  mentioned,  and  the  limbs 
gave  way  very  frequently.  There  were  also  twitchings  in  the  face  and  the  upper 
extremities,  and  general  excitement  and  restlessness.  Lately,  the  headaches  had 
become  much  more  severe  and  acute  pain  was  felt  even  when  the  hair  was  combed 
or  when  the  head  was  lightly  touched.  The  child  also  spoke  "brokenly. "  Her  sleep 
was  restless,  and  she  ground  her  teeth  very  often.  There  were  irregular  movements 
of  the  bowels,  and  at  times  pain  in  the  abdomen.  During  the  last  Tew  days  she  had 
grown  very  much  worse,  and  become  very  restless,  markedly  prostrated,  and 
feverish. 
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Datb,  1896. 


Fkkquknct 
or  Respiba- 

TXON. 


FSlQUBlfCT 
or  PULSB. 


Ratio  1 


Tbmpbbatubb  in 
Degbbbb. 


Minimum. 


Maximxtm. 


May  29 

30 
31 

June  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

29 

30 

July  1 

2 

3 

4 

5 

6 

7 

8 

9 

14 

15 

18 

22 


56 
65 
60 
40 
48 
50 
68 
75 
66 
68 
72 
48 
48 
52 
48 
45 
44 
48 
40 
48 
34 
30 
28 
32 
33 
36 
36 
36 
33 
32 
39 
33 
30 
40 
36 


141 
150 
135 
144 
135 
138 
147 
144 
135 
140 
129 
132 
124 
118 
129 
135 
130 
124 
128 
124 
112 
120 
118 
123 
132 
111 
108 
116 
120 
114 
120 
108 
111 
117 
120 


2.5 
2.3 
2.3 
3.6 
•3.0 
2.7 
2.1 
1.9 
2.0 
2.0 
1.8 
2.9 
3.0 
2.3 
2.7 
3.0 
3.0 
2.6 
3.2 
2.6 
3.3 
4.0 
4.2 
4.0 
4.0 
3.0 
3.0 
3.2 
3.6 
3.5 
3.1 
3.3 
3.7 
2.9 
3.3 


38.1 
38.0 
37.7 
37.2 
37.7 
37.5 
37.5 
37.6 
37.4 
37.4 
37.3 
37.2 
37.2 
37.3 
37.3 
37.5 
37.3 
37.2 
37.2 
37.3 
37.0 
36.9 
37.0 
37.6 
37.9 
37.5 
37.2 
37.0 
37.0 
37.0 
37.0 
37.0 
37.0 
36.8 
37.0 


39.1 
38.5 
37.8 
38.3 
38.0 
37.8 
38.0 
37.9 
37.8 
37.8 
37.7 
37.6 
37.6 
37.6 
37.6 
37.6 
38.0 
37.6 
37.6 
37.6 
37.5 
37.3 
37.4 
38.7 
38.8 
37.5 
37.5 
37.4 
37.5 
37.4 
37.3 
37.3 
37.4 
37.3 
37.5 


The  foregoing  table  shows  the  relation  between  the  frequency  of  the  pulse  and 
the  respiration  together  with  the  temperature. 

On  October  2d  she  was  found  pale  and  cyanosed.  She  did  not  answer  questions, 
and  complained  of  severe  headache.  There  were  irregular  contractions  of  the 
facial  muscles,  and  the  eyes  moved  constantly.  When  she  sat  upon  the  table,  it 
was  seen  that  she  never  remained  perfectly  quiet  for  an  instant.  The  right  knee  and 
the  left  wrist  were  swollen  and  somewhat  sensitive  to  pressure.  There  was  no  pain 
on  pressure  over  the  Ions  bones.  The  patellar  reflex  on  the  left  side  was  normal, 
but  it  was  somewhat  weaxened  on  the  right  side.  The  plantar  reflexes  were  almost 
absent.  There  were  no  cataleptic  signs.  The  lungs  were  normal ;  the  respiration 
regular — 28.  The  heart  dulness  extended  to  the  upper  border  of  the  third  rib 
a1x)ve,  to  the  middle  of  the  sternum  on  the  right,  and  the  apex-beat  was  in  the  fifth 
intercostal  space  at  the  mammary  line.  The  systolic  sound  at  the  apex  was  muffled, 
but  there  was  no  real  murmur.  The  pulse  was  regular — 116.  The  spleen  was  5  by 
7  icm.  The  temperature  at  noon  was  39.9°  C.  (103.8*»  F.).  The  following  night  she 
was  very  restless,  and  vomited  in  the  morning. 

The  following  is  to  be  noted  conoeming  the  course  of  the  disease:  The  headache 
disappeared  entirely  on  October  5th.  The  apathy  improved,  beginning  with  the 
eighteenth,  and  disappeared  on  the  twenty-second.  The  choreic  movements  were 
absent  after  the  seventh.  On  this  day  the  patellar  reflexes  were  found  to  be  equally 
marked  on  both  sides,  and  the  plantar  reflexes  had  become  distinct  once  more. 

The  swellings  and  pains  in  the  joints  had  disappeared  as  early  as  the  fifth  of 
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October.  On  the  eleventh  the  right  wrist  was  a^in  slightly  affected;  a  multiform 
erythema  appeared  at  the  same  time  over  this  jomt  and  was  fairly  wide-spread  over 
the  rest  of  the  body,  showing  fresh  eruptions  on  the  following  day,  which,  however, 
disappeared  rapidly. 

Tne  heart  remained  in  the  sanie  condition  as  on  admission.  It  was  never  ir- 
regular, and  the  pulse  was  always  regular,  not  veiy  frequent,  and  not  corresponding 
with  the  temperature — for  example,  there  were  116  pulsations  at  39.9°  C.  (103.8° 
F,),  and  also  at  36.8°  C.  (98.2°  F.).  The  pulse-temperature  ratio  was  rather  low. 
but  it  was  easily  changed.  The  spleen  was  enlarged  on  the  eighth  to  5  by  9  cm.  ana 
a^in  diminished  in  size  on  the  twentv-ninth.  The  respiration  was  always  regular, 
did  not  show  anything  unusual,  ana  from  the  few  counts  that  were  made,  it  was 
probable  that  it  had  not  by  any  means  increased  in  frequency.  The  temperature 
continued  to  be  39°  C.  (102.2°  F.)  and  over  until  the  twelfth.  On  the  eighteenth 
it  was  38°  C.  (100.4°  F.)  for  the  first  time,  and  after  that  rather  subnormal.  An 
irregular  distribution  was  again  noticed  on  various  days.  The  child  was  discharged, 
recovered,  on  October  31st. 

Third  admission,  October  12,  1898:  During  the  past  year  there  had  been  no 
signs  of  illness.  On  October  9th,  however,  severe  headache  appeared,  together  with 
lassitude  in  the  limbs  and  loss  of  appetite.  On  examination,  on  October  12th,  the 
child  was  found  very  pale  and  cyanotic.  She  complained  only  of  headache.  Her 
speech  was  somewlmt  thick,  but  there  were  absolutely  no  choreic  or  cataleptic 
phenomena.  The  lungs  were  normal;  the  spleen  measured  5  by  7  cm.,  and  the 
bones  and  joints  were  not  affected.  The  heart  boundaries  extended,  above  to  the 
lower  border  of  the  second  rib;  on  the  right  side,  one  finger-breadth  bevond  the 
sternal  border,  and  the  apex-beat  was  in  the  fifth  intercostal  space,  one  anci  one-half 
finger-breadths  beyond  the  mammary  line.  There  was  a  loud,  blowing,  systolic 
murmur  over  the  apex.  The  diastolic  sound  over  the  pulmonary  artery  was  dis- 
tinctly accentuated.  The  pulse  was  soft,  slightly  irregular — 106;  the  temperature 
in  the  evening  was  39.1°  C.  (102.4°  F.). 

In  the  course  of  this  attack  the  cerebral  symptoms  remained  markedly  in  the 
background.  The  apathy  was  only  slightly  markcKi.  The  headaches  were  not  very 
severe,  and  disappeared  completely  by  October  29th.  Traces  of  chorea  were  noticed 
once  in  a  while  during  the  month  of  November,  and  somewhat  more  distinctly  during 
the  following  months.  It  was  only  in  February  that  the  63nnptoms  became  more 
severe,  extended  over  the  entire  muscular  system,  and  especially  became  noteworthy 
in  the  child's  gait,  which  had  become  very  unsteady.  These  symptoms  continued 
until  she  was  discharged.  May,  1899,  when  they  had  improved  to  a  great  extent. 

The  patellar  and  the  plantar  reflexes  did  not  show  any  important  changes.  The 
joints:  From  October  13th  to  October  15th  the  left  knee,  the  left  ankle,  and  the 
metatarsophalangeal  joints  of  the  great  toe  became  swollen  and  painful.  These  signs 
rapidly  disappeami,  however,  after  the  use  of  sodium  salicylate — ^at  first,  0.5  gm. 
three  times  a  oay ,  then  four  times  a  day,  until  October  22d.  None  of  the  joints  showed 
any  involvement  after  that.  The  bones:  On  November  2d  the  third  and  fourth 
ribs  in  the  neighborhood  of  the  nipple  were  very  sensitive  to  pressure.  On  February 
12th  the  left  scapula,  and  on  February  14th  the  right  scapula,  showed  both  spontane- 
ous pain  and  pain  on  pressure.    This  all  disappeared,  however,  in  a  few  days. 

The  heart  was  irritable;  the  pulse  continuously  irre^ar.  The  area  of  dulness 
was  enlarged,  and  there  were  constantly  recurring  variations  in  the  temperature,  for 
which  no  other  cause  could  be  found.  All  these  pointed  to  a  relapse  of  the  cardiac 
affection.  There  were,  in  addition,  disturbances  of  the  respiration,  and  considerable 
variations  in  the  amount  of  urine  secreted,  showing  the  variable  amount  of  work  done 
by  the  heart.     (Compare  my  article  on  Cardiac  Insufliciency  in  this  volume,  p.  131.) 

The  table  on  p.  271  gives  a  brief  summary  of  all  these  pomts,  which  are  of  mterest 
here. 

Gradually  the  disturbance  in  the  heart  became  more  and  more  prominent.  In 
the  beginning  of  January  the  diastolic  sound  at  the  apex  became  more  and  more 
like  a  murmur,  which  finally  developed  to  its  full  extent  during  the  following  week, 
and  then  was  sharply  characterized  acoustically.  The  area  of  heart  dulness  was  not 
materially  altered,  but  the  thoracic  wall  was  somewhat  more  prominent  than  normal. 

At  the  beginning  of  March  all  these  different  disturbances  of  the  heart  had  re- 
ceded so  far  that,  inasmuch  as  the  slight  rises  of  temperature  had  ceased  some  time 
previously,  the  present  relapse  could  be  considered  as  at  an  end.  On  March  12th  I 
allowed  the  little  patient  to  get  up,  and  in  the  middle  of  May  she  was  discharged  from 
the  clinic.  There  remained  a  well-developed  insufficiency  of  the  mitral  valve  and  a 
stenosis  of  the  left  auriculo ventricular  orince,  which  has  remained  well  compensated 
until  the  present  time. 


NERVOUS  SYSTEM  AND  MUSCLES. 


271 


The  manner 
in  which  the  en- 
docarditis ran  its 
course  in  this 
case  was  note- 
worthy, aside 
from  the  affec- 
tion of  the  ner- 
vous system. 
Slowly,  halting- 
ly, and  more 
than  two  years 
after  the  first  at- 
tack the  malady 
developed  into 
a  perfect  insuffi- 
ciency of  the 
mitral  valve. 
During  the  first 
relapse  the 
heart  seemed 
to  be  scarcely 
involved.  Dur- 
ing the  rather 
mieventful  year  j^* 
which  elapsed  ^ 
between  this  at-  ^ 
tack  and  the  sec-  3 
ond,  the  valvu-  o 
lar  disease  had 
developed  im- 
mistakably,  and 
then  progressed. 

Chorea,  and 
the  peculiar  ner- 
vous symptoms 
which  accom- 
pany it,  were 
also  present  in 
the  patient, 
whose  history  is 
recorded  under 
case  IV.  I  shall, 
therefore,  con- 
sider this  case 
a  little  more  in 
detail. 

It  may  be 
noted,  in  gen- 
eral, that  all  the 
symptoms  were 
subject  to  con- 
stant  variations 
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in  intensity.    Not  that  all  of  these  increased  or  decreased  on  the  same 
day,  but  it  seemed  that  each  was  perfectly  independent  of  the  others. 

Chorea:  On  admission,  October  27,  1898,  we  find  the  following  notes:  "The 
patient  does  not  remain  quiet  for  a  single  moment.  Sometimes  he  has  slight  twitch- 
mgs  of  the  forehead,  sometimes  around  the  mouth  and  the  cheeks.  Brides  this, 
there  are  strong  movements  of  the  eyeballs.  The  twitchings  are  noted  both  in  the 
upper  and  lower  extremities."  These  motions  did  not  become  more  marked,  but 
*  continued  for  a  long  time  and  disappeared  entirely  at  the  beginning  of  May,  1899. 

Cataleptic  symptoms:  On  October  30th:  **When  the  legs  of  the  patient  were 
raised,  a  certain  amount  of  resistance,  which  was  not  very  marked,  was  noted. 
The  limbs  remained  for  some  time  in  the  position  in  which  they  had  oeen  left  (on 
the  following  day  as  long  as  six  minutes),  and  did  not  fall  of  their  own  weight.  The 
arms  could  also  be  placed  in  any  position  desired."  This  was,  indeed,  a  clear  pic- 
ture of  cataleptic  muscular  rigidity,  which  disappeared  completely  at  the  beginning 
of  April.  The  arms  were  free  from  rigidity  for  a  short  time  in  I>ecember,  but  dur- 
ing tne  rest  of  the  attack  they  were  involved  simultaneously  with  the  legs. 

Reflexes:  The  tendon  and  skin  reflexes  of  the  lower  extremities  were  charac- 
terized during  almost  the  entire  period  of  observation  by  the  peculiarity  that  they 
were  sometimes  almost  absent;  at  times  they  were  clearly  present,  and  at  other 
times  they  were  increased  in  intensity.  They  varied  from  day  to  day.  The  cre- 
masteric reflexes  were  stronger  than  usual  from  the  beginning  of  the  attack  to  the 
end.  An  erection  of  the  penis  almost  always  ensued  when  cutaneous  reflexes  were 
tested,  with  or  without  success,  on  the  legs. 

Trousseau's  phenomenon  was  present,  beginning  with  the  second  of  November. 
It  appeared  here  and  there  over  the  chest  or  the  abdomen  with  great  intensity, 
but  was  variable.  At  first  the  ankle-clonus  was  present;  then  it  disappeared,  ana 
finally,  beginning  with  December  2Dth,  the  paradox  phenomenon  of  Westphal* 
was  present  very  distinctly,  and  continued  so  until  the  middle  of  February. 

Westphal  says,  in  speaking  of  this  sign:  "  In  certain  diseases  of  the 
central  nervous  system  it  will  be  seen,  when  the  foot  of  the  patient  in 
bed  is  quickly  and  forcibly  flexed  toward  its  dorsum,  that  after  the  hand 
of  the  examiner  has  released  the  foot,  the  latter  will  remain  in  the  same 
position  in  which  it  had  been  left,  and  will  not  return  to  its  normal  place 
with  the  action  of  gravity. 

**  If  the  tendon  of  the  tibialis  anticus  be  more  carefully  examined  while 
this  takes  place,  it  will  be  seen  that  it  suddenly  becomes  very  prominent 
and  remains  so.  This  usually  takes  place  a  little  after  the  act  of  dorsal 
flexion.  The  position  of  the  foot  then  is  one  corresponding  to  the  action 
of  the  tibialis  anticus,  namely,  in  adduction.  A  further  peculiarity 
noted  is  that  the  foot  remains  in  this  position  for  a  number  of  minutes, 
and  then  gradually  and  evenly,  or  else  spasmodically,  will  sink  back  to 
its  natural  position. 

**  If  we  attempt  to  change  the  foot  from  the  position  which  was  given 
it  forcibly,  and  which  had  become  fixed  through  the  contraction  of  the 
tibialis  anticus,  we  meet  a  more  or  less  marked  resistance. 

"  In  addition  to  the  contraction  noted  at  the  tibialis  anticus,  we  often 
see  a  paradox  contraction  at  the  extensor  pollicis  longus,  and  the  exten- 
sors of  the  other  toes,  when  they  are  vigorously  flexed  toward  the  dor- 
sum." 

In  this  case  the  phenomenon  persisted  most  markedly  and  for  the 
longest  time  in  the  tibialis  anticus.  It  was  also  noted  simultaneously, 
however,  at  times,  in  the  extensors  of  the  toes.  My  colleague.  Professor 
Siemerling,  who  was  good  enough  to  see  the  patient  with  me,  referred  me 
to  the  work  of  Westphal,  which  had  not  been  familiar  to  me  at  the  time. 

.  ♦  "Ueber  eine  Art  paradoxer  Muskelcon traction,"  "Archiv  fiir  Psychiatric  und 
Nervenkrankheiten,"  Bd.  x,  S.  243  (1880). 
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He  convinced  himself  of  the  presence  of  the  paradoxal  contraction  which 
he  had  observed  in  a  number  of  other  cases.  [The  phenomenon  has  no 
diagnostic  importance,  being  found  in  such  diverse  conditions  as  multi- 
ple sclerosis,  tabes,  paralysis  agitans,  alcoholism  and  hysteria. — Ed.] 

A  test  of  the  sensibility,  undertaken  on  November  12th,  showed  that 
the  sense  of  location  was  somewhat  diminished  for  the  body  in  general, 
especially  so  in  the  right  thigh.  The  sense  of  temperature  remained  un- 
changed. There  was  an  absence  of  any  disturbances  which  pointed 
directly  to  the  involvement  of  the  brain,  and  there  was  only  transient 
headache. 

A  peculiar  behavior  of  the  blood-vessels  which  appeared  very  dis- 
tinctly in  case  VI  was  probably  referable  to  a  central  cause.  I  found  that 
all  the  arteries  which  were  accessible  to  the  examining  finger  remained 
soft  and  full,  in  spite  of  the  greatest  amount  of  chilling.  There  was, 
therefore,  not  the  slightest  hint  of  a  cramp-like  contraction  of  the  vessel. 
I  spoke  of  these  obvious  differences  on  several  occasions  at  that  time — 
1872 — during  the  patient's  life,  as  the  basis  of  a  differential  diagnosis 
against  intermittent  fever.  I  have  had  less  occasion  later  on  to  pay  any 
attention  to  them,  and  I  do  not  know  how  often  it  may  occur. 

It  is  a  question  whether  or  not  the  transient  edemas — which  affected 
especially  the  face,  and  which  occurred  without  demonstrable  inflamma- 
tion and  certainly  without  nephritis — were  connected  with  disturbances 
of  innervation  in  the  vessels.  These  edemas  were  seen  quite  frequently, 
as,  for  example,  in  cases  VII,  XII,  and  XIX.  In  other  cases  they  were 
accompanied  by  a  shght  redness  which  seemed  inflammatory.  And  prob- 
ably in  these  instances  there  was  only  a  slight  disturbance  in  the  tissues 
which,  in  its  full  development,  would  constitute  multiform  erythema. 

Neuralgias  are  comparatively  more  frequent — especially  sciatica. 
Examples  of  this  are  furnished  by  cases  VI  and  X.  According  to  my  own 
observations,  neuralgias,  including  intercostal  and  trigeminal  neuralgia, 
are  found  more  often  at  the  beginning  than  during  the  further  course  of 
the  disease.  They  are  probably  not  connected  with  the  endocarditis, 
but  are  concomitants  of  the  fundamental  disease.  In  this  group  may 
be  included  the  cases  of  trigeminal  neuralgia  reported  by  Immermann.* 
The  first  of  these  was  accompanied  with  endocarditis,  but  the  other  two 
were  not.    His  interpretation  was  the  same  as  my  own. 

It  is  difficult  to  decide  the  question  as  to  whether  visceral  neuralgias 
occur,  or  whether  the  S3rmptoms  which  resemble  them  are  referable  to 
actual  tissue  changes.  Infarcts  in  the  intestines  undoubtedly  produce 
the  most  severe  attacks  of  colic,  together  with  signs  of  irritation,  and  later 
of  inflanmiation  of  the  peritoneum.  Possibly  large  infarcts  of  the  spleen 
and  of  the  kidneys  (case  XVII)  may  do  the  same,  but  I  should  like  to 
leave  undecided  the  question  as  to  how  much  direct  influence  the  cause 
of  the  disease  has  upon  the  nervous  system  in  these  cases.  At  times 
one  comes  across  incidents  which  may  give  a  clue  in  this  direction.  Thus, 
for  example,  in  case  VIII: 

The  patient  became  ill  after  a  period  of  prolonged  constipation,  and  developed 
signs  which  pointed  to  an  irritation  of  the  peritoneum,  emanating  from  the  cecum, 
which  disappeared  rapidly  after  the  use  of  opium.  Three  days  later  he  developed 
signs  of  sepsis,  with  a  marked  involvement  of  the  heart.     The  movements  of  the 

*  "Ueber  larvirten  Gelenkrheumatismus,"  "Verhandlungen  des  Congresses  fur 
innere  Medicin,"  Bd.  iv,  S.  108,  1885.    During  the  discussion  similar  observations 
were  reported  by  Edlefsen. 
18 
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bowels  remained  regular.  Fourteen  days  after  the  first  intestinal  and  peritoneal  dis- 
turbance, from  which  he  had  been  relieved  on  Ma^r  12th,  the  patient  suddenly  was 
seized  again  with' severe  pains  in  the  abdomen,  which  increased  to  such  extent  that 
the  patient  literally  howled  with  pain,  so  that  his  cries  were  heard  at  a  great  distance 
along  the  street,  although  he  lived  on  the  third  floor. 

Professor  Dennig,*  who  had  seen  the  patient  soon  afterward,  reports  as  follows: 
"I  found  the  patient  writhing  in  bed,  constantly  groaning  and  moaning.  The 
abdomen  was  quite  uniformly  swollen;  it  was  extremely  sensitive  to  i>ressure,  the  ten- 
derness more  marked  on  the  left  side  than  on  the  ri^t."  He  was  given  forty  drops 
of  tincture  of  opium,  which  gradually  relieved  his  pain.  During  the  night  he  vomited 
thrice.  On  the  following  mormng  he  again  was  seized  with  severe  pains  in  the  ab- 
domen, which  were  not  relieved  by  small  doses  of  tincture  of  opium.  Only  thirty 
drops  taken  at  one.dose  had  a  favorable  effect. 

An  examination  became  possible  on  May  14th,  and  showed:  ''There  was  no  dif- 
fused tenderness  on  pressure  over  the  abdomen,  but  several  painful  areas  distinct 
from  one  another  and  separated  by  free  or  less  sensitive  places.  Thus,  the  region  of 
the  navel  was  especially  sensitive  to  pressure,  but  from  this  point  to  the  right  and 
below,  pain  coula  only  be  produced  by  deep  pressure,  while  the  pain  in  the  ileocecal 
region  was  especially  marked.  Similar  conditions  were  present  on  the  left  side  of  the 
abdomen." 

No  further  attacks  of  this  kind  occurred,  and  nothing  remained  but 
a  lack  of  appetite,  which  lasted  for  eight  days.  This  patient  had  a  great 
deal  of  control  over  himself,  and  the  pains  must  have  been  very  severe 
in  order  to  evoke  such  strenuous  demonstrations. 

Dennig  reports  still  another  case  which  I  have  also  observed: 

A  student  of  medicine,  aged  twenty-four  years.  Diagnosis,  sepsis  with  peri- 
carditis and  endocarditis,  followed  by  valvular  lesions.  On  the  fourth  day  of  the 
disease  the  man  was  very  suddenly  seized  with  the  most  excruciating  pains  in  the 
abdomen,  and  at  the  same  time  suffered  with  nausea  without  vomitm^.  I  found 
the  patient  in  the  knee-elbow  position,  with  a  pillow  firmly  pressed  against  the  ab- 
domen. His  skin  was  covered  with  cold  perspiration.  The  pulse  was  rapid,  small, 
and  the  extremities  were  cold.  He  was  scarcely  able  to  answer  the  questions  put  to 
him  so  overcome  was  he  with  the  pain.  The  abdomen  was  quite  unitonnly  sensitive 
on  pressure.  Relief  was  obtained  after  the  application  of  a  large  ice-bag  and  after  the 
administration  of  large  doses  of  opium — 50  or  60  drops  of  the  tincture  at  each  dose. 
A  marked  improvement  had  taken  place  after  four  days.  Similar  events  were  re- 
peated after  eight  days,  and  the  same  treatment  gave  the  same  result. 

Not  the  slightest  cause  could  be  found  for  the  origin  of  the  painful 
attacks,  which  in  this  instance  constituted  the  unmistakable  signs  of  a 
visceral  neuralgia.  I  have  seen  several  similar  cases,  which  were  not  so 
well  marked,  in  slight  septic  infections,  with  or  without  endocarditis. 

The  muscles  may  be  severely  involved,  may  suppurate  and  form  large 
abscesses,  so  that  their  involvement  constitutes  the  central  point  of  the 
entire  clinical  picture.  We  shall  not  speak  here  more  in  detail  regarding 
this  part  of  the  subject,  but  will  only  mention  that  some  muscles  may 
show  very  severe,  though  transient,  swelling  and  sensitiveness,  which, 
however,  disappear  entirely  after  a  time. 

Thus,  during  the  first  week  of  the  disease  in  case  VIII,  the  patient 
showed  a  sudden  marked  swelling  of  the  left  biceps,  which  became  ex- 
tremely painful,  and  the  skin  covering  it  was  diffusely  reddened. 
After  three  days  everything  disappeared,  but  twelve  days  later  the  left 
supinator  longus  was  also  involved,  though  less  severely,  for  a  space  of 
two  days.  Again,  in  case  II,  we  had  another  picture.  It  has  been  already 
reported  above  (p.  236)  that  the  respiration  was  considerably  influenced 
by  the  painfulness  of  the  muscles.  The  involvement  of  the  muscles  took 
place  in  a  peculiar  manner,  concerning  which  I  should  like  to  speak  more 

*Loc  cU.,  p.  110. 
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in  detail.  I  may  remind  the  reader  that  in  this  case  a  suppurating  angina 
(bursting  on  November  8th)  began  the  septic  process,  winch  was  accom- 
panied by  endocarditis.  The  following  condensed  notes,  taken  from  the 
history,  will  show  the  way  in  which  the  muscular  affection  appeared: 

November  10th:  Only  in  answer  to  questions  the  patient  complained  of  pain 
on  the  right  side  during  respiration.  No  signs  of  pleurisy  were  present,  nor  could 
any  be  found  even  at  autopsy.  The  movements  of  the  trunk  were  slow  but  painless. 
The  anterior  abdominal  muscles  were  very  tense,  and  palpation  was  very  difficult, 
though  not  painful,  so  that  deep  palpation  could  only  be  effected  when  the  patient 's 
thighs  and  knees  were  flexed. 

November  11th:  The  patient  complained  of  a  vague  sensation  of  pressure  and 
tension  in  the  abdomen,  which  could  not  be  accuratelv  localized.  There  was  uniform 
tension,  but  no  sensitiveness  on  pressure  anywhere.  November  12th :  the  symptoms, 
on  the  whole,  increased  in  severity,  but  appeared  more  distinctly  on  either  side  of 
the  middle  line  of  the  abdomen.  But  even  there  there  was  no  sensitiveness  on 
pressure. 

November  14th:  The  face  was  painfully  contracted.  The  patient  moaned  when 
he  tried  to  rise,  which  ^e  could  do  with  great  exertion.  The  patient  complained 
at  such  times  of  intense  pains  in  the  abdomen,  followed  by  pains  in  the  back,  which 
appeared  as  soon  as  he  lay  down.  The  abdomen  was  uniformly  hard  and  extremely 
pamful,  even  when  touched  very  lightly.  When  the  hand  was  cautiously  laid  upon 
it,  the  patient's  face  was  contracted,  and  when  slight  pressure  was  made  he  com- 
plained of  intense  pain. 

This  pain  appeared  to  be  most  intense,  sometimes  here,  sometimes  there,  so  that 
ita  accurate  localization  could  not  be  determined.  The  sigmoid  region  seemed  to  be 
the  Dart  chiefly  involved.    The  patient  also  complained  of  pain  on  passing  urine. 

November  14th:  The  symptoms  grew  worse.  Every  contact  with  the  abdominal 
wall  was  extremely  painful,  and  the  walls  were  so  tense  that  the  bellies  of  the  recti 
were  very  prominent.  The  muscles  of  the  bade,  especially  the  lateral  border  of  the 
quadratus  lumborum  of  the  left  side,  as  well  as  the  long  muscles  which  pass  upward 
from  the  sacrolumbalis  on  both  sides,  were  also  painful  on  pressure,  and  tne  same  was 
true  of  the  adductors  of  both  thighs,  as  well  as  of  almost  the  entire  musculature  of  the 
limbs.   All  motions  were  executed  with  extreme  caution  and,  therefore,  very  slowly. 

November  17th:  The  symptoms  on  the  part  of  the  muscles  remained  practically 
the  same,  but,  in  addition,  there  was  wry-neck.  The  upper  part  of  the  sternocleido- 
mastoid was  tense  and  very  painful. 

On  November  18th  there  was  improvement  in  some  of  the  muscles,  but  a  new 
symptom,  fibrillary  twitchings,  was  noted  even  on  slight  pressure  with  the  fingers, 
and  was  especially  marked  in  the  right  thigh.  The  pam  and  tension  in  the  muscles 
gradually  disappeared,  leaving  the  abdominal  muscles  last.  At  the  end  of  the  month 
they  were  nearly  gone.  On  the  other  hand,  the  excitability  of  the  muscles  to 
mechanic  stimuli  was  still  further  increased.  On  November  19th  "a  slight  tap  with 
the  percussion  hammer  upon  the  muscles  of  the  thigh  (extensor  surface)  produced 
tonic  tension  for  a  number  of  seconds,  not  onlv  in  the  stimulated  muscles,  but  also 
in  those  of  the  other  leg  and  of  the  anterior  abdominal  waU. " 

This  phenomenon  did  not  continue  for  any  length  of  time,  but  was  followed  by 
fibrillaiy  twitchings  and  by  the  formation  of  circimriscribed  nodes  at  the  point  of 
irritation.  These  nodes  were  found  in  many  muscles.  The  nephritis  continued, 
together  with  the  uremia  which  it  produced  and  which  threatened  the  life  of  the 
patient. 

On  January  14,  1891,  a  slightly  different  form  of  muscular  affection  was  noted, 
in  addition  to  the  t3rpe  just  described:  ''  A  node  of  about  the  size  of  a  finger  appears 
on  the  adductor  surface  of  the  right  thigh,  when  strong  pressure  is  made  with  the 
finger  at  some  points  in  the  lower  third  of  this  part.  This  node  persists  for  a  few 
seconds,  and  then  the  muscle  again  becomes  smooth  gradually.  The  pressure  is 
accompanied  with  pain." 

All  these  signs  had  disappeared  entirely  when  the  patient  was  discharged,  in  a 
condition  fit  to  pursue  his  regular  work. 

It  is  very  probable  that  these  affections  of  the  muscles  are  inflamma- 
tory in  origin,  and  are  of  the  class  of  acute  polymyositis.*    An  unusual 
circumstance,  however,  in  these  cases  was  the  fact  that  the  pain  was  at 
*  Lorenz,  "Die  Muskelerkrankungen,"  this  series,  vol.  xi,  section  iii,  pt.  I. 
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first  completely  absent,  and  that  there  was  only  a  feeling  of  tension. 
Later  the  tension  became  more  pronounced,  and  was  accompanied  with 
severe  pain.  The  fibrillary  twitchings  and  the  formation  of  nodes  during 
and  after  the  mechanical  irritation  may  be  interpreted  as  the  result  of  dis- 
turbances of  nutrition,  similar  to  those  which  we  see  in  cachexia  from  any 
cause.  The  extreme  irritability  of  the  muscles  at  those  times,  when  a 
slight  tap  with  the  percussion  hammer  sufficed  to  produce  a  fairly  exten- 
sive tonic  contracture  (November  19th),  is  not  so  easily  explained.  I 
think  that  transmission  through  reflex  paths  is  very  probably  a  factor  in 
this  process.    These  paths  were  also  very  probably  involved. 

Von  Leube*  recently  contended  that  *'the  infectious  material  of 
muscular  rheumatism  represents  nothing  but  a  weakened  virus  of  articu- 
lar rheumatism."  He  cites  two  cases  which  show  that  an  endocarditis 
may  develop  in  the  course  of  an  apparently  simple  muscular  rheumatism. 
In  the  first  of  these  cases,  however,  there  was  an  involvement  of  the  left 
shoulder  and  the  right  ankle  during  the  second  week  of  the  disease,  in 
addition  to  the  other  features  just  mentioned. 

The  cases  published  by  Karl  Schnell,t  of  von  Leube's  clinic,  which, 
in  my  opinion,  are  closely  related  to  septic  affections,  are  very  interesting — 
especially  so,  the  first  case  of  the  series.  But,  imfortunately,  no  bacterio- 
logic  examination  was  made — at  least,  none  was  reported.  I  have  for 
some  time  held  the  same  theory  as  von  Leube.  J 

In  all  these  affections  the  question  arises,  in  what  relation  do  they 
stand  to  the  causes  of  the  disease,  and  what  particular  significance  has 
the  involvement  of  the  endocardium  in  their  development? 

It  must  be  admitted  that  no  anatomic  foundation  can  be  discovered 
in  most  of  the  fatal  cases  of  chorea,  but  the  investigations  of  Nauwerck§ 
show  that  such  a  foundation  may  be  present. 

This  observation  originated  in  the  Medical  Clinic  of  Tiibingen: 

A  girl,  seven  years  old,  died  after  eight  days  of  illness,  which  set  in  after  suffering 
for  three  weeks  from  vague  symptoms,  such  as  a  feeling  of  fatigue,  malaise,  and  indo- 
lence, and  finally  irritability  of  the  heart 's  action.  It  was  noteworthy  that  during  the 
observation  the  temperature  had  risen  only  once  to  38.1°  C.  (100.5°  F.).  On  the  other 
hand,  the  distribution  of  the  temperature  was  often  irregular  in  the  sense  already  men- 
tioned. "The  patient  cave  the  impression  of  suffering  from  a  severe  infectious  clisease, 
although  fever  was  absent,''  says  the  clinical  history.  "Chorea  was  present  in 
'exquisite'  form,  and  the  heart  was  markedly  affected.  There  was  also  a  striking 
increase  in  the  frequency  of  respiration,  without  any  positive  signs  in  the  lunes. " 

At  the  autopsy  (Ziegler),  a  slight  but  very  acute  endocaroitis  was  founa  on  the 
mitral,  at  the  line  of  closure  of  the  valves,  as  well  as  in  the  region  of  its  base.  Very 
small,  scarcely  visible  efflorescences  appeared  at  these  points  and  at  the  points  of 
insertion  of  some  of  the  tendinous  cords,  especially  on  the  aortic  flap,  which  was 
considerably  thickened  by  these  changes.  The  other  valves  had  remained  un- 
affected. 

The  central  nervous  system  did  not  show  any  conspicuous  changes  on  macro- 
scopic examination  except  edema  and  anemia,  but  Nauwerck  found  the  following 
lesions  microscopically: 

(1)  Inflammatory  foci  which  were  most  marked  on  the  floor  of  the  fourth 
ventricle  and  at  the  crura  cerebelli.  They  were  totally  absent  in  the  cerebellum 
and  in  the  basal  ganglia  of  the  cerebrum,  especially  in  the  optic  thalamus,  in  the 
crura  cerebri,  the  corpora  quadrigemina,  and  the  cortex  of  the  hemispheres.    The 

*  "Beitrage  zur  Pathologic  des  Muskelrheumatismus, "  "Deutsche  medicinische 
Wochenschrift,"  1894,  S.  1. 

t  "Ueber  Polymyositis,"  WOrzburg,  dissertation.  1892. 

i  "Deutsches  Archiv  fur  klinische  Medicin,"  Bd.  liv,  S.  407. 

§"Ueber  Chorea,"  Ziegler  und  Nauwerck,  "Beitrage  zur  pathologischen 
Anatomie  und  Physiologic,"  Bd.  i,  Jena,  G.  Fischer,  1886,  S.  409. 
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lower  half  of  the  medulla  oblongata  was  almost  free  from  inflammation,  and  the 
spinal  cord  was  entirely  so. 

(2)  Hemorrha^  were  most  numerous  in  the  pyramids,  in  the  internal 
capsule  on  both  sides,  as  well  as  in  the  inflamed  portions  of  the  medulla  and  of  the 
pons.  There  were  no  capillary  emboli,  but  the  effused  blood  was  frequently  so 
rich  in  white  corpuscles  that  "one  could  often  speak  of  a  true  hemorrhagic  inflam- 
mation." 

(3)  Degeneration  and  fatty  disintegration  of  the  nerve-fibers,  most  markedly 
in  the  cervical  region  of  the  cord,  eraduallv  diminishing  downward,  so  that  only  a 
few  isolated  fibers  were  degenerated  in  the  lumbar  region. 

The  entire  cross-section  of  the  spinal  cord  was  involved  in  this  degeneration, 
but  the  anterior  and  lateral  columns  were  especially  affected.  The  degenerative 
changes  were  almost  entirely  absent  in  the  other  parts  of  the  central  nervous  system, 
and  only  isolated  degenerated  axis-cylinders  without  any  fatty  degeneration  were 
noted  in  the  internal  capsule  and  in  the  whit«  matter,  especially  in  the  central  brain. 
The  peripheral  nervous  system,  examined  in  the  nerves  of  both  arms,  appeared  un- 
changed, and  the  same  was  true  of  the  roots  of  the  spinal  nerves. 

No  bacteria  were  found  anywhere,  although  the  pneumococcus  was  particularly 
looked  for,  inasmuch  as  a  "slight  pneumonic  consolidation  "  was  found  in  the  right 
lung. 

These  findings  show  that  severe  and  widely  different  changes  may 
occur  in  the  central  nervous  system  in  chorea.  Nauwerck  draws  the 
following  conclusions,  which  I  think  are  perfectly  justified:  "To  begin 
with,  admitting  the  possibility  that  an  inflammation  of  the  central  ner- 
vous system  is  capable  of  producing  chorea,  it  is  easy  to  understand  why 
the  clinical  picture  of  this  disease  is  so  variable.  The  inflammation  need 
not  be  so  extensive  as  in  our  case  (for  even  the  edema  which  was  found  at 
autopsy  was  probably  inflammatory  in  origin).  The  inflammation  may 
be  more  localized — possibly  it  may  be  only  unilateral,  and  may  either 
involve  the  cortex  more  extensively  or  else  may  leave  it  perfectly  free. 
According  to  the  location  and  extent  of  these  changes  the  symptoms 
will  be  either  predominantly  motor  and  sensory,  on  the  one  hand, — for 
example,  hemichorea, — or  the  psychic  symptoms  will  be  more  or  less 
pronounced,  on  the  other  hand. 

"  It  must  be  left  undecided  what  role  the  degenerative  processes  in  the 
nerve-fibers  play  in  chorea,  but  I  am  inclined  to  attribute  to  these  changes 
a  great  deal  of  significance  in  the  disturbance  of  motion,  as  they  are 
capable  of  impairing  conduction,  or  even  of  totally  destroying  some 
portion  of  the  motor  paths.  At  all  events  it  is  also  possible  that  the 
change  in  the  nerve-paths  in  itself  permits  contractions  to  enter  into  the 
clinical  picture  of  chorea. 

"  Small  inflanmiatory  foci  in  the  central  nervous  system,  such  as  I  have 
spoken  of,  may  heal  without  appreciable  permanent  changes.  We  may 
remember  the  frequent  cases  in  epidemic  cerebrospinal  meningitis,  in 
which  such  foci  are  almost  never  absent.  In  the  same  way,  nothing  pre- 
vents the  degenerated  nerve-fibers  from  returning  to  normal,  at  least 
so  long  as  the  degeneration  is  in  its  earlier  stages.  Possibly,  the  old  paths 
are  destroyed  and  others  are  formed  in  their  stead. 

"  On  the  other  hand,  the  inflammatory  foci  may  persist  and  may  finally 
lead  to  the  formation  of  sclerotic  patches,  or  else  the  degeneration  of  the 
nerve-fibers  may  so  extensively  involve  the  conduction  paths  that  they 
cannot  be  replaced  at  all,  or  only  imperfectly." 

I  think  that  it  is  perfectly  permissible  to  apply  this  fundamental  theory 
to  what  I  have  seen  and  described  here,  as  accompaniments  of  undoubted 
infectious  endocarditis.  It  was  only  in  case  XVIII  that  we  found  possible 
permanent  tissue  changes  in  the  spinal  cord,  which  were  also  peculiar  in 
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the  fact  that  they  combined  with  other  signs  indicating  a  renewed  infec- 
tion in  producing  an  aggravation  of  the  local  disease.  We  have  general 
analogies  for  such  a  course  of  events  in  what  is  known  as  locu8  minoris 
resistentice. 

In  all  other  cases  the  resemblance  to  what  is  observed  in  infectious 
chorea  is  very  close:  the  transitory  nature  of  the  symptoms,  their  varia- 
bility, and  finally,  in  most  cases,  their  termination  in  recovery.  Another 
resemblance  is  found  in  the  indefinable  localization  in  the  central  nervous 
system.  Most  often  the  disturbances  are  only  transient.  Thus,  Siemer- 
ling*  says  that  for  the  present  we  are  justified  in  assuming  that  *'the 
paradox  contraction  should  not  be  regarded  as  the  expression  of  an  organic, 
but  as  the  manifestation  of  a  functional,  disease  of  the  central  ner\'ous 
system." 

There  is  no  doubt  that  true  inflammations  may  also  occur  in  the 
muscles,  which  must  be  directly  traced  to  the  germs  of  the  disease  that 
have  settled  in  these  structures.  How  much  the  other  symptoms  which 
have  been  described  above,  and  which  occur  quite  rarely,  depend  immedi- 
ately upon  a  disease  of  the  muscle-fibers,  or  upon  some  or  any  distur- 
bances in  the  nerves,  is  a  question  which  for  the  present  can  scarcely  be 
definitely  answered. 

In  the  course  of  time  I  have  learned  to  pay  particular^attention  to  all 
these  symptoms,  because  they  occur  in  the  insidious  cases  of  endocarditis, 
and  possess  a  by  no  means  inconsiderable  diagnostic  value.  It  is  true 
that  I  could  not  find  an  inmiediate  connection  between  them  and  the 
endocarditis,  but  I  believe  that  they  are  manifestations  of  the  common 
cause  of  the  disease,  acting,  in  these  instances,  upon  the  nervous  system. 

THE  ORGANS  OF  THE  SENSES. 

The  Eyes. — Litten,  in  his  work  on  septic  affections,  paid  a  great  deal 
of  attention  to  the  disturbances  which  occurred  in  the  eyes  and  attributed 
a  great  diagnostic  value  to  ocular  symptoms  in  the  diagnosis  of  this  in- 
fection.- We  must  admit  without  reserve  that  he  was  correct  so  far  as 
the  cases  upon  which  he  based  this  study  were  concerned. 

It  is  a  question,  however,  how  far  the  conclusions  of  Litten  are  appUc- 
able  to  sepsis  as  a  whole.  His  material  included  the  most  severe  forms, 
especially  those  occurring  after  childbirth,  the  latter  constituting  a  group 
which  is  peculiar  in  the  intensity  of  the  infection.  Possibly,  it  is  on  ac- 
count of  this  difference  in  virulence  that  the  affections  of  the  eyes  play 
a  less  prominent  role  in  my  own  observations.  Litten  himself  t  practically 
admits  this  to  be  the  case. 

In  his  cases  endocarditis  was  very  frequent  (63  per  cent.,  more  of 
them  ulcerative  than  verrucous).  It  is  not  astonishing,  therefore,  that 
affections  of  the  eye  occurred  quite  frequently  in  these  patients.  The  fact, 
however,  that  even  the  most  severe  inflammations  which  destroy  the  eye 
have  been  seen  by  Litten  in  patients  who  had  no  involvement  of  the  heart 
teaches  us  that  they  may  occur  without  the  transmission  of  the  infection 
from  a  diseased  endocardium. 

Thus,  we  find  the  following  in  Litten's  principal  tablet : 

*  "Ein  Fall  von  schwerer  Neuropsychose,  Ausgezeichnet  durch  congenitale  Ano- 
malien  des  central  Nervensystems,"  "Charity  Annalen,"  Bd.  xxii,  1892. 

t  "Verhandlungen  des  Congresses  fOr  innere  Medicin,"  Bd.  vii,  S.  325  (1888). 
X  Ibid.,  p.  380,  etc. 
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"  Case  VIII. — ^Eyes:  On  the  left  side,  hemorrha^s  with  white  centers;  on  the 
right,  at  first,  hemorrhages;  then  panophthaknitis.  The  valves  were  intact. 
Bacterial  foci  were  found  in  the  heart  muscle. 

**  Case  XI. — Hemorrhages  in  both  retinae.  A  panophthalmitis  developed  later 
on  in  both  eyes.    The  heart  was  intact. 

*•  Case  XV. — Panophthalmitis  on  the  left  side;  on  the  right,  marked  chemosis, 
iritis,  and  perforation  of  the  cornea.     The  heart  was  intact.  *' 

On  the  other  hand,  the  eyes  may  remain  quite  free,  although  the 
endocarditis  has  fully  developed.  This  is  probably  the  most  frequent 
event.  In  Litten's  case  XXIV,  the  endocarditis  was  situated  in  the  valves 
of  the  pulmonary  artery,  but  the  eyes  remained  free. 

Romberg*  expresses  himself  as  follows:  '*The  embolic  formations 
of  the  retina  are  usually  sure  signs  of  malignant  endocarditis,  but  they  are 
not  present  in  more  than  a  quarter  of  the  cases,  and  apparently  are  to 
be  foimd  only  in  cases  running  a  comparatively  rapid  course."  It  is 
certainly  of  great  importance  to  pay  attention  to  the  eyes,  and  we  must 
thank  Litten  for  having  so  defmitely  called  our  attention  and  interest 
to  this,  and  fpr  bringing  out  the  characteristic  features  of  eye-involvement 
in  sepsis. 

Eversbuscht  makes  the  following  remarks  on  this  subject:  **The  so- 
called  septic  changes  in  the  retina  possess  a  certain  practical  significance, 
and  possibly  depend  either  upon  intoxication  or  upon  non-infectious 
capillary  embolisms.  In  some  cases  they  run  their  course  without  ap- 
preciable impairment  of  vision  and  in  this  respect  they  resemble  the  retinal 
changes  observed  in  severe  or  pernicious  anemia.  Ophthalmoscopically, 
they  appear  as  numerous  irregular  hemorrhagic  foci  and  yellowish-white 
spots  which  are  found  in  the  neighborhood  of  the  somewhat  indistinct 
and  hazy,  but  not  swollen,  papilla;  especially  at  the  points  of  division  of 
the  veins.  The  retina,  as  a  whole,  is  slightly  clouded,  while  its  periphery 
usually  remains  free.   . 

These  disturbances  in  the  nutrition  in  the  retina  which  appear  soon 
after  the  beginning  of  the  general  disease,  and  which  reappear  in  the  course 
of  it,  with  the  formation  of  new  hemorrhages,  do  not  possess  any  prognos- 
tic significance,  inasmuch  as  many  patients  recover  completely  after  the 
ophthalmoscopic  picture  has  become  perfectly  normal. 

In  a  case  of  endocarditis  (streptoccocic)  a  severe  involvement  of  both 
eyes  were  noted,  not  long  since,  in  the  Ophthalmological  Clinic  at  Tiibingen. 
My  esteemed  colleague.  Professor  Schleich,  was  good  enough  to  place  the 
clinical  history  at  my  disposal: 

Case  XX. — A  girl,  aged  eight  years,  admitted  November  9th,  died  November  13, 
1899.  The  child  had  been  well  until  June  of  that  year,  when  she  was  seized,  rather 
suddenly,  with  fever,  pains  in  the  joints,  severe  headache,  and  repeated  vomiting 
during  the  first  few  days.  In  the  beginning  of  July  there  was  swelling  of  the  feet, 
and  such  severe  djrspnea  that  the  patient  could  scarcely  be  kept  in  bed.  Her 
^ysician  diagnosticated  heart  disease.  She  improved,  but  in  August  had  a  relapse. 
Dyispnea,  swollen  feet  and  legs,  swollen  abdomen.  A  slight  remission  occurrea  in 
September.  In  October  there  was  a  marked  increase  in  the  local  symptoms,  but 
her  jgsneral  condition  had  improved. 

»ix  or  seven  days  before  aomission  the  girl  complained  of  blurrine  of  vision  and 
of  pains  in  the  right  eye.  No  noteworthy  external  inflammation  coula  be  discovered 
in  this  eye.     Her  physician  sent  her  to  the  ophthalmological  clinic. 

On  examination,  November  9th:  Left  eye:  Acuity  of  vision,  apparently  normal; 

*  "Handbuch  "  etc.,  pp.  982, 983. 

t  Penzoldt  and  Stintzmg, ''  Handbuch  der  speciellen  Therapie, ''  Bd.  i,  S.  655  (first 
edition).  A  detailed  account,  in  Litten,  p.  410,  etc.  See  also  "Diseases  of  the 
Eye  in  Relation  to  Other  Diseases,''  by  Schmidt-Rimpler,  this  series  (1898),  vol.  xxi. 
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at  any  rate,  more  than  fingers  at  five  meters.  The  eyes  were  pale;  the  media  clear, 
the  fundus  normal;  there  was  no  pain.  ^  The  right  eye:  Light-reflex  diminished. 
Cornea  clear,  anterior  chamber  shallow;  iris  thickiened  and  markings  quite  effaced. 
The  pupil  irregular,  narrow.  A  dense,  grayish-yellow  exudate  lay  in  the  pupil, 
projecting  somewhat  into  the  anterior  chamber,  and  completely  covering  the  aper- 
ture of  the  pupil,  so  that  nothing  could  be  seen  of  the  parts  of  the  eye  behind  it. 
The  pupil  aid  not  react  to  light  nor  to  atropin.  There  was  a  circular  posterior 
synechia.  There  was  also  slight  conjunctival  and  distinct  ciliary  congestion.  The 
ocular  tension  was  somewhat  diminished,  and  the  eyeball  was  slightly  painful  on 
pressure. 

Heart :  There  was  precordial  bulging,  a  pronounced  pulsation  over  the  entire  car- 
diac as  well  as  the  epigastric  region.  The  dulness  extended  above  to  the  third  rib,  on 
the  right  side  to  the  right  sternal  margin.  The  apex-beat  was  in  the  sixth  intercostal 
space,  one  finger-breadth  outside  of  the  mammary  line.  On  auscultation  there  was 
a  loud  systolic  and  a  diastolic  murmur  over  the  apex.  The  systolic  aortic  sound  was 
impure.  The  diastolic  pulmonary  sound  was  markedly  increased  in  intensity.  The 
lungs  did  not  show  any  abnormal  physical  signs.  An  enlargement  of  the  spleen  could 
not  be  demonstrated  with  certainty.  There  were  small  amounts  of  freely  movable 
fluid  in  the  abdominal  cavity,  and  edema  on  the  dorsal  surfaces  of  the  feet,  as  well 
as  of  the  ankles.  The  patient  complained  of  pain  in  the  ankles,  and  the  right 
ankle  and  the  right  leg  were  somewhat  sensitive  to  pressure.  The  urine  was 
free  from  albumin,  had  a  specific  gravity  of  1020,  and  was  dark  reddish-yellow  in 
color. 

On  November  12th  the  appearances  in  the  right  eye  were  unchanged,  but  in  the 
left  eye  the  following  was  noted:  There  was  no  external  irritation  in  this  eye.  The 
pupil  was  greatly  dilated  (atropin  on  the  tenth),  and  the  refractive  media  were  clear. 
The  margins  of  the  papilla  were  indistinct;  there  was  a  marked  congestion  of  the 
veins,  which  were  considerably  twisted  toward  the  periphery.  Directly  upward 
from  and  close  to  the  papilla  the  inverted  image  showed  two  whitish  foci,  close 
together  and  surrounded  by  markedly  dilated  and  tortuous  vessels.  A  little  further 
toward  the  periphery  a  few  isolated  hemorrhages  were  noted,  and  in  some  places  the 
small  vessels  seemed  to  be  interrupted.  There  was  marked  perivascular  hemor- 
rhage in  some  places.     (See  Plate  II.) 

Beginning  with  November  11th  there  were  increasing  disturbances  in  the  brain. 
The  patient  became  very  apathetic;  she  moaned  and  cried  at  times;  she  ate  very 
unwillingly,  and  passed  unne  and  feces  involuntarily.  On  the  following  day  the 
moaning  increased  and  she  cried  out  when  she  was  touched.  During  the  following 
night  the  girl  was  completely  unconscious,  no  longer  reacted  to  the  voice,  and  moaned 
and  cried  out  whenever  she  was  touched.  There  were  also  gritting  of  the  teeth  and 
a  slight  degree  of  opisthotonos.  The  plantar  reflexes  remained  unimpaired — the 
left  somewfiit  more  marked  than  the  right.  No  Trousseau's  phenomenon.  This 
condition  remained  to  the  end. 

Heart:  The  signs  of  dilatation  and  of  heart  failure  increased.  The  area  of  dul- 
ness became  enlarged,  reaching  1  cm.  to  the  right  of  the  sternal  border,  with  the  apex 
extending  almost  to  the  anterior  axillary  line.  The  heart-sounds  and  murmurs  were 
very  much  less  sharply  circumscribed.  There  was  a  thrill  over  the  entire  surface  of 
the  cardiac  area  and  the  neighboring  parts  of  the  chest.  There  was  marked  pulsation 
of  the  veins  of  the  neck  and  in  the  epigastrium,  increase  of  cyanosis  and  of  coolness  of 
the  extremities  and  the  face. 

No  new  affections  of  the  joints  and  bones  appeared,  but,  on  the  contrary,  those 
that  had  been  present  rather  unproved.  Swelling  of  the  spleen  could  not  be  demon- 
strated. The  temperature,  only  on  one  occasion,  reached  a  maximum  of  40°  C.  ( 104° 
F.),  while  the  minimum  was  37.2°  C.  (98.9°  F.).  The  distribution  of  the  tempera- 
ture was  distinctly  irregular.  The  pulse  was  small  and  irregular,  but  this  varied 
at  different  observations.  The  maximum  frequency  was  140  to  145;  the  minimum, 
112.  The  respiration  was  always  frequent  and  shallow,  the  maximum  being  48,  the 
minimum,  44. 

Death  occurred  on  November  13th  at  8.30  p.  m.  The  course  of  the  disease  was 
very  acute,  therefore,  from  the  time  when  the  disturbances  in  the  eye  appeared. 

The  autopsy  (Pathologic  Institute,  Dr.  Dietrich)  showed  the  foUow^ing  (abstract): 
After  the  sternum  had  been  removed,  the  lungs  contracted  completely.  The  entire 
space  beneath  the  anterior  chest-wall  extending  over  an  area  equal  to  that  of  the 
palm  of  the  hand  was  occupied  by  the  pericardium.  The  apex  was  at  the  lower 
border  of  the  fifth  rib  in  the  mammary  hne;  the  right  border  of  the  heart  was  ap- 
proximately in  the  right  mammary  line,  and  the  upper  border  at  the  level  of  the 
second  rib. 


PLATE  n- 


Left  eye,  reversed  picture.     The  white  patches  and  hemorrhages  are  explained  under 

the  case,  p.  280. 
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Heart:  Both  layers  of  the  pericardium  were  adherent  to  each  other  by  a  gelatin- 
ous mass  of  tissue^  and  were  covered  with  fresh,  partly  fibrous  and  partly  fibrinous, 
deposits.  There  was  a  large  hemorrhage  in  this  pericardial  deposit  over  the  left 
auricle.  There  were,  in  aadition,  ecchymoses  of  pinhead  size  scattered  over  the 
entire  heart.  The  heart  was  twice  as  lar^  as  the  hand  of  the  cadaver.  Its  anterior 
wall  was  formed  chiefly  by  the  right  ventricle ;  its  apex,  by  the  left  ventricle. 

Both  flaps  of  the  mitral  were  shortened,  thickened,  and  had  thick  vegetations 
at  their  borders.  These  excrescences  were  but  loosely  adherent  to  the  valve,  and 
were  almost  purulent  in  consistence.  The  tendinous  cords,  especially  those  of  the 
aortic  flap,  were  thickened  and  shortened,  and  showed  some  vegetations  at  the  apex 
of  the  aortic  flap  which  overlapped  other  tendinous  cords  that  were  inserted  there. 
The  endocardium  of  the  left  siae  of  the  heart  showed  smaller  excrescences  at  the 
entrance  to  the  aiu'icular  appendage.  The  other  valves  and  orifices  were  uninvolved. 
The  left  and  the  right  auricle  and  the  right  ventricle  were  dilated,  and  their  muscula- 
ture thickened. 

In  the  brain,  besides  diffuse  punctate  hemorrhages  and  edema,  there  was  an 
area  of  softening  with  considerable  hemorrhage  in  the  posterior  part  of  the  third 
temporal  convolution.  There  were  no  thrombi,  but  fluid  blood  everywhere.  There 
were  old  and  recent  hemorrhagic  infarcts  in  the  enlarged  spleen ( 12  cm.  long,  8  cm. 
wide,  and  3  cm.  thick),  the  capsule  of  which  showed  signs  of  acute  inflammation. 
There  were  similar  infarcts  in  the  kidneys.  There  was  a  slight  fresh  pleurisy,  but 
the  lungs  did  not  show  any  noteworthy  lesions.  The  liver  was  congested.  There 
was  a  slight  amount  of  ascites.  The  stomach  and  the  small  intestine  showed  ecchy- 
moses.   The  eyeballs  were  prepared  for  more  careful  examination. 

Bact«riologic  examination:  Cultures  from  the  blood,  obtained  from  the  finger- 
tip as  well  as  from  the  small  veins  at  the  elbow  during  life,  and  from  the  blood  in  the 
heait  after  death,  did  not  give  any  positive  results.  On  the  other  hand,  sections  from 
the  infarcts  in  the  spleen  showed  dense  masses  of  streptococci.  On  examination, 
the  various  miliary  abscesses  gave  no  satisfactory  results. 

This  is  a  case  which  I  classed,  from  the  first,  not  as  one  of  acute  articular 
rheumatism,  but  as  a  septic  infection  in  the  narrower  sense.  At  all  events 
— and  this  is  the  most  important  point  here — we  were  dealing  essen- 
tially with  an  endocarditis  localized  in  the  mitral,  which  continued  for  a 
long  time,  and  which  brought  about  death  through  emboli  and  finally 
through  heart-failure.  The  involvement  of  the  eyes  which  was  noted  in 
this  instance  is  quite  rare,  according  to  published  statistics.  A  fact 
which  deserves  especial  mention  is  that  the  right  eye  was  involved  first, 
and  that  the  left  followed  very  rapidly,  but  that  the  localization  of  the 
affected  portions  in  the  blood-vessels  differed  markedly  in  each  eye. 
Ophthalmologists  teach  that  panophthalmitis  may  in  some  cases  be  the 
only  sign  of  cr3rptogenous  sepsis,  and  may  often  be  accompanied  by  an 
ulcerating  endocarditis.* 

A  severe  puerperal  infection  is,  however,  a  much  more  frequent  cause 
of  these  ocular  involvements.  Litten  found,  in  his  thirty-five  cases,  five 
instances  with  double,  and  three  with  single,  panophthalmitis.  Among 
these  there  were  five  cases  of  puerperal  sepsis;  one  of  abscess  of  the  liver 
with  perforating  ulcer  of  the  stomach;  one  with  an  uncertain  diagnosis 
(symptomatic  anthrax  ?),  and  one  with  scarlet  fever.  In  four  cases  there 
was  also  ulcerative  endocarditis,  while  in  another  four  this  was  absent. 
Romberg  saw  forty-two  cases  of  acute  malignant  endocarditis  in  which 
one  only  had  suppurating  panophthalmitis.  I  believe  that  these  figures 
answer  the  question  as  to  the  frequency  of  eye-complications  in  the  vari- 
ous etiologic  types  of  sepsis. 

The  Ear. — ^Asidefrom  functional  disturbances,  affections  of  the  organ 

of  hearing  are  not  frequently  seen  in  sepsis.    Litten  collected  all  the  cases 

which  had  come  to  his  attention  (until  1881),  and  noted  that  he  had  never 

seen  severe  purulent  inflammations  of  the  middle  ear  with  perforation  of 

*  Schmidt-Rimpler,  loc.  dt.,  p.  464;  Eversbusch,  loc.  cit.y  p.  647. 
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the  drum  in  the  course  of  septicemia  and  allied  diseases.  On  the  other 
hand,  Biirkner*  says :  "Septicopyemia  not  infrequently  leads  to  purulent 
inflammation  of  the  tympanic  cavity,  with  a  distinctly  destructive  ten- 
dency, and  especially  with  a  rapid  and  extensive  destruction  of  the  mem- 
brana  t)anpani."  I  can  add  one  case  of  this  kind,  and  shall  report  it 
briefly: 

Case  XXI. — ^A  boy,  aged  twelve  years,  fell  ill  very  suddenly  on  May  31,  1886, 
with  a  sudden  chill.  He  was  admitted  on  June  1st,  when  an  atfection  of  the  heart 
was  already  evident,  and  the  further  course  of  the  disease  proved  that  the  heart 
trouble  was  localized  chiefly  in  the  aorta.  There  was  a  moderate  fever,  continuing 
for  four  weeks,  with  a  maximum  of  39.9**  C.  (103.8®  F.).  There  were  also  quite 
wide-spread  pains  in  the  bones,  but  no  swelling  of  the  joints.  The  spleen  was 
slightly  enlarged. 

On  June  6th  the  child  complained  of.  severe  pain  in  the  right  ear.  He  could 
hear  the  ticking  of  a  watch  only  at  a  distance  of  2  cm.  My  colleague,  Professor 
Wagenhauser,  found  the  following  appearances  in  the  ear:  The  drum  was  intact, 
but  markedly  congested,  especially  at  its  upper  portion.  There  was  an  exudate 
in  the  tympanic  cavity.  On  June  27th:  No  more  exudate  in  the  tympanic 
cavity.  The  drum  was  pushed  outward  by  masses  of  granulation  tissue,  especially 
by  its  posterior  and  lower  cjuadrant.  There  was  no  perforation  and  no  congestion. 
The  pains  in  the  ear  had  disappeared.  The  hearing  had  improved,  and  the  ticking 
of  a  watch  could  be  heard  at  15  cm.  July  12th  aJi  disturbances  had  disappearecT 
Whispered  conversation  was  heard  at  five  meters,  with  the  right  ear,  and  a  watch  at 
20  cm.      The  patient  was  discharged  cured. 

SKIN. 

In  the  majority  of  cases  the  symptoms  on  the  part  of  the  skin  which 
occur  in  endocarditis  belong  to  the  primary  disease,  and  not  directly  to 
the  heart  affection.  The  chief  interest  in  the  cutaneous  signs  lies  in  the 
fact  that  they  offer  not  unimportant  aids  in  the  recognition  and  interpre- 
tation of  more  obscure  cases  of  endocarditis.  It  is  possible,  however,  that 
the  involved  skin  ought  to  be  considered  as  a  part  of  the  general  disease. 

Hemorrhages, — ^The  occurrence  of  hemorrhages  into  the  skin  is  prob- 
ably intimately  related  to  the  severity  of  the  infection.  Litten  found 
hemorrhages  in  the  skin  in  twenty-one  of  his  thirty-five  fatal  cases.  We 
must  remember  that  the  "hemorrhagic  diathesis"  occurs  in  all  severe 
infections,  as  well  as  in  some  intoxications,  in  a  narrower  sense  of  the  word. 
Hemorrhages  also  may  be  found,  however,  in  patients  who  do  not  show 
any  signs  of  a  grave  general  infection. 

I  have  had  occasion  to  observe  cutaneous  hemorrhages  in  my  own 
cases,  and  in  some  instances  they  appeared  in  rather  unusual  places — as,  for 
example,  in  the  palm  of  the  hand,  in  case  XII.  Similar  observations 
were  made  by  Litten.  He  remarks  that  ''multiple  cutaneous  hemorrhages 
may  occur  from  time  to  time  in  the  course  of  chronic  recurrent  endocarditis 
without  any  indications  of  the  presence  of  a  general  septic  infection  in  the 
clinical  course  or  in  the  anatomic  findings." 

From  the  seven  clinical  histories  which  he  had  at  his  disposal  it  ap- 
peared that  these  cases  ran  their  course  without  any  fever,  or  with  but 
very  slight  elevations  of  temperature. 

The  hemorrhages  in  these  circumstances  may  be  so  limited  that  they 
can  be  noted  only  on  very  careful  examination  with  the  intent  of  finding 
them.    This  was  so  in  case  IV,  for  example. 

From  November  Ist  to  16th  there  were  cutaneous  hemorrhages,  the  largest  dl 
which  was  the  size  of  a  nickel.     Then  there  were  none  until  March  9th.     From 

♦  In  Penzoldt-Stintzing,  loc  cit.,  vol.  i,  p.  581. 
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this  day  on  until  March  14th  there  was  again  a  hemorrha^  of  the  size  of  a 
penny,  and  after  that  no  hemorrhages  were  seen  until  the  patient  was  discharged, 
June  21st. 

A  very  sharp  contrast  to  this  is  afforded  by  the  case  of  Litten  (Kauder- 
sky).*  The  patient  was  a  man  with  severe  septic  endocarditis  (fatal 
termination  within  four  days),  and  within  a  few  hours  extensive  hemor- 
rhages appeared  and  changes  occurred  in  the  effused  blood,  from  pale  red 
to  the  darkest  brownish-red,  literally  under  the  eyes  of  the  observers — 
the  physician,  as  well  as  the  artist. 

Erythema. — ^AU  forms  of  erythema  have  one  feature  in  common,  a 
congestion  of  the  skin, — which  may  or  may  not  be  accompanied  with 
slight  inflammatory  exudation.  Roseola  may  also  be  classed  in  this 
group,  but  we  have  seen  it  only  in  one  case  (case  XVI).  A  form  which  is 
much  more  frequent  is  that  known  as  erythema  multiforme,  together  with 
all  the  transitions  possible  toward  the  other  forms  of  erythema  which  are 
known  by  special  names.  Of  these  we  may  mention,  especially,  erythema 
nodosum  and  urticaria.  The  anatomic  changes  in  the  skin  of  the  in- 
volved portions  are  more  important  than  the  classification,  and  it  has  been 
found  that  inflammatory  processes  may  be  present,  not  only  in  a  mild 
form,  but  also  in  a  most  severe  type,  and  that  different  degrees  may  occur 
simultaneously  in  the  same  case. 

I  may  cite  case  VIII  as  an  example  of  different  cutaneous  lesions 
existing  at  the  same  time. 

At  the  end  of  the  first  week  of  the  disease  the  following  appearances  were  noted 
overnight:  The  chest,  the  arms,  the  back,  the  buttocks,  less  markedly  the  face,  and 
not  at  all  the  abdomen  and  the  lower  extremities,  were  covered  with  very  irregular 
blood-red  spots,  the  size  of  which  varied  from  that  of  the  head  of  a  pin  to  several 
centimeters  in  diameter.  Some  of  these  were  simple  hyperemias,  which  disappeared 
when  the  skin  was  stretched.  The  majority,  however,  consisted  of  ecchymoses  with 
infiltration  in  their  vicinity.  These  spots  projected  above  the  level  of  the  healthy 
skin;  their  color  varied  between  a  dark-rea  and  a  brownish-red,  and  some  of  them 
had  a  lighter  center;  a  few  showed  a  small  pustule  in  the  middle,  and  still  others 
showed  a  darker  center.  The  patient  complamed  of  burning  in  the  affected  portions 
of  the  skin.  On  the  following  morning  there  appeared  pronounced  wheals  (urticaria) 
on  the  left  arm,  which  at  first  were  pale,  with  a  swollen  base.  Toward  noon  they 
became  red,  and  in  the  evening  they  showed  distinct  effusions  of  blood.  By  the 
following  morning  several  such  spots  had  coalesced,  and  could  not  be  distinguished 
from  the  first  eruption.  The  cutaneous  affection  continued  in  variable  forms  until 
the  end  of  the  fifth  week  of  the  disease.     It  did  not  leave  any  traces. 

In  some  cases  the  erythemas  appeared  only  after  the  disease  had  lasted 
for  some  time.  Thus  it  was  in  case  XVIII,  where  they  appeared  after 
half  a  year,  and  in  case  XIX,  after  two  months. 

In  both  instances  a  relapse  brought  on  the  same  forms  of  eruption — 
polymorphous  exanthem  and  urticaria.  At  some  places  the  erythema 
continued  for  weeks  at  a  time,  and  persisted  especially  on  the  glabella 
(cases  III  and  XVIII).  The  individual  spots,  as  a  rule,  disappeared  in 
the  course  of  a  few  days. 

Here  Severe  Inflammations  of  the  Skin  and  of  the  Subcutaneous 
Tissue. — I  have  not  observed  these  very  frequently.  For  the  most  part, 
they  were  affections  which  at  first  resembled  erysipelas,  which  later  ex- 
tended more  deeply,  and  which  had  to  be  designated  as  phlegmons.  They 
occurred  as  early  symptoms,  or  even  as  the  first  sjonptoms  of  the  affection 
(case  XI),  or  sometimes  they  appeared  late  (case  XV).     I  shall  report 

*  Loc.  cit.f  p.  420,  and  also  plate  IV  of  the  second  volume  of  "Zeitschrift  fQr 
klinische  Medicin. " 
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briefly  a  case  in  which  there  was  an  extensive  destruction  of  the  super- 
ficial layers  of  the  skin,  which  occurred  rather  unexpectedly  from  within 
outward. 

Case  XXII. — A  woman,  aged  forty-three  years.  Her  illness  dated  from  the 
afternoon  of  February  4,  1886,  when  she  was  seized  with  a  sudden  chill,  followed  by 
angina.  On  the  sixth  a  circumscribed  edema  and  redness  appeared  on  the  left  cheek, 
the  region  of  the  neck  remained  free,  but  from  the  left  clavicle  downward  to  the  second 
rib  there  was  doughy  edema,  sensitive  on  pressure,  which  on  the  seventh  of  February 
is  said  to  have  extended  to  the  lower  border  of  the  thorax  on  the  left  side.  In  the 
course  of  that  day  this  edema,  as  well  as  the  redness  and  swelling  of  the  cheek, 
diminished  considerably.  An  eruption  appeared  during  the  night  from  the  seventh  to 
the  eighth.  The  color  of  this  eruption  was  pale  red  to  bluisn-red,  and  its  form  re- 
sembled that  of  erysipelas,  in  that  the  margins  advanced  in  zig-zag  outlines.  It 
differed,  however,  from  erysipelas,  because  there  was  a  great  deal  of  swelling  of  the 
subcutaneous  tissue,  and  there  were  pale  islands  in  the  middle  of  the  affected  regions. 
Narrow  projections  extended  into  the  neighborhood.  The  region  of  the  body  most 
markedly  affected  at  first  was  the  edematous  portion  already  described,  but  there 
were  extensions  beyond  this  part,  which  looked  as  though  the  skin  had  been  hit  with 
a  whip.  In  the  course  of  the  day  vesicles  appeared  upon  the  involved  portions, 
which  grew  to  bullse  of  the  size  of  a  hazel-nut.  When  these  burst  they  disclosed 
slightly  bleeding  granulated  surfaces  but  no  gangrenous  spots.  The  skin  affection 
extended  further  until  the  patient's  death,  on  February  14th.  This  extension  always 
took  place  in  such  a  way  that  there  was  at  first  a  slight  painful  edema,  which  was 
followed  by  redness  and  the  formation  of  bullse  after  a  considerable  time  (up  to 
thirty-six  hours).  On  examining  the  cadaver  (Professor  Ziegler)  large  numbers  of 
staphylococci  and  streptococci  were  found. 

In  this  case  the  destruction  of  the  skin  was  so  extensive,  and  the  heaUng 
of  the  involved  portions  was  so  slow,  that  if  the  patient  had  not  died  as 
the  result  of  the  severe  affection,  there  would  have  probably  been  the 
same  signs  as  those  observed  in  very  extensive  bums. 

A  severe  pemphigus-like  destruction  of  the  skin  was  also  noted  in  the 
case  of  ulcerating  endocarditis  reported  by  Litten.*  Suppurations  of  the 
lymphatic  glands  draining  the  portions  of  the  skin  involved  in  the  in- 
flammation have  also  been  seen  in  several  cases  (case  XI). 

Bacteria  have  been  found  in  several  instances,  either  in  the  involved 
portions  of  the  skin  or  in  the  neighboring  capillaries  (first  by  Leube). 
Litten  has  also  made  the  same  observation.  But  even  in  his  case  (Kauder- 
sky),  mentioned  above,  neither  emboli  nor  bacteria  were  found  within  the 
vessels  in  portions  of  skin  removed  during  Ufe,  as  well  as  after  death. 
In  my  own  investigations  I  have  always  obtained  a  negative  result  in 
those  cases  in  which  no  pustules  appeared.  The  latter  may  be  truly 
said  to  be  important  in  the  diagnosis  of  an  insidious  endocarditis — as,  for 
example,  the  following  case: 

Case  XXIII. — A  young  man,  aged  seventeen  years,  was  admitted  on  June  20, 
1893.  Eight  days  previously  he  had  been  taken  ill  with  indistinct  general  symp- 
toms, such  as  malaise,  headache,  and  loss  of  appetite.  At  first  nothing  was  founa  but 
extensive  pain  on  pressure  over  the  long  bones  and  over  the  muscles  of  both  thighs. 
The  hearths  action  was  irregular,  but  the  heart-sounds  remained  clear.  The  tem- 
perature rose  to  39.2°  C.  (102.5°  F.). 

On  the  twenty-third  numerous  circumscribed  pustules  from  the  size  of  a  pin- 
head  up  to  the  size  of  a  pea  very  suddenly  appeared  upon  the  skin  of  the  chest,  ab- 
domen, and  back.  The  pustules  had  smaU  vesicles  filled  with  yellow  contents  in  their 
centers,  and  were  surrounded  by  red  infiltrated  areas.  The  larger  ones  were  painful. 
They  resembled  small  furuncles.  On  examination  the  pustules  were  found  to  contain 
staphylococci  (culture).     The  spleen  was  enlarged  to  9  by  8  cm. 

Beginning  with  June  25th,  there  was  no  longer  any  rise  of  temperature.  Within 
the  next  few  days  the  area  of  heart  dulness  became  larger,  especially  upward,  and  the 

*  Loc,  cU.y  p.  430. 
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apex-beat  was  displaced  outward^  but  the  tones  remained  clear  as  before.  It  was 
only  beginning  with  July  5th  that  the  systolic  sound  over  the  aorta,  and  beginning 
with  the  eleventh  that  the  same  sound  over  the  mitral,  became  muffled,  faint,  and 
impure.  There  were,  in  addition,  a  slight  pericardial  friction-sound  over  the  base 
of  the  heart,  and  increasing  heart  failure.  There  was  cyanosis,  a  venous  pulse,  and 
when  standing  up  diuing  the  examination,  on  July  5th,  the  patient  fainted  and  could 
not  be  resuscitated  for  some  time.  There  were  marked  variations  in  the  frequency 
of  the  pulse  when  the  patient  was  lying  down  and  when  he  sat  up — as,  for  example, 
on  July  15th,  the  pulse  showed  84  and  120  beats,  respectively,  in  the  two  positions. 
The  area  of  dulness  was  increased,  and  the  apex-beat  extended  one  finger-breadth 
beyond  the  mammary  line,  but  remained  within  the  fifth  intercostal  space.  When 
the  patient  was  discharged,  the  heart  weakness  had  not  disappeared  entirely,  and  it 
looked  as  though  an  insufficiency  of  the  aortic  semilunar  valves  was  developing. 
The  patient  disappeared  from  observation,  but  inquiries  showed  that  he  was  able  to 
continue  working  at  his  trade  as  decorator. 

The  types  of  septic  erythema  which  involve  the  skin  surface  exten- 
sively, like  acute  exanthems,  especially  like  scarlet  fever,  are  probably 
due  to  the  products  of  metabolism  of  the  microbes  which  circulate  in  the 
blood.  They  resemble  a  number  of  skin  affections  which  are  caused  by 
the  ingestion  of  certain  drugs.  Whether  such  drugs  have  been  given 
or  not  is,  therefore,  an  important  question  to  be  asked  before  an  erythema 
can  be  available  for  diagnostic  purposes. 

JOINTS  AND  BONES. 

Affections  of  the  joints  and  bones  are  intimately  related  to  the  general 
infection,  but  in  exceptional  cases  the  bone  or  joint  disease  may  be  directly 
transmitted  from  the  heart.  It  is  difficult  to  determine  when  this 
takes  place,  and  this  particular  origin  of  the  joint  or  bone  trouble  is  of  very 
little  practical  importance. 

In  the  great  majority  of  instances  joint  involvement  is  noted  among 
the  first,  at  all  events  among  the  early,  manifestations  of  endocarditis. 
In  addition  to  tenderness  on  pressure  and  on  motion,  these  joints  usually 
show  redness  and  swelling.  An  effusion  may  be  entirely  absent  in  many 
cases.  When  an  effusion  is  present,  it  usually  is  not  very  abundant  and 
only  in  exceptional  cases  does  it  become  purulent.  Acute  articular  rheu- 
matism offers  the  well-known  picture  which  it  is  not  necessary  to  describe 
more  in  detail  here.  It  seems  to  me  that  in  those  mild  or  severe  forms  of 
endocarditis  which  do  not  coexist  with  acute  articular  rheumatism  in  the 
narrower  sense,  it  is  the  epiphyses,  the  joint  capsule  as  a  whole,  and  the 
ligaments,  which  are  more  markedly  affected,  and  not  the  serous  lining 
of  the  joint  itself.  The  transient  nature  of  the  articular  involvements 
speaks  in  favor  of  the  idea  that  they  arise  usually  only  through  irritation 
by  the  products  of  metabolism  of  the  pathogenic  microbes  circulating  in 
the  blood,  rather  than  from  a  localization  of  the  germs  themselves.  This 
view  is  confirmed  both  by  clinical  observation  and  by  the  fact  that  the 
joints  usually  show  very  few  changes,  and  that,  with  a  few  exceptions, 
they  give  entirely  negative  bacteriologic  results.  On  the  other  hand, 
when  the  germs  of  sepsis  enter  into  a  joint  in  large  numbers  and  multiply 
therein,  as  they  do,  for  example,  quite  frequently  in  puerperal  infections, 
it  is  not  at  all  rare  to  find  suppurative  arthritis. 

The  same  remarks  apply  to  the  involvement  of  the  bones.  In  most 
instances  the  osseous  affections  are  mild,  and  often  cannot  be  recognized 
without  a  special  examination.  He  who  would  wait  until  he  sees  a  case 
of  Chassaignac's  ''bone  typhoid"  would  probably  accompany  the  grand- 
children of  the  patient  suffering  with  bone  sepsis  to  their  grave. 
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It  is  ordinarily  the  diaphyses  of  the  long  bones  that  must  be  examined; 
but  the  bones  of  the  hand,  the  foot,  the  ribs,  the  ilia,  and  least  frequently, 
probably,  those  of  the  skull,  must  also  receive  attentjon.  Clinical  ex- 
amples may  be  found  in  most  of  the  cases  related  in  this  treatise. 

SPLEEN,  LIVER,  STOMACH,  AND  INTESTINES* 

In  severe  general  infections  the  spleen  is  markedly  enlarged,  but  even 
in  the  milder  cases  this  enlargement  is  not  entirely  absent.  This  must  be 
proved  by  percussion,  and  the  spleen  can  be  palpated  clearly  only  in  those 
cases  in  which  heart  weakness  has  existed  for  a  long  time  along  with  the 
endocarditis.  The  friction-sound  which  is  heard  during  the  respiratory 
movements  of  the  organ,  whenever  the  capsule  is  involved  in  an  inflam- 
matory process,  may  be  of  importance  in  diagnosis.  This  friction-sound 
may  be  heard,  not  at  all  infrequently,  even  in  mild  cases  of  general  in- 
fection, and  even  in  those  instances  in  which  an  increase  in  the  area  of 
splenic  dulness  cannot  be  demonstrated  with  certainty.  Infarcts  of  the 
spleen,  as  a  rule,  do  not  show  any  special  signs,  and  one  must  be  very  much 
on  the  lookout  for  these  in  order  to  make  a  diagnosis  of  their  possible 
presence.  [Suddenly  forming  infarcts  of  2  cm.  diameter  or  more  can  very 
often  be  recognized  by  pain  and  tenderness  over  the  spleen.  They  are 
often  useful  in  prognosis,  with  reference  to  embolisms  in  other  organs. 
—Ed.] 

But  little  is  to  be  said  of  the  liver.  As  we  know,  general  jaundice  may 
occur  in  severe  sepsis,  and  is  an  almost  certain  sign  of  death.  A  slight 
yellow  tinge  in  the  conjunctiva  is  found  at  times  in  the  milder  infections, 
but  is  not  of  importance.  The  signs  which  are  observed  in  the  liver  in 
cases  of  heart  weakness  correspond  to  the  degree  of  involvement  of  the 
heart  muscle  in  the  pancarditis. 

The  friction-sound  over  the  liver  has  about  the  same-value  as  that  over 
the  spleen,  but  I  believe  that  the  former  is  somewhat  less  frequently 
observed. 

If  dyspeptic  signs  be  regarded  as  evidences  of  functional  disturbances 
in  the  stomach,  then  we  must  say  that  this  organ  is  almost  regularly 
involved  in  endocarditis.  Loss  of  appetite,  which  may  increase  to  a 
positive  disgust  at  the  sight  of  food,  is  a  symptom  which  occurs  with 
especial  frequency.  I  have  observed  it  even  in  those  cases  in  which  there 
was  but  a  slight  general  involvement  of  the  body.  In  cases  of  recurrent 
endocarditis,  accompanied  by  severe  disturbances  in  the  heart's  action, 
a  true  gastric  catarrh  and  circumscribed  hemorrhages  of  the  gastric 
mucosa  are  found  in  the  cadaver — for  example,  in  case  XIV. 

Severe  diarrheas  occur  in  some  cases  (during  the  entire  second  week 
of  the  disease,  in  case  XI),  but,  on  the  whole,  are  rather  a  sign  of  general 
severe  septic  infection,  especially  of  puerperal  infection,  in  which  the  endo- 
carditis is  not  a  very  prominent  element.  I  cannot  give  general  rules  as  to 
the  intestinal  function  in  chronic  endocarditis,  but  usually  constipation  is 
found.  In  some  instances,  however,  extensive  changes  occur  in  the  in- 
testines, as,  for  example,  in  the  following  case: 

Case  XXIV. — ^A  man,  forty-nine  years  old  at  the  first  admission,  June  10, 1882. 
died  on  January  5,  1885.  I  shall  give  only  a  few  short  notes  on  the  first  period 
of  the  disease:  The  illness  began  with  dyspeptic  symptoms  of  which  the  patient  had 
complained  at  frequent  intervals.  The  attack  set  in  after  an  indiscretion  in  diet, 
beginning  with  chills  and  severe  headache.  The  fever  was  very  irregular,  rising  to 
39.9°  C.  (103.8°  F.).    The  spleen  was  swollen,  maximum,  14  by  9  cm.     At  the  be- 
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ginning  of  the  second  week  of  the  disease  there  appeared  inflammatory  edemas  of  the 
skin,  the  subcutaneous  tissue,  and  the  muscles,  accompanied  by  severe  pain.  These 
edemas  involved  various  parts  of  the  bodv,  and  usually  ciisappeared  within  a  short  time. 
They  persisted  for  aJonger  period  in  the  region  of  the  left  kidney  and  in  the  right 
leg.  It  is  probable  that  thrombi  had  formed  in  the  smaller  vessels  of  the  Involved 
muscles.  There  was  also  pain  in  several  of  the  long  bones,  but  only  for  a  short  time. 
The  joints  were  but  slightly  involved.  A  variety  of  erythemas  appeared  from  July 
10th  to  August  15th. 

The  heart  action  was  at  first  excited,  and  later  on  became  weaker  and  weaker 
and  very  irregular.  Small  amoimts  of  albumin  appeared  for  a  short  time  in  the 
urine.  The  patient  was  discharged  on  August  20th.  At  that  time  the  signs  of 
heart  weakness  had  not  disappeared  entirely,  but  no  valvular  lesion  could  be  made 
out.  During  the  following  year  this  man  could  not  do  his  full  measure  of  work^  al- 
though he  was  constitutionally  very  strong.  He  continued  to  be  troubled  with 
dyspepsia,  vertigo,  and  vomitmg.  From  time  to  time  his  right  leg  would  swell 
and  the  eruption  would  appear  on  the  skin.  The  patient  himself  found  out  that  the 
heart  was  severely  affected,  and,  especially  in  the  last  part  of  the  year,  he  often 
suffered  from  a  recurrence  of  "weakness.'' 

Second  admission,  from  December  3,  1884,  to  death,  January  5,  1885: 

The  affection  of  the  heart  waa  well  marked.  The  area  of  dulness  had  increased 
but  little,  and  there  were  no  characteristic  signs  on  auscultation  that  pointed  to  a 
valvular  lesion.  The  heartnsounds,  however,  were  very  faint,  especially  the  aortic, 
and  the  pulse  was  small  and  usually  slightly  irregular.  There  was,  in  addition,  a 
marked  feeling  of  weakness,  and,  not  infrequently,  fainting  spells,  while  on  several 
occasions  there  were  severe  attacks  of  stenocardia. 

There  was  slight  but  persistent  elevation  of  temperature  (38.6®  C.(  101. 4*»F.), 
maximum).  There  were  scattered  petechise  on  the  skin.  On  December  10th  there  was 
a  severe  attack  of  cardiac  asthma,  which  was  accompanied  by  a  severe  pain  in  the  left 
renal  region ,  radiating  toward  the  sacrum  and  into  the  left  arm.  The  pain  became  more 
severe  on  pressure  over  the  region  of  the  kidney,  and  on  the  left  side  on  pressure  be- 
neath the  ribs.  The  pain  gradually  disappearecf  until  the  fifteenth.  Beginning  with 
December  17th  there  was  vomiting  ana  pain  in  the  stomach,  recurring  in  varying 
degrees  of  severity  almost  daity,  and  accompanied  bv  increasing  loss  of  appetite. 

Beginning  with  the  evenmg  of  January  3,  1885,  the  patient  vomited  mucus, 
bile,  and  then  blood  almost  every  half  hour.  The  abdomen  became  swollen  and 
increasingly  painful.  On  the  afternoon  of  Januanr  4th,  blood  also  appeared  in  the 
stools.  The  patient- died  toward  midnight  on  January  5th,  with  severe  signs  of 
collapse  and  extremelv  acute  pains  in  the  abdomen. 

The  autopsy,  performed  twelve  hours  postmortem  (Professor  Ziegler),  showed 
the  following  (abstract):  On  opening  the  abdomen  that  cavity  was  found  to  contain 
a  dark,  reddish-black  fluid  and  to  exhale  a  gangrenous  odor.  The  loops  of  small 
intestines  protruded  and  were  diffusely  red.  Three  loops  in  the  left  side  of  the  abdo- 
men were  dark  reddish-black  in  color;  their  walls  were  hemorrhagically  infiltrated, 
and  their  mesentery,  which  was  rich  in  fat,  was  dark  reddish-brown  and  showed  a 
nimiber  of  hemorrhages.  The  omentum  was  rich  in  fat,  was  rolled  up,  and  showed 
enlarged  veins,  but  no  infarcts.  The  veins  from  the  infarcted  area  itself,  as  well  as 
from  the  nei^borine  portions  of  the  intestine,  were  filled  with  soft,  dark,  reddish- 
black  thrombi,  which  were  slightly  adherent  to  the  venous  walls,  and  which  showed 
in  their  central  portions  dark,  brownish-red,  soft,  pultaceous  masses.  No  thrombi 
were  found  in  the  infarcted  area  in  the  branches  of  the  superior  mesenteric  artery,  at 
least  not  so  far  as  one  could  follow  them  with  the  scissors.  The  large  arteries  branch- 
ing from  the  abdominal  aorta  were  also  free.  The  main  trunk  of  the  portal  vein 
contained  fluid  blood,  but  adherent  thrombi  were  found  in  the  main  branches  of  the 
right  lobe  of  the  liver.  These  thrombi  consisted  externally  of  a  dark,  grayish-red 
mass,  and  in  their  centers  of  a  yellowish-red  soft  substance. 

The  wall  of  the  intestine  in  the  infarcted  area  was  thickened,  and  the  mucosa 
and  submucosa  were  hemorrhagically  infiltrated.  The  intestine  contained  reddish- 
black  blood,  and  the  intestinal  contents,  even  outside  of  the  infarcted  area,  consisted 
largely  of  blood. 

The  stomach  contained  a  little  bloody  fluid.  Its  mucosa  was  slightly  reddened, 
but  showed  no  infarcts.  Profuse  hemorrhages  were  present  in  the  duodenum,  and 
also,  mixed  with  a  small  amount  of  feces,  in  the  colon.  The  spleen  was  quite  firmly 
adherent  to  its  surrounding  tissues  and  was  16  cm.  long  by  8  cm.  wide.  Under  the 
adhesions  its  periphery  showed  cicatricial  foci  with  caseous  contents.  In  one  of  the 
veins  there  was  a  comparatively  fresh  thrombus  with  a  soft  center. 

The  left  suprarenal  capsule  was  hemorrhagic  in  its  medullary  substance,  and 
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there  was  hemorrhagic  infiltration  of  the  peritoneal  tissue.  Nothing  of  importance 
appeared  in  the  kidney  except  a  small  scar  on  the  left  side,  due  to  a  healed  infarct. 
The  liver  was  anemic,  yellowish-brown  in  color. 

The  heart  was,  on  the  whole,  flabby,  only  slightly  dilated,  and  did  not  contain 
anv  old  clots.  On  the  right  side  its  muscular  structure  was  flabby,  without  consider- 
able changes;  nor  did  appreciable  changes  appear  in  the  valves.  On  the  left  side 
the  muscle-fibers  were  remarkably  flabby,  and  on  section  appeared  moist  and  yellow- 
ish-brown in  color.  The  aortic  valves  showed  but  unimportant  thickenings  at  their 
nodules  and  a  slight  thickening  at  the  base  of  the  right  flap.  A  small  gelatinous 
vegetation  appeared  on  the  posterior  flap,  below  the  nodule.  Some  of  the  tendinous 
cords  of  the  mitral  were  slightly  thickened.  The  flaps  were  not  shortened,  and  the 
auricular  side  of  the  flap  at  the  line  of  junction  showed  a  smooth  thickening,  upon 
which  was  found  a  small  vegetation,  consisting  of  five  minute  nodules.  The 
posterior  flap  showed  a  small  patch  of  granulation,  and  another  little  growth  was 
noted  at  the  inner  surface,  where  the  flap  passed  into  the  endocardium.  The  endo- 
cardium of  the  left  auricle  was  markedly  opaque  and  white.  The  coronary  arteries 
were  dilated,  but  showed  no  special  changes. 

The  lungs  showed  congestion  and  edema,  but  no  foci.  Microscopically  (Professor 
Nauwerck)  the  heart  (Jieit  ventricle,  sections  through  the  entire  thickness  of  the 
wall)  showed  diffuse  but  slight  cloudy  swelling.  No  fatty  degeneration  was  present, 
but  there  was  a  slight  increase  in  the  pigment  of  the  heart  muscle.  There  were  no 
small-celled  inflammatory  infiltrates.  The  vessels  were  markedly  dilated,  and  there 
were  small  isolated  hemorrhages.  No  germs  were  found  either  in  the  heart  or  in 
the  mesentery  (Gram 's  stain). 

It  was  clear,  even  after  the  first  admission,  that  there  was  septic 
infection  in  this  case.  This  patient  was  seen  at  a  time  when  cases  of 
cryptogenetic  sepsis  were  quite  frequently  seen  in  our  hospitals.  Without 
any  clear  signs  of  an  involvement  of  the  valves,  the  heart  weakness  became 
marked  from  the  first,  and  continued  as  the  case  progressed.  The  autopsy 
showed  that  the  endocardium  of  the  left  auricle  must  have  been  deeply 
involved,  even  at  that  time.  The  anatomic  examination  of  the  heart- 
muscle  gave  a  positive  result,  but  was  this  sufficient  to  explain  the  great 
deficiency  in  the  work  of  the  heart? 

The  venous  thrombi  which  led  to  the  formation  of  infarcts  in  the 
intestine  could  not  be  interpreted  otherwise  than  as  a  marantic  thrombosis. 
It  is  not  clear,  however,  why  these  thrombi  should  have  occurred  in  the 
intestine,  and  why  there  were  no  peripheral  edemas  or  other  signs  of  heart 
weakness.  [It  seems  more  rational  to  assume  that  the  thrombi  were 
septic.  The  technic  used  was  too  rudimentary  to  warrant  the  exclusion 
of  sepsis. — Ed.] 

While  the  patient  had  been  suffering  from  dyspeptic  symptoms  for 
years,  no  anatomic  cause  could  be  found  for  these  signs,  and  we  gain 
nothing  by  sa3dng  that  the  stomach  or  the  gastro-intestinal  tract  was  a 
place  of  least  resistance  in  this  patient. 

BLOOD.  GENERAL  NUTRITION. 

Great  pallor,  weakness,  and  extreme  emaciation  may  occur  at  the 
beginning  of  an  endocarditis,  even  when  the  signs  of  a  severe  infection  are 
absent.  This  is  very  frequently  seen,  but  very  often  we  cannot  understand 
why  it  should  be  so.  It  was  impossible  for  me  to  piuBue  the  necessary 
investigations,  as  it  is  only  rarely  that  I  get  an  opportunity  to  weigh  the 
patients  in  the  Policlinic,  much  less  to  perform  experiments  in  metalx)lism. 

To  begin  with,  we  must  know  that  each  case  must  be  tested  for  itself, 
as  we  are  dealing  with  a  great  variety  of  germs  which  may  have  very 
different  effects  upon  the  blood  and  the  general  nutrition.  Especial 
interest  is  attached  to  the  cases  in  which  the  infectious  general  disease 
falls  into  the  background,  and  in  which  but  slight  temperature  elevations 
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are  noted,  while  the  heart's  action,  although  less  vigorous  than  normal, 
cannot  be  said  to  be  actually  weak.  In  case  IV,  for  example,  in  which 
these  conditions  obtained^  the  anemia  and  the  emaciation  were  pro- 
nounced and  lasted  for  a  considerable  time. 

The  behavior  of  the  blood  in  acute  articular  rheumatism  has  been 
described  by  Pribram.*  This  author  reports,  from  his  own  observations, 
that,  as  a  rule,  the  number  of  red  corpuscles  and  the  percentage  of  hemo- 
globin (method  of  Fleischl)  are  not  so  low  as  might  be  supposed  from  the 
marked  pallor  of  the  skin  and  of  the  visible  mucous  membranes. 

This  is  not  so  in  the  cases  of  heart  disease  which  are  accompanied  by 
sepsis.  Romberg  t  reports  an  interesting  case  which  may  be  quoted  as 
an  example,  although,  unfortunately,  only  a  short  summary  of  it  is  given: 

''In  two  cases,  I  have  known  the  cryptogenetic  sepsis  which  accompanied  malig- 
nant endocarditis  to  end  fatally  in  the  course  of  several  months,  under  the  clinical 
appearances  of  severe  anemia.  Judging  by  the  examination  of  the  blood,  bv  the 
jMiipable  splenic  tumor,  by  the  enlargement  of  the  liver,  and  by  the  fever  whicn  was 
continuous  in  one  case  ana  interrupt^  by  intervals  of  a  week's  duration  in  the  other, 
we  were  inclined  to  consider  these  cases  as  instances  of  that  group  of  diseases  which 
is  known  as  pseudoleukemia.  The  signs  on  the  part  of  the  heart  (dilatation,  mitral 
insufficiency)  were  interpreted  as  evidences  of  anemia."  Only  the  autopsy  showed 
the  true  character  of  the  disease. 

[In  a  cryptogenetic  case  with  no  stainable  germs  in  the  vegetations, 
but  with  streptococci  in  the  late  splenic  infarcts  (blood  culture  during 
life  negative),  I  made  a  correct  diagnosis  five  months  before  death,  the 
previous  diagnoses  having  been  t)rphoid  fever  and  malaria.  But  in  the 
further  course  there  was  grave  doubt  as  to  the  correctness  of  the  diagnosis, 
since  there  was  no  change  in  the  heart, — soft  systolic  murmur  without 
enlargement,  no  arthritic  or  skin  signs,  very  low  irregular  fever, — ^but 
anemia  and  gradual  enlargement  of  liver  and  spleen,  the  latter  without 
pain  until  just  before  death.  Splenic  anemia  and  Banti's  disease,  tuber- 
culosis and  biliary  infection,  were  considered.  In  the  two  weeks  before 
death  pain  in  the  spleen,  later  petechise,  and  slight  convulsions  caused  a 
more  distinct  picture.  The  alterations  in  the  heart  were  almost  exactly 
like  those  in  one  of  my  (streptococcus)  cases  of  pseudomalarial  endocar- 
ditis.    In  some  cases  pernicious  anemia  has  been  simulated. — Ed.] 

GrawitzJ  pursued  detailed  investigations  on  this  subject.  His  chief 
conclusion  was  that  a  marked  diminution  in  the  specific  gravity  of  the 
blood  takes  place  in  septic  diseases,  which  is  on  the  average  much  more 
pronounced  in  these  cases  than  in  other  infectious  diseases,  and  de- 
velops within  a  shorter  time. 

Both  the  red  blood-cells  and  the  serum  of  the  blood  participate  in 
this  change.  As  positive  proof  of  the  rapid  destruction  of  red  blood-cells 
of  which  he  speaks,  Grawitz  cites  a  case  of  puerperal  sepsis  in  which  the 
niunber  of  red  blood-cells  fell  to  300,000  within  the  first  twenty- 
four  hours,  and  the  total  residue  of  the  blood  on  drying  was  only  14.5 
per  cent.,  instead  of  21  per  cent,  or  22  per  cent.,  as  normally  found.  This 
observation  was  made  in  a  patient  in  whom  abortion  had  been  roughly 
brought  on,  and  who  had  been  infected  with  staphylococci  during  the 
operation.  The  diminution  in  the  number  of  red  blood-cells  and  of  the 
dry  residue  was  so  marked  in  all  cases  that  there  was  no  doubt  as  to  the 
correctness  of  the  author's  conclusion.    Whenever  the  dry  residue  of  the 

♦  Loc,  eU,,  note  table  on  p.  213.  t  " Handbuch, ''  p.  981. 

X  R^um^  in  his  "Klinische  Pathologic  des  Blutes,"  Berlin,  Otto  Enslin,  1896, 
p.  265.    The  entire  literature  of  the  subject  is  there  reviewed. 
19 
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blood  as  a  whole  became  less  than  15  per  cent.,  every  patient  obsen^ed 
died. 

The  serum  also  became  considerably  thinner  in  these  cases.  Grawitz 
attributes  this  to  the  fact  that  the  metabolic  products  of  the  pus-cocci 
exercise  a  lymphagog  influence,  that  is,  they  produce  an  absorption 
of  the  tissue-fluids  into  the  blood,  such  as  has  been  demonstrated  by 
Heidenhain  in  the  case  of  the  extract  of  leeches. 

The  following  table  is  taken  from  the  dissertation  of  Roscher,*  who 
worked  under  Grawitz's  direction: 


Number  of 
Blood-celus  in 

Dry  Residue. 

Name. 

Age, 
Yeabs. 

Day  OF 
Disease. 

Date  of 
Examina- 
tion. 

Temperature. 

Thousands. 

Percentage. 

Red. 

White.  |  Blood. 

Serum. 

Mrs.  H. 

30 

Middle 

January  4, 

38.0°  C. 

2575 

16.0      14.05 

7.24 

of 

1894. 

Novem- 

ber, 1893 

Girl, 

28 

End  of 

November 

38.2<»C. 

2750 

8.8 

11.33 

7.02 

L. 

October, 

15th 

1893 

November 
16th 

36.8<»C. 

10.58 

6.84 

Laborer 

32 

May, 

November 

39.2«C. 

4400 

16.8 

16.48 

9.21 

W. 

1893 

8th 

November 

38.6*  C. 

12.0 

15.78 

9.33 

9th 

Three  cases  of  endocarditis  are  here  reported.  In  each  instance  the 
affection  was  recurrent  and  was  proved  at  the  autopsy  to  have  been  present. 
In  the  last  case  the  affection  was  caused  by  the  pneumococcus,  which, 
however,  did  not  seem  to  be  very  virulent.  Further  investigations  are 
necessary  to  clear  up  this  point. 

The  number  of  leukocytes  need  not  be  necessarily  increased.  However, 
opinions  still  differ  on  this  point. 

[In  cases  without  other  causes  of  leukocytosis  the  latter  gives  impor- 
tant aid.  But  in  many  cases  there  is  no  leukocytosis  or  a  very  slight  one. 
"Sometimes  pyogenic  cocci  can  be  cultivated  from  the  blood,  and,  if 
present,  may  be  of  the  greatest  value  in  a  diagnosis  always  difficult  to 
make.  Blood  cultures  should  never  be  omitted"  (Cabot).  Besides  the 
pus-cocci  and  the  gonococcus,  the  Bacillus  aerogenes  capsulatus  (Gwyn, 
1900)  has  been  so  cultivated. 

The  opsonin  method  offers  the  prospect  of  great  assistance  in  the 
diagnosis  of  endocarditis. — Ed.] 


DIAGNOSIS. 

Whoever  wishes  to  recognize  endocarditis,  which  always  appears  as 
a  local  feature  of  a  general  disease,  must,  in  the  first  place,  determine 
whether  there  are  signs  indicating  the  presence  of  such  diseases  as  are 
known  to  involve  the  heart.  These  affections  have  already  been  men- 
tioned above. 

*  "  Blutuntersuchungen  bei  septischem  Fieber,"  Berfin,  1894. 
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I  shoujd  like  to  lay  particular-stress  upon  the  discussion  of  the  diagnosis 
of  those  cases  which  begin  insidiously  and  pursue  a  slow  course.  In  the 
great  majority  of  instances  these  are  produced  by  septic  infection.  In  its 
mild  forms  the  latter  offers  no  characteristic  signs,  or  but  very  few  such 
evidences  that  it  can  be  made  out  at  first  sight. 

I  must  again  emphasize  here  that  I  am  standing  independently  in  my 
views  on  this  question.  I  can  vouch  for  the  trustworthiness  of  my  obser- 
vations, but  whether  the  same  observations  can  be  made  ever3rwhere  with 
the  same  frequency,  and  whether  the  conclusions  which  I  have  drawn 
from  them  apply  everywhere,  are  quite  different  questions. 

One  thing  is  certain:  All  infectious  diseases,  without  any  exception, 
may  vary  as  to  their  clinical  manifestations,  both  as  regards  the  extent 
of  the  general  disease  and  as  regards  the  more  or  less  severe  involvement 
of  various  organs.  These  variations  are  so  great  that  it  is  impossible 
to  lay  down  hard  and  fast  rules  for  this  class  of  diseases  as  a  whole  from  the 
limited  experience  of  a  single  individual.  This  applies  especially  to 
those  cases  in  which  the  effect  of  the  disease-producing  germs  is  weak. 
In  every  epidemic  we  find  cases  varying  from  the  mildest  to  the  most 
severe  forms.    Scarlet  fever  is,  perhaps,  the  best  example. 

On  the  basis  of  my  observations,  as  discussed  above,  I  shall  briefly 
summarize  the  important  points  in  the  diagnosis  of  endocarditis. 

U    GENERAL  SYMPTOMS* 

The  Behavior  of  the  Temperature. — Here  we  must  pay  attention, 
not  so  much  to  the  absolute  values,  as  to  the  distribution  of  the  tempera- 
ture over  the  twenty-four  hours,  and  the  irregularity  of  the  temperature- 
curve,  which  in  healthy  persons  corresponds  so  closely  to  the  time  of  day. 
We  have  seen  that  this  may  occur  both  in  severe  and  in  mild  cases.  We 
also  find  that  in  patients  who  have  been  kept  under  observation  for  a  long 
time,  rises  in  temperature  may  occur  for  a  shorter  or  a  longer  time, 
which  often  cannot  be  traced  to  any  cause.  These  changes  in  the  tem- 
perature of  the  body  are  certainly  not  pathognomonic  signs.  The  same 
phenomena  may  be  seen — in  fact,  very  frequently — in  slowly  developing 
tuberculosis.* 

The  septic  diseases  which  are  complicated  with  endocarditis  are  more 
frequently  mistaken  for  tuberculous  diseases  with  slight  local  symptoms 
than  for  any  other  maladies.  We  must  always  be  on  the  lookout  for 
the  possibility  of  a  tuberculous  process;  especially  so,  because  another  set 
of  symptoms  is  common  to  both  tuberculosis  and  sepsis:  namely,  the 
more  marked  loss  of  strength  and  flesh,  the  greater  pallor  of  the  skin  and 
of  the  visible  mucous  membranes,  all  of  which  signs  are  more  inarkedly 
developed  in  endocarditis  and  in  tuberculosis  than  is  accountable  from 
the  other  clinical  signs;  that  is,  the  fever,  etc. 

These  signs  must  be  utiUzed  cautiously,  of  course;  for  the  extent  of 
general  disturbance  which  is  produced  by  a  disease  in  each  individual 
varies  to  a  very  great  degree.  The  physician  who  has  been  treating  the 
patient  repeatedly  is  more  apt  to  be  in  a  position  to  form  an  opinion.  At 
all  events,  it  must  be  admitted  that  no  one  can  guarantee  that  nothing 
else  is  the  matter  with  the  patient  except  the  disturbances  which  have  been 
recognized. 

*  Dennig,  "Ueber  Tuberculose  im  Kindesalter,"  Leipzig,  F.  C.  W.  Vogel,  1896, 
8.  187. 
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2.    LOCAL  HANIFESTATIONS. 


Among  these  I  shall  mention,  first,  cardiac  weakness  and  its  results: 
cold  fingers  and  toes,  nose,  and  ears,  which  are  seen  when  no  other  reason 
exists  externally  for  an  increased  radiation  of  heat.  When  the  patient 
is  allowed  to  stand  up  or  to  sit  with  his  arms  and  legs  in  a  dependent  posi- 
tion, the  skin  of  these  parts  rapidly  grows  cyanotic.  Both  cold  and 
cyanosis  are  observed  earlier  than  the  increased  irritability  of  the  heart, 
and  are  seen  before  the  onset  of  that  irregularity  which  finds  expression 
in  a  change  in  the  pulse  within  a  few  minutes,  or  even  within  fractions  of 
a  minute,  and  much  earlier  than  true  irregularity  of  the  pulse-rh3^hm. 
Unrest  or  excitability  of  the  heart  usually  follows  these  early  phenomena, 
or  may  appear  at  the  same  time.  The  two  classes  of  phenomena 
occur  simultaneously,  especially  when  the  heart  is  quite  markedly  in- 
volved. Some  attention  must  also  be  paid  to  the  complaints  of  the 
patient — oppression  in  the  epigastrium,  anxiety,  and  palpitation  of  the 
heart. 

Later  on,  changes  which  may  be  demonstrated  through  physical  ex- 
amination appear  upon  the  scene.  In  most  instances  these,  at  first,  do 
not  show  directly  the  presence  of  an  affection  of  the  endocardium.  Even 
when  such  an  affection  is  present,  the  changes  in  the  myocardium  which 
are  developed  at  the  same  time  are  more  prominent  clinically.  This 
applies  also  for  those  valvular  lesions  which  manifest  themselves  by 
changes  from  the  normal  auscultatory  sounds.  We  know  that  the  heart 
muscle  is,  to  a  great  extent,  responsible  for  the  closure  of  the  valves,  and 
is  not  less  important  in  the  quality  of  the  tone  which  arises  during  the 
contraction  of  the  valves. 

It  has  been  taught,  correctly,  that  the  following  principle  is  universally 
applicable:  Murmurs  which  do  not  depend  upon  structural  changes  in 
the  valves  vary  constantly  in  their  intensity  and  quality.  There  is  no 
doubt  that  their  variations  depend  upon  the  variable  activity  of  the  heart 
muscle.  This  irregularity  in  the  work  of  the  cardiac  muscle  may  also 
produce  another  effect :  if  we  can  follow  the  development  of  an  endocarditis 
from  the  beginning,  we  can  often  note  that  it  is  impossible  to  state  definitely 
the  exact  place  where  the  process  is  localized.  At  times  we  hear  systolic 
murmurs  more  clearly  and  more  distinctly  over  the  apex  of  the  heart; 
at  other  times,  over  the  aorta.  There  are  days  when  either  the  first  or  the 
second  location  is  distinctly  favored.  One  thing  always  remains,  and  that 
is,  that  the  murmurs  are  almost  always  heard  over  the  entire  heart.  Only 
in  the  course  of  time  after  weeks  or  even  months  our  doubts  are  dispelled 
and  we  can  recognize  with  certainty  which  particular  valve  has  been 
affected.  We  must,  therefore,  be  somewhat  cautious  in  expressing  our 
opinion  as  to  the  localization  of  an  endocarditis. 

The  murmurs  are  usually  heard  during  the  systole  of  the  heart.  They 
must  necessarily  be  systolic,  in  so  far  as  they  depend  upon  the  muscular 
contraction,  and  even  those  murmurs  in  which  the  insufficient  closure  of 
the  bicuspid  or  the  tricuspid  valves  play  a  r61e  must  needs  also  be  heard 
during  tWs  phase  of  the  cardiac  cycle. 

It  may  happen,  however,  that  in  a  case  of  endocarditis  which  later  on 
develops  into  an  insufficiency  of  the  semilunar  valves  of  the  aorta  nothing 
but  a  systolic  murmur  is  heard  for  a  long  time,  is  transmitted  into  the 
large  vessels  (the  subclavian  and  the  carotid),  and  is  accompanied  by  a 
palpable  thrill.     In  rare  cases — as,  for  example,  in  my  case  VI — the  au- 
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topsy  reveals  the  cause  of  this  phenomenon.  In  this  case  only  one  of 
the  aortic  leaflets  was  diseased,  but  it  was  so  markedly  thickened  that  it 
projected  into  the  lumen  of  the  vessel  and  blocked  the  same,  thus  offering 
a  sufficient  cause  for  the  development  of  a  systolic  murmur. 

In  other  cases  a  dilatation  of  the  aortic  lumen  beyond  the  valves  may 
develop  early.  In  case  of  permanent  insufficiency  of  the  valves,  with  its 
consequent  hypertrophy  of  the  left  ventricle,  this  aortic  dilatation  is  by 
no  means  rarely  seen,  and  in  such  cases  the  eddies  which  are  responsible 
for  the  mimnur  and  the  thrill  occur  within  the  dilated  artery.  The 
dilatation,  however,  cannot  be  recognized  at  this  time,  although  it  may 
appear  later — as,  for  example,  in  my  case  XIII. 

It  may  also  happen  that  a  systoUc  aortic  murmur  and  a  transmitted 
thrill  may  be  present,  although  no  cause  for  these  signs  can  be  found  either 
in  the  valves  or  in  the  aortic  lumen.  The  autopsy  will  prove  this.  Pos- 
sibly, in  such  cases,  we  may  be  dealing  with  a  phenomenon  attributable 
to  the  heart  muscle  itself.  It  is  conceivable  that  the  fibers  which  com- 
press the  beginning  of  the  aorta  during  the  systole  may,  for  a  time,  exag- 
gerate the  contraction  of  this  vessel.  It  is  noteworthy  that  in  these 
cases  the  tracing  of  the  pulse,  even  at  the  radial  artery,  shows  at  times 
cur\^es  which  resemble  the  pure  pulsus  celer,  and  at  times  curves  with 
broad  apices,  such  as  are  seen  in  [some — Ed.]  cases  of  stenosis  accom- 
panied by  insufficiency  of  the  aortic  valve.  My  observations,  however, 
do  not  permit  me  to  express  a  definite  opinion  on  this  subject. 

Diastolic  murmurs  which  do  not  depend  upon  tissue  changes  in  the 
valves  or  orifices  are  certainly  rare.  However,  I  do  not  care  to  agree  with 
von  Leube,*  who  strongly  advises  that  "the  diastolic  murmurs  should 
be  omitted  from  the  category  of  accidental  murmurs,  at  least  for  the 
purposes  of  diagnosis."  The  possibility  of  mistaking  a  diastolic  mur- 
mur over  the  suortk  for  a  blowing  sound  transmitted  from  the  veins  of  the 
neck,  to  which  Leube  called  attention,  is  perfectly  familiar  to  me,  but  I 
do  not  believe  that  I  have  ever  made  this  error.  Therefore,  I  cannot 
regard  as  correct  the  conclusion  which  must  be  drawn,  that  ''diastolic 
heart-murmurs  are  trustworthy  signs  of  endocarditis." 

We  must  admit,  without  reservation,  that  in  exceptional  cases — as,  for 
example,  when  a  valve  is  torn  off  or  Ls  extensively  perforated — the  sudden 
appearance  of  the  murmurs  which  follow  the  lesion  and  the  uniform  con- 
tinuance of  these  sounds  offer  an  almost  certain  proof  of  the  presence  of 
an  endocarditis  which  can  be  definitely  locaUzed.  It  is  also  true,  however, 
that  in  most  cases  we  cannot  base  an  opinion  on  the  evidence  of  the  ear 
alone;  for  the  ear  cannot  distinguish  which  of  the  signs  depend  upon  an 
involvement  of  the  muscles  and  which  are  due  to  the  involvement  of  the 
valves  and  orifices. 

How  about  the  changes  in  the  area  of  dulness  which  appears  on  per- 
cussion? These  changes  are  only  to  be  considered  in  the  diagnosis  when 
they  are  actually  produced  by  hypertrophy.  The  other  signs  of  hyper- 
trophy must  also  be  present,  in  addition  to  the  enlargement  of  the 
boundaries  of  the  heart.  Therefore,  we  are  dealing  once  more  essentially 
with  the  heart  muscle. 

If  the  heart  muscle  is  seriously  involved  in  cases  with  a  tempestuous 
course,  dilatation  of  the  heart  may  occur  sometimes  within  a  very  short 
time,  and  may  increase  in  extent  until  the  patient  dies.     When  the  disease 

♦"Specielle  Diagnose  der  inneren  Krankheiten, "  Leipzig,  F.  C.  W.  Vogel, 
first  ed.,  p.  14,  1889. 
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progresses  more  slowly,  then  the  dilatation  can  only  be  demonstrated  in 
the  course  of  a  number  of  days.  The  dilatation  may  also  disappear  and 
reappear.  Thus  the  case  may  run  on  for  some  time.  Although  the  work 
of  the  heart  may  apparently  be  stormy  and  vigorous  in  cases  of  dilata- 
tion due  to  weakness  of  the  muscle,  yet  when  the  hand  is  placed  upon 
the  breast  of  the  patient,  we  know  at  once  that  this  is  not  so.  Other 
signs  which  are  also  found  in  such  cases  are  a  faint  character  of  the 
heart-sounds  or  of  the  murmur,  and  a  volume  of  the  pulse  which  is  dis- 
tinctly out  of  proportion  to  the  apparently  vigorous  heart's  action. 
These  simple  and  easily  recognized  signs  confirm  the  diagnosis  of  the 
dilatation  of  the  heart,  and  permit  us  to  exclude  the  presence  of  hyper- 
trophy. 

Again,  we  must  remember  that  a  true  hypertrophy  of  muscle-fibers 
requires  some  time  for  its  development.  It  cannot  appear  in  one  day. 
Inasmuch  as  the  myocardium  is  usually  involved  in  addition  to  the  en- 
docardium, the  development  of  a  muscular  hypertrophy  is  interfered  with 
from  the  start;  for  the  circulation  in  the  heart  is  easily  disturbed, 
and  without  a  sufl[icient  nutrition,  no  hjrpertrophy  can  take  place. 

We  must  conclude,  therefore,  that  the  hypertrophies  of  the  heart 
muscle  which  indicate  the  presence  of  a  valvular  disease  or  of  an  orificial 
stenosis  cannot  develop  so  long  as  the  endocardial  inflammation  which 
produced  the  latter  is  present  in  marked  degree.  Muscular  hyper- 
trophies are,  therefore,  useful  in  the  diagnosis  of  a  previous  endocarditis 
or,  let  us  say,  more  correctly,  of  an  endocarditis  which  is  inactive  for 
the  time  being.  This  sufl[iciently  explains  the  very  limited  application 
of  hypertrophy  of  the  heart  muscle  in  diagnosis. 

When  an  endocarditis  which  is  localized  at  the  aortic  orifice  produces  an 
anatomic  change  which  results  in  the  inability  of  the  semilunar  valves  to 
close  perfectly,  then  a  "pulsus  celer"  develops.  Wheii  such  a  pulse  sud- 
denly appears  and  is  really  well  marked,  and  when  it  continues  to  be 
present  for  some  time,  a  diagnosis  of  aortic  endocarditis  may  be  made  with 
certainty.  The  assumption  is,  however,  that  the  heart  muscle  is  suffi- 
ciently strong  to  propel  a  greater  amount  of  blood  into  the  aorta.  In 
such  cases  the  diastolic  murmur  is  but  rarely  absent.  We  have  here, 
therefore,  two  signs,  which,  when  present  simultaneously,  are  evidences  of 
an  insufficiency  of  the  aortic  valve.  When  the  *' pulsus  celer"  is  but 
slightly  developed,  then,  as  Romberg  correctly  points  out,  it  cannot  be 
used  for  diagnostic  purposes  without  further  evidences. 

The  uncertain  and  indefinite  nature  of  the  information  which  we  gain 
from  percussion  and  auscultation  over  the  heart  is  best  illustrated  in 
the  cases  of  recurrent  endocarditis,  which  occur  in  the  presence  of  old 
valvular  and  orificial  lesions.  In  these  cases  the  physical  signs  on  per- 
cussion and  auscultation  are  almost  useless  in  diagnosis. 

An  important  fact  in  such  cases  is  the  occurrence  of  a  fresh  pericarditis, 
which  does  not  by  any  means  necessarily  occur  \\ith  a  free  exudate. 
It  is  enough,  for  diagnostic  purposes,  if  we  hear  friction-sounds  which  are, 
without  doubt,  due  to  a  pericarditis.  I  have  elsewhere  pointed  out  (p. 
225)  that  this  is  not  always  easy  to  determine,  and  that  pericardial  friction- 
sounds  are  often  distinguished  with  great  difficulty  from  pericarditic 
friction-sounds.  If  a  friction-sound  which  coincides  with  a  movement  of 
the  heart  is  heard  in  a  case  in  which  we  have  reason  to  suspect  endocar- 
ditis, it  is  certainly  more  probable  that  a  pericarditis  exists  than  when 
we  are  only  face  to  face  with  indistinct  evidences  of  muscular  disturb- 
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ances  in  the  heart.  Still,  we  must  remember  we  are  here  dealing  only 
with  probabilities. 

I  have  had  occasion  to  observe  this  once  more  recently.  There  was  a 
marked  septic  general  infection;  the  heart  had  become  dilated  consider- 
ably within  a  short  time.  There  was  a  friction-sound  concerning  which 
nothing  definite  could  be  said,  and  which  might  have  been  pericarditic 
or  pericardial,  but  was  very  loud,  sharp,  and  always  purely  systolic.  It 
showed  about  the  same  intensity  from  its  first  appearance  to  the  patient's 
death.  It  was  heard  most  distinctly  over  the  apex.  I  could  not  consider  it 
as  an  endocardial  sound.  At  autopsy  it  was  found  that  the  endocardium, 
especially  the  valves,  appeared  entirely  normal  to  the  naked  eye,  but  there 
were  fresh  fibrinous  exudations  in  the  form  of  bands  within  the  pericar- 
dium.   The  infection  was  due  to  the  invasion  of  staphylococci. 

To  summarize :  ( 1 )  The  diagnosis  may  be  made  most  accurately  through 
the  study  of  the  muscular  involvement  of  the  heart.  The  latter  offers 
signs  which  may  simulate  endocarditis,  and  which  may  render  very  difficult 
a  decision  as  to  whether  or  not  an  endocarditis  is  present.  From  the  signs 
developing  in  the  heart  itself,  one  can  detect  a  fresh  endocarditis  with 
certainty  only  in  exceptional  cases.  One  can  do  this  only  when  the 
inflammation  in  the  endocardium  has  involved  one  valve  or  one  orifice, 
and  has  produced  there  some  well-marked  and  permanent  changes. 

(2)  As  regards  affections  of  other  parts  of  the  body  which  are  produced 
by  emboU,  we  may  distinguish,  first,  the  larger  emboli  which  become  ad- 
herent in  the  wider  arteries  of  the  systemic  circulation.  These  point  with 
great  probability  to  an  endocarditis  in  the  left  portion  of  the  heart.  This 
appHes,  however,  only  in  those  cases  in  which  the  heart  is  not  so  markedly 
weakened  that  thrombi  form  within  its  cavities.  Naturally,  we  must  also 
exclude  the  possibility  of  a  thrombus-formation  within  the  affected  artery 
itself.  Small  abscesses  do  not  prove  anjrthing  in  favor  of  the  presence  of 
an  endocarditis,  as  they  may  just  as  well  be  produced  by  germs  circulating 
in  the  blood. 

(3)  Every  feature  of  septic  infection,  as  such,  may  be  indirectly 
utilized  in  the  diagnosis  of  a  diseased  condition  of  the  heart  induced  by 
the  infection  in  question.  Among  the  manifestations  which  often  accom- 
pany even  the  mild  forms  of  septic  pancarditis  with  pronounced  involve- 
ment of  the  endocardium  we  may  note  the  following: 

(a)  Disproportion  between  the  pulse  and  the  respiration,  the  latter 
being,  as  a  rule,  considerably  increased  in  frequency.  The  fewer  local 
changes  may  be  detected  in  the  respiratory  passages,  the  pleura,  or  the 
muscles  of  respiration,  the  more  important  is  the  significance  of  this  sign 
in  diagnosis. 

(6)  Swelling,  redness,  and  sensitiveness  of  the  joints,  as  well  as  pain 
on  pressiu-e  over  the  bones,  especially  over  the  long  bones. 

(c)  Friction-sounds  over  the  spleen,  which  is  not  always  necessarily 
enlarged,  and  also  similar  sounds  over  the  Uver.  The  pleuritic  friction- 
sounds  which  may  be  present  are  of  less  value  in  diagnosis,  because  their 
significance  varies. 

(d)  Hemorrhages  and  inflammatory  changes  in  the  skin. 

(e)  Changes  in  the  eye,  especially  hemorrhages  into  the  retina,  may 
possibly  be  connected  with  mild  septic  infections.  In  some  instances  there 
are  isolated  petechia  in  the  mucous  membranes  and  in  the  skin.  As  a 
rule,  these  are  only  found  in  the  severer  cases,  and  in  these  they  are  of 
diagnostic  importance. 
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(J)  It  is  well  known  that  we  must  always  pay  attention  to  the  heart 
in  patients  with  chorea.  The  other  signs  on  the  part  of  the  nervous 
system,  i.  e.,  the  cataleptic  phenomena  and  the  paradox  phenomenon  of 
Westphal,  as  well  as  the  multiform  symptoms  on  the  part  of  the  diseased 
muscles,  also  deserve  full  consideration  in  the  diagnosis  of  endocarditis. 

(g)  The  demonstration  of  bacteria  in  the  blood*  is  not  always  possible, 
even  in  the  severe  forms  of  sepsis,  and  even  after  repeated  examinations. 
It  is  scarcely  to  be  expected  that  a  positive  result  can  be  obtained  in  the 
mild  cases. 

I  shall  not  enter  into  the  discussion  of  the  differential  diagnosis.  In 
this  we  must  consider,  essentially,  those  infections  which  may  be  con- 
founded with  the  septic  processes  and,  therefore,  the  differential  diagnosis 
of  endocarditis  due  to  sepsis  may  be  better  treated  in  the  general  con- 
sideration of  sepsis  itself. 

Clinical  observation  cannot  determine  the  variety  of  bacteria  which 
produce  endocarditis  from  the  mere  picture  of  the  disease.  An  ex- 
amination of  the  blood,  however,  can  give  this  information,  or  else  an 
investigation  of  the  contents  of  a  purulent  focus,  when  such  a  lesion  is 
present. 

We  have  seen  that  not  infrequently  more  than  one  microbe  is  active. 
For  the  present  we  must  say  that,  practically,  the  determination  of  the 
presence  of  any  special  germ  is  not  of  any  great  value.  When,  however, 
serum-therapy  proves  curative,  a  much  greater  interest  will  attach  to 
this  question. 

The  diagnosis  of  an  endocarditis  is  not  easy.  We  meet  everywhere 
so  many  gradations  in  the  significance  of  this  or  that  symptom,  that  only 
extensive  experience  can  find  the  right  interpretation.  Every  physician 
must  pay  for  such  experience,  and  the  older  he  gets,  the  more  keenly  he 
will  feel  that,  although  he  has  learned  a  few  things,  he  has  still  much  to 
learn  in  order  to  walk  with  real  assurance  upon  this  slippery  path. 


PROGNOSIS* 

In  considering  the  prognosis  of  endocarditis  we  must  first  determine 
the  character  of  the  infection  which  has  become  localized  in  the  heart 
through  the  settlement  of  bacteria  which  produce  it,  and  which  has  so 
severely  affected  the  body  as  a  whole  that  the  local  cardiac  affection  is 
relegated  to  the  background.  The  course  of  the  general  disease  is  natur- 
ally influenced  by  the  circumstance  that  the  heart's  action  is  directly  im- 
paired by  the  general  process.  Much  depends  upon  a  sufficient  circulation 
of  the  blood.  But  the  disturbance  in  one  of  the  organs  which  are  necessary 
for  the  preservation  of  life  may  be  so  great  from  the  start  that  it  alone 
may  lead  to  a  fatal  termination. 

If  such  a  vital  lesion  does  not  take  place,  and  if  recovery  is  possible, 
then  the  heart  becomes  the  chief  factor  in  the  affection.  The  better  this 
organ  is  able  to  continue  the  circulation  under  the  altered  conditions, 
the  better  it  is  for  the  patient.  The  less  perfectly  it  is  able  to  do  so,  the 
more  unfavorable  will  be  the  prognosis.  When  the  heart  itself  is  severely 
affected,  then  a  fatal  outcome  is  probable,  which  perhaps  might  have  been 
avoided  otherwise,  even  if  the  general  infection  had  been  equally  severe. 

It  is  well  to  use  the  expression,  '*  diminution  of  the  working  capacity  of 

*  See  Grawitz, "  Klinische  Pathologic  des  Blutes, "  S.  261  et  seq. 
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the  heart."  Although  this  decrease  is  chiefly  caused  by  deficiency  in  the 
muscular  tissue  of  this  organ,  yet  changes  in  the  valves — detach- 
ments, perforations,  or  extensive  effusions  into  the  pericardium — may 
produce  a  considerable  diminution  in  the  functional  efiBciency  of  the 
heart. 

The  prognosis  of  an  acute  endocarditis  may  be  made  from  the  following 
viewpoint: 

The  more  severe  the  infection  itself,  the  more  prominent  the  part 
taken  in  it  by  the  affection  of  the  heart,  the  worse  will  be  the  prognosis. 
Malignant  endocarditis  is  usually  said  to  have  an  absolutely  fatal  progno- 
sis. Such  a  statement  savors  of  that  wisdom  of  the  past  which  said  of  a 
convalescent  that  he  had  had  "nerve  fever,"  while  if  he  had  died,  the 
diagnosis  would  have  been  *' typhoid." 

Experience  shows,  however,  that  patients  may  recover  even  when  the 
cases  seem  to  be  extremely  severe,  and  are  accompanied  by  well-developed 
signs  of  septic  general  infection,  as  well  as  marked  involvement  of  the 
heart.  A  valvular  lesion  which  develops  fully  afterward,  leaves  no  doubt 
as  to  the  correctness  of  the  diagnosis  of  endocarditis.  This  occurs  but 
rarely,  however,  and  I  have  seen  it  only  in  a  single  case,  in  which  eighteen 
years  have  now  elapsed  since  the  first  attack.  Frequent  relapses  occurred, 
but  these  pursued  a  comparatively  mild  course,  O.  Frantzel*  reports 
two  such  cases  observed  by  himself,  one  of  eleven  and  the  other  of  twenty- 
two  years'  duration. 

Possibly  the  various  bacteria  have  different  degrees  of  importance  in 
the  prognosis.  The  malignant  endocarditis  produced  by  gonococci  is 
said  to  be  more  favorable  than  that  due  to  other  germs.  According  to 
Romberg,t  nine  cases  recovered  out  of  twenty-one,  but  he  doubts  the 
correctness  of  the  diagnosis  because  no  valvular  lesion  remained,  and 
he  is  perfectly  right  in  his  conclusion.  Possibly  the  pneumococci, 
the  vitality  of  which  within  the  hiunan  body  is  always  rather  limited,  may 
give  a  better  chance  for  the  recovery  of  a  heart  affected  by  their  presence 
provided  the  patient  withstands  the  first  charge.  It  must  be  added, 
however,  that  pneumococci  alone,  and  not  in  combination  with  strepto- 
cocci and  staphylococci,  must  be  localized  in  the  heart  in  such  favorable 
cases.  [J.  B.  Herrick  has  analyzed  a  number  of  reported  cases  of  healed 
ulcerative  endocarditis  with  three  new  ones.  He  thinks  the  prognosis  is 
not  as  hopeless  as  in  general  if  the  infectious  agent  is  the  pneumococcus 
or  the  streptococcus.}  In  the  discussion  following  the  reading  of  the  paper 
several  cases  of  recovery  were  mentioned  by  Thayer,  Kuinicutt,  and 
Shattuck.— Ed.] 

The  prognosis  of  an  endocarditis  accompanying  acute  articular  rheu- 
matism depends  upon  the  latitude  with  which  the  term  rheumatism  is 
used  (compare  p.  182).  If  we  content  ourselves  with  the  old-fashioned 
diagnosis,  then  the  prognosis  is  favorable  in  the  large  majority  of  cases, 
so  far  as  the  patient's  life  is  concerned.  A  very  extensive  experience  has 
taught  that  there  was  formerly  a  sharp  contrast  between  the  prognosis  of 
rheumatic  benign  endocarditis,  which  anatomically  corresponded  to  the 
verrucous  type,  and  the  prognosis  of  septic,  malignant,  ulcerating  endocar- 

*  "Die  EntzCindungen  des  Endocardiums  und  des  Pericardiums,"  "Vorlesungen 
uber  die  Krankheiten  dea  Herzens,"  Bd.  ii,  Berlin,  Hirschwald,  1891,  S.  36. 

t"Handbuch,"  loc  cit.,  p.  982. 

i  "Medical  News,"  September  6,  1902,  and  "Transactions  of  the  Association 
of  American  Physicians,"  1902,  vol.  xvii,  p.  468. 
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ditis.  This  statement  was  true  to  its  full  extent  in  former  years,  but  we 
must  take  quite  a  different  view  of  ttus  question  at  present. 

Litten*  has  recently  published  observations  concerning  a  t3rpe  of 
endocarditis  which  occupies  a  middle  ground  between  the  two  varieties, — 
let  us  retain  the  expression, — ^the  rheumatic  and  the  septic* 

The  primary  disease  itself,  the  sequel  of  which  was  endocarditis,  at  first 
always  yielded  to  the  action  of  saUcylic  acid.  Yet  the  endocarditis  which 
accompanied  it  always  led  to  a  fatal  ending,  with  or  without  a  destruction 
of  the  valves.  Hemorrhages  into  the  skin  and  into  the  retina  occurred  at 
different  intervals,  and  effusions  of  blood  appeared  in  the  serous  mem- 
branes, in  the  brain,  and  in  the  pelves  of  the  kidney.  Hemorrhagic 
nephritis  was  commonly  observed  in  these  patients,  but  the  most  important 
and  characteristic  feature,  according  to  Litten,  was  that  no  suppura- 
tions and  no  thrombophlebitis  could  be  found  anjrwhere,  either  during 
life  or  in  the  cadavers  of  these  patients.  He  found  an  exceedingly  small 
coccus,  which,  obtained  in  pure  cultures,  was  pathogenic  in  mice,  guinear 
pigs,  and  rabbits,  but  lost  its  extreme  virulence  in  the  course  of  about  a 
week. 

I  consider  these  data  important  because  they  seem  to  show,  I  think, 
once  more  that  the  clinical  picture  of  acute  articular  rheumatism  has 
changed  greatly  in  our  own  days.  Therefore  the  prognosis  of  a  rheumatic 
endocarditis  must  be  made  with  caution  for  the  present. 

What  is  the  prognosis  of  an  endocarditis  which  has  run  its  course?  In 
the  first  place,  as  regards  the  heart  itself:  A  complete  recovery  is  possible, 
including  a  disappearance  of  the  local  tissue  changes.  Endocarditis 
localized  in  the  walls  of  the  heart,  it  is  true,  usually  leaves  marked  opa- 
cities and  thickenings,  but  these  are  at  times  of  but  little  importance, 
because  they  do  not  have  much  influence  upon  the  activity  of  the  heart. 
The  fact  that  parietal  endocarditis  may  also  have  severe  consequences  is 
demonstrated  by  the  observation  of  Nauwerck,  which  has  already  been 
cited  repeatedly  in  previous  pages. 

When  the  endocardial  changes  are  located  in  the  valves  and  in  the 
orifices,  the  heart's  action  is  more  markedly  interfered  with.  The  degree 
to  which  this  interference  takes  place  depends  upon  the  extent  of  the 
lesions  of  the  cardiac  mechanism,  and,  furthermore,  on  the  fact  as  to 
whether  the  heart  muscle  is  able  to  cope  with  the  newly  created  condi- 
tions and,  if  so,  to  what  degree.  In  these  cases  even  severe  lesions 
may  be  compensated  and  the  work  of  the  heart  may  be  kept  up  to  the 
standard  to  a  certain  extent.  (Further  details  will  be  found  in  the  article 
on  Valvular  Affections.) 

My  case  I  offers  an  example  of  this  kind.  Yet  this  case  also  teaches 
the  severe  danger  which  always  threatens  one  who  has  ever  passed 
through  an  endocarditis — the  danger  which  lies  in  a  possible  recurrence 
of  the  disease,  including  both  the  general  infection  and  the  local  malady. 
This  danger  is  so  great  that  the  physician,  without  exaggerating  and 
only  giving  the  known  facts  their  due  weight,  must  always  make  a 
doubtful  prognosis  in  a  case  of  endocarditis. 

In  the  relapses,  the  musculature  of  the  heart  is  certainly  involved 
just  as  much  as  during  the  first  attack,  but  the  endocardium  forms  the 
starting-point — the  focus  from  which  the  conflagration  ignites  once  more 
and  spreads.     (Compare  the  description  of  the  pathogenesis  of  recurrent 

*''Ueber  die  Maligne  (nicht  Septische)  Form  der  Endocarditis  rheumatica, " 
"Berliner  klinische  Wochenschrift,"  1899,  Noe.  28, 29. 
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endocarditis  given  above,  pr  188).  We  can  never  foretell  when  a  relapse 
may  occur. 

Romberg  says  that,  in  his  cases  of  malignant  endocarditis  with  sepsis, 
the  disease  lasted,  on  the  average,  fifteen  months,  and  mentions  correctly 
the  fact  that  quite  frequently  the  patients  showed  intervals  free  from 
fever  of  from  four  to  six  weeks'  duration.  These  observations  were 
made  in  a  hospital.  In  patients  who  visit  a  policlinic  one  has  an 
opportunity  to  make  more  prolonged  observations,  and,  therefore,  must 
deal  with  still  longer  intervals.  The  custom  of  terminology  does  not,  it  is 
true,  allow  us  to  speak  of  the  duration  of  a  disease  when  free  intervals 
lasting  for  years  follow  the  first  attack,  and  then  terminate  in  a  recurrence 
of  the  malady.  There  is  nothing  to  prevent  us  from  considering  the  re- 
current attacks  as  parts  of  the  same  disease,  unless  we  can  prove  that 
a  new  infection  was  necessary  in  order  to  bring  about  the  relapse.  This 
question  is  still  open,  and  every  one  is  at  present  free  to  introduce  the 
term  "latent,"  here,  just  as  has  been  done  in  tuberculosis. 

Still  another  point  must  be  discussed.  It  was  formerly  the  custom 
to  designate  an  endocarditis  as  malignant  (ulcerating)  only  in  those  cases 
which  occurred  in  one  continuous  attack  and  ran  their  course  within  a  com- 
paratively short  time.  In  speaking  of  these  cases,  one  usually  mentioned 
that  the  form  was  *'  acute."  Yet  these  malignant  forms  may  extend  over 
a  period  of  months,  as,  for  example,  in  a  case  reported  by  Lender,*  where 
the  disease  lasted  from  November,  1858,  to  February,  1859.  O.  Frantzel 
remarks,  in  general,  that  the  disease  may  last  for  a  period  of  many  months,  t 
Recently  Ebstein  reported  the  occurrence  of  malignant  endocarditis  with 
a  long  duration,  and  similar  instances  were  reported  by  Romberg. 

We  need  not  hesitate,  therefore,  to  look  upon  the  designation  of 
malignant  endocarditis  chiefly  from  the  prognostic  viewpoint,  and  speak 
of  this  form  without  pa)dng  any  attention  to  the  duration  of  the  case. 
Yet  it  is  necessary  to  add  a  special  designation  to  this  general  term,  and 
we  must,  therefore,  distinguish  in  the  customary  manner  an  acute,  a  sub- 
acute, and  a  chronic  malignant  endocarditis.  A  distinction  between 
malignant  and  "benign"  must  be  appUed  only  in  so  far  as  the  general 
infection  with  its  effects  upon  the  several  organs  of  the  body  occupies  the 
center  of  the  stage  in  malignant  cases. 

In  the  benign  cases  the  chief  feature  is  the  interference  with  the  heart's 
action,  with  its  immediate  effect — heart  weakness.  In  these,  as  in  all 
the  processes  of  nature,  we  cannot  establish  a  hard  and  fast  scheme  of 
nomenclature;  for  recurrent  endocarditis  shows  that  a  case  which  is 
originally  benign  may  become  the  foundation  for  a  malignant  affection. 

It  is  scarcely  appropriate  to  go  into  further  details.  In  the  prognosis 
of  an  individual  case  one  must  consider  what  particular  organs  are  involved 
in  addition  to  the  general  infection  and  the  heart  itself,  and  if  so,  in  what 
manner  the  other  organs  are  affected.  The  discussion  of  these  questions 
belongs  to  the  bedside. 


TREATHENT. 

The  most  important  feature  of  the  treatment  of  endocarditis  in  all  its 
stages  is  rest  for  the  patient  and  for  his  heart.  If  we  possessed  a  specific 
remedy  which  would  destroy  the  germs,  or  which  could  materially  impair 

♦  "Deutsche  Klinik,"  1862,  p.  119.  t  Loc-  cU.,  p.  258. 
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their  activity,  then  everything  would  be  plain  sailing.  For  the  present 
we  have  no  such  remedy;  for,  as  yet,  we  cannot  hope  to  get  any  results 
even  from  serum-therapy.  It  is  scarcely  possible  that  a  general  "sepsis 
serum"  will  be  produced.  What  particular  germ  is  active  in  a  given 
case?  and,  if  there  are  several  germs,  as  often  happens,  in  what  pro- 
portions are  they  mixed?  Neither  the  first  nor  the  second  question  can 
be  answered  for  the  present.  One  thing  seems  certain,  that  we  cannot 
combat  staphylococci  with  a  serum  obtained  from  streptococci,  and  even 
in  cases  of  streptococcus  invasion  into  the  skin, — ^in  erysipelas, — absolutely 
uniform  success  cannot  be  obtained  with  Marmorek's  preparations.* 

[It  is  too  early  to  admit  that  sera  can  never  be  applied  to  the  treat- 
ment of  bacterial  endocarditis.  The  results  in  the  past  have  been  dis- 
appointing, but  the  sera  have  not  always  been  selected  with  reference  to 
the  germ  present,  nor  has  the  last  word  been  said  upon  the  preparation 
of  such  sera.  The  practitioner  should  follow  the  progress  of  discovery  with 
care.  Soluble  silver  salts  have  been  recommended  by  several,  and  are  also 
worthy  of  further  trial.  Wenckebachf  has  reported  two  cases  improved 
under  coUargol ;  Klotz,|  one  in  which  recovery  followed  three  intravenous 
injections  of  1  per  cent.  coUargol  solution  in  doses  of  9,  8,  and  7  centi- 
grams respectively.  Manges,  who  used  the  treatment  in  two  cases  with- 
out success,  nevertheless  recommends  further  trial,  as  the  method  is 
simple  and  safe.§  At  present  the  most  interesting  field  is  that  of 
opsonin  therapy.  Barr,  Bell,  and  Douglas  ||  report  a  case  in  which  various 
sera  were  used  without  actual  knowledge  of  the  infectious  germ,  and  with- 
out benefit.  Signs  of  right-sided  endocarditis  came  on.  A  streptococcus 
was  found  in  an  abscess  in  the  foot.  After  some  time  a  streptococcus  was 
cultivated  from  the  blood  and  a  vaccine  prepared.  The  first  injection  of 
10,000,000  cocci  was  made  with  the  index  at  0.4.  Improvement  soon 
began,  though  interrupted  by  pleurisy  and  thrombosis  of  the  left  iliac 
and  femoral  veins.  The  details  of  the  treatment  it  is  hardly  necessary 
to  repeat.  In  thirty-two  days  the  patient  was  convalescent.  The  right 
heart  returned  to  normal  size  and  the  murmur  and  incompetency  dis- 
appeared.— Ed.] 

What  shall  we  do  in  cases  which  are  accompanied  by  very  high  tem- 
perature? If  we  could  do  so  without  injuring  the  patient,  we  should 
certainly  attempt  to  lower  the  fever  in  such  cases;  for  every  one  must 
admit  that  the  work  of  the  heart  is  interrupted  by  shorter  pauses  for  rest 
when  the  temperature  is  high.  It  is  true,  however,  that,  as  a  rule,  the 
temperature  curve  shows  such  marked  remissions  that  the  form  of  fever 
which  is  most  to  be  feared,  the  continuous  type,  does  not  develop.  Still, 
although  the  patient  is  seriously  threatened  by  a  temperature  which 
reaches  40°  C.  (104°  F.)  and  over,  and  lasting  for  some  time,  we  can  re- 
duce the  temperature  either  not  at  all,  or,  at  the  best,  very  little. 

This  is  true  even  of  the  very  cold  baths,  the  use  of  which  has  been 
systematically  pursued  in  the  clinic  of  my  late  colleague  Saxinger,  especial- 
ly in  puerperal  sepsis.     No  very  marked  success  was  obtained  with  these 

♦  Cf.  Lenhartz,  "Erysipelas":  Nothnagel  Specielle  Pathol,  u.  Therap.,  vol.  iii, 
pt.  3,  p.  89. 

t  "Therapie  der  Geeenwart,"  1902,  S.  65. 

t  "Deutsche  med.  Wochenschrift,"  1902.  S.  524. 

§  "Medical  News."  December  13,  1902. 

II  "A  Case  of  Infective  Endocarditis  Cured  by  the  Inoculation  of  a  Vaccine 
Prepared  from  Organisms  Found  in  the  Patient's  Blood,"  "The  Lancet,"  February 
23,  1907,  p.  499. 
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baths,  and  I  have,  therefore,  not  employed  them  in  the  septic  cases  which 
I  have  had  occasion  to  treat.  In  many  cases  the  sensitiveness  of  the  bones, 
the  joints,  and  the  muscles  precludes  the  lifting  and  moving  of  the  patient 
which  are  necessary  in  the  use  of  baths. 

Almost  the  same  statement  may  be  made  as  regards  salicylic  acid  and 
its  preparations.  Dennig*  reports  a  temperature  curve  from  the  Poli- 
clinic which  shows  that  slight  influence  is  produced  even  by  large  doses  of 
salicylates  administered  for  a  considerable  period.  In  th^  case  1  gm.  of 
sodium  salicylate  was  administered  every  hour,  and  the  temperature  was 
taken  at  the  same  intervals.  The  average  temperature  during  the 
acme  of  the  influence  of  the  drug  was  38.9°  C.  (102®  F.),  while  before  and 
after  its  administration  it  was  39.1°  C.  (102.3°  F.).  The  difference,  there- 
fore, was  0.2°  C,  and  the  course  of  the  curve  did  not  show  much  change. 

This  may  be  said  to  be  the  rule  in  most  cases.  We  have  gathered 
quite  an  extensive  experience  in  this  respect,  at  the  time  when  acute 
articular  rheumatism  no  longer  yielded  to  saUcylic  acid.  Antipyrin  and 
antifebrin  were  tried  only  in  a  few  cases,  but  with  exactly  the  same 
failures.  Nor  must  we  expect  much  from  quinin.  Figs.  33  and  34  showed 
this  very  distinctly.  We  are  in  the  habit,  at  present,  of  ordering  for  an- 
other purpose  (see  p.  303,  below),  0.5  gm.  of  phenacetin  at  a  dose,  repeated, 
at  most,  four  times  a  day,  but  no  visible  effect  upon  the  temperature  fol- 
lows, even  in  the  milder  cases.     It  is  true  that  the  dose  is  not  very  large. 

In  most  cases  I  do  not  attempt  to  lower  the  temperature,  because  this 
does  not  have  much  influence  upon  the  outcome  of  the  case,  so  far  as  my 
own  observations  go. 

Some  cUnicians  who  are,  in  general,  no  great  advocates  of  alcohol  in 
the  treatment  of  febrile  diseases,  employ  this  remedy  in  not  very  small 
quantities  in  sepsis.  Romberg  (p.  983)  remarks,  in  speaking  of  the  treat- 
ment of  acute  malignant  endocarditis,  without  accurately  defining  his 
own  position  in  the  matter:  "The  usual  treatment  for  septic  diseases 
should  be  employed,  especially  generous  amounts. of  alcohol  (from  60  to 
100  gm.  of  cognac,  pure  or  mixed  with  eggs,  and  from  one  to  two  bottles 
of  a  strong  claret  or  of  a  dry  southern  wine,  per  day)/'  I  have  not  had 
occasion  to  use  alcohol  in  the  cases  of  endocarditis  which  came  under  my 
observation  in  any  other  manner  than  in  that  pursued  by  me  in  other 
diseases.  I  must  emphasize,  however,  that  large  doses  are  indicated  for 
a  considerable  time  only  so  long  as  the  patient  has  high  temperature. 
A  patient  who  is  very  feverish  cannot  be  easily  intoxicated  and  does  not 
suffer  from  the  bad  effects  and  after-pains  of  intoxication.  Yet  a  short 
fall  in  the  temperature  diminishes  this  tolerance,  at  times  very  markedly. 

In  one  case  of  typhoid  fever  there  was  a  marked  morning  remission, 
rather  unexpectedly  in  the  third  week  of  the  disease.  The  patient  had 
been  taking  a  considerable  amount  of  wine  daily  and  had  not  shown 
any  cerebral  s)nnptoms.  When  I  sf.w  him  in  the  morning  I  found  him 
actually  shghtly  intoxicated,  although  this  had  not  been  noticed  by  the 
clinical  clerk,  who  had  been  tempted  to  make  very  strange  diagnoses.  A 
glance  upon  the  temperature  chart  showed  the  cause  of  the  patient's 
hilarity,  and  indicated  the  removal  of  the  wine-bottle.  Toward  evening 
the  temperature  again  rose,  and  the  patient  was  given  the  same  amount 
of  alcohol  as  before,  without  any  further  effects. 

This  point  must  not  be  forgotten,  especially  because  in  septic  diseases 
we  not  infrequently  see  rather  unexpected  remissions  of  temperature, 
*  "Septische  Erkrankungen, "  S.  212. 
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and  it  is  all  the  more  important  because  the  unpleasant  effects  of  alcohol 
upon  the  heart  may  be  very  marked  in  the  presence  of  low  temperatures. 
In  general,  I  consider  it  wrong  to  prohibit  the  use  of  alcohol  if  we  suspect 
a  probable  endocarditis.  Still,  everything  depends  upon  the  amount  which 
is  allowed  in  each  individual  case.  The  fundamental  principle  is  im- 
mutable; viz.,  when  alcohol  produces  unnecessary  excitement  of  the 
heart,  it  should  be  absolutely  prohibited.  The  physician  must  be  the 
judge  as  to  whether  this  is  necessary,  and  must  act  accordingly. 

Personally,  I  do  not  believe  that  we  can  employ  an  effective  treatment 
in  endocarditis  beyond  what  is  known  as  "symptomatic  therapeutics." 
Yet  I  shall  not  fail  to  quote  the  view  of  such  a  good  physician  as  Oscar 
Fraentzel.    He  expresses  himself  definitely  enough.* 

"Quinin  may  be  given  in  doses  of  from  0.5  to  1  gm.  twice  or  three 
times  a  day,  not  exceeding  1  gm.  at  a  single  dose.  When  signs  of  improve- 
ment set  in,  the  same  doses  of  quinin  are  continued,  but  at  less  frequent 
intervals,  according  to  the  favorable  effect  upon  the  general  condition. 
In  some  cases,  accompanied  by  erratic  chills,  this  treatment  must  be 
continued  for  many  weeks." 

[FraentzePs  advice  comes  down  from  the  time  when  quinin  was  con- 
sidered a  specific  for  septic  diseases.  Sometimes  marked  falls  of  tempera- 
ture follow  its  administration,  just  as  they  occur  without  medication,  or 
under  mild  saline  drafts,  but  having  seen  many  cases  of  septic  endocarditis 
in  which  the  diagnosis  of  malaria  had  been  made  and  quinin  given  in  large 
doses  and  for  long  periods,  I  am  convinced  it  has  no  good  effect. — ^Ed.] 

Alcohol  must  be  given  in  not  too  concentrated  form,  but  in  considerable 
amounts:  "As  a  general  rule,  I  should  advise  that  such  patients  receive 
100  gm.  of  a  good  red  wine,  not  too  rich  in  alcohol,  every  hour."  The 
form  of  alcoholic  stimulant,  however,  must  be  regulated  in  each  individual 
case  according  to  the  habits  and  wishes  of  the  patient. 

After  expressing  the  opinion  that  but  little  is  to  be  hoped  in  cases 
with  a  tempestuous  course,  Fraentzel  continues: 

"I  have  advocated  warmly  this  quinin-alcohol  treatment,  for  the 
reason  that  I  have  found,  on  the  basis  of  quite  numerous  observations, 
that  even  the  subacute  and  chronic  cases  of  malignant  endocarditis  encl 
fatally  in  the  great  majority  of  instances,  but  that  an  incomplete  recovery, 
that  is,  a  healing  of  the  acute  process  with  a  residue  of  a  chronic  valvular 
defect,  is  observed  only  in  exceptional  cases  with  other  forms  of  treatment 
than  that  just  described."  Fraentzel  certainly  does  not  expect  brilliant 
results,  "  but  we  see  some  successes  an3nvay,  and  that  must  satisfy  us  in 
such  a  severe  infectious  disease  and  in  the  present  state  of  therapeutics." 

My  own  treatment  is  as  follows:  Whenever  possible,  I  act  directly 
upon  the  heart  when  necessary  in  the  manner  which  has  been  described 
in  the  preceding  section  on  Insufficiency  of  the  Heart.  A  heart  bottle  filled 
with  cold  water,  or,  if  the  heart's  action  is  very  excited,  an  ice-bag,  is  the 
only  measure  which  I  order  regularly  whenever  the  possibility  of  develop- 
ing endocarditis  appears.  A  layer  of  flannel  must  always  be  placed  imder 
the  ice-bag  in  order  to  avoid  direct  contact  with  the  skin.  The  skin, 
however,  must  always  be  kept  cool,  and  the  water  or  ice  must  be  re- 
newed at  the  proper  intervals  for  this  purpose.  The  excitable  character 
of  the  heart's  action  seems  to  be  favorably  influenced  by  the  constant 
cooling  of  the  skin,  and  the  patients  certainly  experience  a  grateful 
sensation  from  these  applications. 

*  Loc.  cit,  (see  No.  80),  p.  39. 


TREATMENT.  303 

If  the  heart's  action  is  very  weak,  then  we  must  not  use  cold,  but  may 
possibly  employ  local  heat.  I  employ  stimulants  and  digitalis  in  the 
same  manner,  and  according  to  the  same  rules  as  in  cases  of  heart  weak- 
ness in  general.  We  should  seek,  so  far  as  possible,  to  avoid  the  loss  of 
nutrition  which  is  so  prominent  in  endocarditis.  So  long  as  there  are 
signs  of  a  general  infection,  the  food  should  remain  fluid,  and  should  be 
given  in  small  quantities  at  frequent  intervals.  I  prefer  the  infant  foods 
to  milk,  without  excluding  the  latter,  however,  as  these  foods  offer  an 
opportunity  to  vary  the  diet  to  a  certain  extent.  Even  when  the  worst 
S3nnptoms  are  over,  I  avoid  large  single  meals.  The  problem  is  to  supply 
as  abundant  an  amount  of  food  as  possible,  according  to  the  dietetic  rules 
which  obtain  in  each  particular  case,  and  to  give  this  food  in  such  a  form 
that  it  is  easily  absorbed.  Wine  may  also  be  given,  but  never  in  such 
amount  or  in  such  form  that  the  heart  is  excited. 

The  use  of  stomachics  in  protracted  loss  of  appetite  does  not  seem  to 
me  to  be  of  any  value.  The  movements  of  the  bowels  must  be  watched. 
I  do  not  think  it  is  right  to  interfere  from  the  start  with  the  diarrheas 
which  occur  as  one  of  the  signs  of  septic  general  infection,  unless  these 
diarrheas  be  very  severe.  Frequently  repeated  and  too  profuse  evacua- 
tions may  become  dangerous.  We  must  not  forget,  however,  that  the 
old  observation  which  considered  *' intestinal  crises"  as  favorable  signs 
was  correct.  I  avoid,  therefore,  all  interference  with  the  intestine  so 
long  as  possible,  and  therefore  I  do  not  try  to  induce  a  ''derivation" 
through  this  channel.  The  experiences  of  obstetricians  have  shown 
what  happens  when  other  treatment  is  employed,  when  they  tried  to 
conquer  puerperal  fever  by  means  of  calomel  and  drastic  cathartics. 

We  must  not  tolerate  constipation,  particularly  when  it  is  accompanied 
by  an  accumulation  of  gas  in  the  intestines  which  interferes  with  the  play 
of  the  diaphragm.  I  prefer,  in  these  conditions,  to  use  mild  laxatives, 
such  as  the  compound  licorice  powder,  rhubarb,  or  the  Friedrichshall 
bitter  water,  which  is  easily  taken  and  is  very  mild  in  action.  I  prefer 
these  remedies  to  enemas  and  injections,  unless  the  patient  is  already 
accustomed  to  them,  and  even  then  it  is  advisable  to  use  a  certain  amount 
•  of  caution  in  ordering  them. 

The  most  careful  nursing  is  essential  in  endocarditis.  Especial  atten- 
tion should  be  paid  toward  keeping  everything  away  that  disturbs  the 
patient's  rest,  while  everything  must  be  done  to  secure  his  comfort.  The 
patient's  position  must  be  carefully  watched,  so  long  as  he  has  pains  in 
the  joints,  the  bones,  and  the  muscles.  In  this,  a  trained  hand  can 
accomplish  a  great  deal  of  good.  When  the  rest  of  the  body  is  not  dis- 
turbed by  pain,  the  brain,  is  able  to  rest,  and  then  sleep,  or  at  least 
slumber,  is  possible. 

Here,  in  securing  rest,  phenacetin  in  the  doses  already  mentioned 
(0.5  giri.)  comes  into  play.  I  am  not  averse,  however,  to  employing  the 
ordinary  direct  hypnotics,  which,  it  is  true,  must  be  given  with  conserva- 
tism and  caution.  They  may  be  required  immediately  when  there  is 
marked  chorea,  but,  as  a  general  rule,  I  have  only  seen  favorable  results 
from  doses  of  1  gm.  of  trional  and  tetronal  given  to  a  sleepless  patient 
every  third,  or  at  most  every  second  night.  This  secures  rest  for  at  least 
a  few  hours.  I  avoid  hypnotics,  of  course,  when  the  heart  weakness  is 
pronoimced.  In  such  cases  small  amounts  of  sodium  bromid  may  be 
ordered  with  profit,  although  they  do  not  produce  sleep  in  the  proper 
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sense,  but  bring  about  a  general  relaxation.    I  am  not  accustomed  to 
order  more  than  2  gm.  per  day. 

I  regard  the  effect  of  rest  in  bed  as  a  factor  more  important  than  any 
other  measure  which  we  can  bring  to  bear  upon  the  course  and  termination 
of  endocarditis.  I  am  now  not  speaking,  of  course,  of  the  severe  cases 
with  virulent  infection.  Owing  to  their  sudden  onset,  they  require  rest 
in  bed,  anyway,  but  it  is  in  the  milder  cases,  with  a  less  stormy  onset, 
that  rest  in  bed  is  to  be  insisted  upon.  In  such  cases  the  general  condi- 
tion of  the  patient  is  not  so  markedly  impaired,  and  persons  who  are 
naturally  resistant,  and  who  pay  less  attention  to  their  well-being  than 
to  the  continuation  of  their  daily  work,  will  try  to  keep  on  their  feet  as 
long  as  possible.  The  presence  of  indistinct ' '  drawing"  pains,  which  occur 
sometimes  here,  sometimes  there,  which  appear  suddenly  and  disappear 
just  as  quickly,  is  the  best  proof  that  "rheumatism"  is  present.  Every 
one  who  is  looking  for  it,  can  remember  an  occasion  when  he  might  have 
caught  cold.  The  physician  is  scarcely  consulted,  and  home  remedies 
are  used.  Thus  matters  will  drag  on,  until  finally  the  gradual  loss  of 
strength  or  a  rapid  advance  of  the  disease  shows  the  seriousness  of  the 
situation.  I  have  seen,  on  several  occasions,  how  such  a  neglected  illness 
has  led  to  death  within  a  few  days  after  the  onset. 

I  make  it  a  rule  in  my  Policlinic  that  in  every  case  of  "rheumatism" 
the  heart  be  carefully  observed,  and  that  rest  in  bed  be  ordered  at  once 
as  soon  as  a  connection  with  endocarditis  is  suspected.  A  few  days 
suffice  in  order  to  clear  up  the  matter,  and  to  determine  whether  the 
observation  should  be  continued  further.  Our  patients  have  been  content 
to  abide  by  this  rule,  and  have  remained  in  bed  as  long  as  the  physicians 
considered  it  necessary — long  before  the  mutual  benefit  societies  existed. 
Deaths  which  occurred  in  the  manner  just  mentioned  taught  them  to  be 
obedient. 

How  long  shall  the  patient  remain  in  bed?  In  this  I  have  grown 
more  and  more  cautious  as  time  has  passed.  A  good  criterion  is  the 
behavior  of  the  temperature,  provided  one  can  command  prolonged 
observations  with  tta*ee  measurements  daily. 

I  allow  the  patient  to  get  up  only  when  every  deviation  from  the- 
normal  has  been  absent  for  at  least  two  weeks.  The  sensitiveness  of  the 
bones  and  the  joints  must  also  have  been  absent  for  the  same  length 
of  time,  and  eruptions  must  not  have  occurred  within  the  same  period. 
I  lay  less  stress  upon  the  nervous  symptoms,  and  the  continuation  of  the 
choreic  movements  does  not  come  into  consideration  as  regards  the 
patient's  rest  in  bed.  The  behavior  of  the  heart  itself,  however,  must 
be  carefully  considered.  The  general  rule  is  that  all  signs  of  heart  weak- 
ness must  have  disappeared  entirely  before  the  patient  is  allowed  to  get 
up.  Slight  irregularities  of  the  pulse,  however,  are  not  of  very  great 
importance. 

The  safest  way  is  to  try  an  experiment.  The  patient  is  allowed  to 
get  up,  or  at  least  to  sit  for  a  few  minutes  with  his  arms  and  legs  hanging 
downward.  The  presence  or  absence  of  cyanosis  in  the  dependent  limte 
will  show  the  state  of  the  heart's  vigor. 

Even  a  considerable  increase  in  the  pulse-rate,  which  appears  under 
these  conditions  or  under  the  influence  of  other  forms  of  excitement,  is 
not  necessarily  to  be  regarded  in  the  question  of  the  patient's  getting  up, 
provided  these  irregularities  pass  away  in  the  course  of  a  few  minutes. 
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Prolonged  palpitation  of  the  heart  and  cardiac  excitement  which  occur 
without  any  cause  prohibit  the  interruption  of  rest  in  bed. 

The  findings  on  physical  examination  must  be  carefully  estimated. 
Older  valvular  defects  are  but  exceptionally  to  be  considered  in  deciding 
this  question.  Changes  in  the  area  of  dulness,  as  determined  by  per- 
cussion, are  scarcely  met  with  at  this  time.  They  have  reached  a  certain 
limit  before,  which  remains  constant  to  a  certain  degree,  unless  a  severe 
involvement  of  the  heart  muscle  favors  the  development  of  dilatations. 
These,  however,  are  accompanied  by  a  decrease  in  the  cardiac  function, 
and  this  is  the  most  important  element  in  deciding  whether  the  patient 
should  stay  in  bed  or  not. 

It  would  be  foolish  to  wait  for  a  hypertrophy  which  might  follow  the 
dilatation,  and  to  expect  the  shrinking  of  the  area  of  dulness.  The  auscul- 
tatory phenomena  need  only  be  considered  when  they  offer  something 
really  new,  and  this  is  very  difficult  to  decide  whenever  older  lesions  are 
present. 

The  same  may  be  said  of  changes  in  the  valves  or  orifices  which  occur 
in  the  course  of  endocarditis  in  a  previously  healthy  heart.  It  is  advisable 
to  give  the  heart  muscle  the  opportunity  to  restore  compensation  by  rest 
of  the  body  under  the  most  favorable  conditions  possible.  One  should  not 
forget,  however,  that  a  certain  amount  of  cardiac  capacity  is  necessary 
for  this  purpose.  It  is  easier  to  find  out  when  attempts  may  be  made  to 
get  up,  and  when  the  patient  can  begin  to  exercise  by  watching  the 
heart  increase  its  capacity  for  work  than  by  percussion  and  auscultation. 

The  patient  should  be  watched  also  in  another  direction,  and  if  he  is 
allowed  to  get  up,  it  is  best  to  test  whether  he  is  ready  for  the  change  or 
not  in  the  following  manner:  He  should  at  first  be  allowed  to  get  up  for  a 
few  hours,  the  time  being  gradually  increased.  The  temperature  is  taken 
regularly,  if  it  had  been  taken  before,  and  if  the  last  traces  of  the  infection 
have  not  disappeared,  then  sUght  rises  are  easily  observed.  This  decides 
the  question  at  once.  Everything  connected  with  heart  weakness  should 
be  considered,  and  thus  the  duration  of  the  patient's  sitting  up,  as  well 
as  the  question  as  to  the  length  of  his  walking,  driving,  etc.,  are  to  be 
regulat^. 

I  believe  that  in  this  way  we  can  do  a  great  deal  of  good,  and  can 
lessen  the  danger  to  life,  as  well  as  limit  to  the  minimum  the  tissue 
changes  in  the  heart  which  are  unavoidable.  On  the  other  hand,  trans- 
gressions of  these  very  simple  rules  of  treatment  have  been  heavily 
avenged. 

In  the  after-treatment,  I  shall  point  out  only  one  more  thing:  we  should 
be  careful  not  to  subject  a  person  who  has  just  passed  through  a  fresh 
attack  of  heart  disease  too  early  to  a  general  treatment,  such  as,  for  in- 
stance, the  Nauheim  baths.  This  warning  is  especially  applicable  to  the 
cases  of  mild  recurrent  endocarditis. 


20 


VALVULAR   DISEASE 

BY 

THEODOR  VON  JURGENSEN,  M.D. 


VALVULAR  DISEASE 


INTRODUCTION. 

CAUSES. 

Valvular  lesions  in  the  heart  are  produced  by  tissue  changes  which 
cause  an  imperfect  closure  of  the  flaps  involved,  or  a  narrowing  of  the 
orifices  which  they  control.  The  causes  of  these  anatomic  changes  are 
either  endocarditis  or  atheromatous  changes.  For  several  reasons,  no 
accurate  statement  can  be  made  as  regards  the  external  conditions  which 
favor  the  development  of  these  changes. 

Endocarditis  arises  as  the  result  of  the  action  upon  the  heart  of  a 
number  of  causes  of  disease,  perhaps  of  any  that  produce  general  affections. 
Endocarditis  is,  in  other  words,  one  of  the  phenomena  of  the  general 
infection  produced  by  these  germs.  These  general  infections  may  vary, 
both  as  to  the  time  and  as  to  the  place  of  their  occurrence.  The  same  is 
true  both  of  the  primary  disease  and  also  of  the  secondary  affection. 
Figures  which  express  the  frequency  of  endocarditis  in  general,  and  the 
occurrence  of  its  various  causes  in  particular,  are,  therefore,  necessarily 
subject  to  great  variations. 

One  thing  is  certain,  however,  and  that  is  that  acute  articular  rheuma- 
tism plays  a  very  prominent  r61e  in  the  origin  of  valvular  lesions.  It  is 
doubtful,  however,  just  how  often  rheumatism  is  concerned  in  the  pro- 
duction of  heart  disease.  A  few  trustworthy  observations  may  be  cited 
here  as  examples: 

In  Zurich*  (Eichhorst's  clinic),  241  cases,  of  which  65.6  per  cent, 
were  caused  by  acute  rheumatism.  Jenat  (Stintzing's  clinic),  210  cases, 
of  which  36.7  per  cent,  were  caused  by  acute  rheumatism.  Leipzig! 
(Curschmann's  clinic),  670  cases,  of  which  58  per  cent,  were  due  to  acute 
rheumatism.  Riga§  (hospital  and  private  practice),  110  cases,  of  which 
27.2  per  cent,  were  due  to  C*  typical")  acute  articular  rheumatism. 

Hampeln  mentions  the  difficulties  which  arise  from  the  fact  that  the 
term  "acute  articular  rheumatism"  cannot  be  absolutely  defined.  He 
distinguished  a  **  typical"  form,  and  another  type  which  he  calls  the 
"atypical  and  larval,"  which  constitutes  not  less  than  23.6  per  cent,  of  his 
cases  of  valvular  disease.  Just  at  present,  when  the  question  is  pending 
as  to  the  relation  of  acute  articular  rheumatism  to  septic  infections, 
statistical  statements  are  all  the  more  misleading.  (Compare  Endocardi- 
tis, p.  182,  etc.) 

♦"Statistisch  klinische  Mittheilungen  aber  Herzklappenfehler,"  dissertation. 
Zurich,  1889. 

t  "Statistische  Mittheilungen  uber  Herzklappenfehler,"  dissertation,  Jena,  1893, 

t  Mengel  in  an  unpublished  dissertation,  quoted  in  Romberg,  "Handbuch," 
p.  801. 

5  Hampeln,  P.,  "Ueber  Sklerose  und  entziindliche  Schrumpfung  der  Herz- 
klappen,"  "Zeitschrift  fUr  klinische  Medicin,"  Bd.  xi,  1886,  S.  487. 
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Aiheromatous  degeneration  does  not  seem  to  be  so  frequently  the 
cause  of  valvular  lesions.  The  following  figures  were  taken  from  the 
sources  already  quoted,  and  express  the  percentage  of  cases  due  to 
atheroma:  Zurich,  12.5  per  cent.;  Jena,  15.7  per  cent.;  Leipzig,  12.3  per 
cent.;  and  Riga,  39.1  per  cent. 

The  figures  of  the  University  clinics  do  not  vary  to  any  extent,  but  are 
very  different  from  those  given  by  Hampeln.  Possibly  the  cause  of  this 
is  that  in  a  municipal  hospital  a  much  larger  number  of  middle-aged  and 
old  persons  find  admission. 

It  may  be  said,  in  contradiction  to  former  statements,  that  valvular 
defects  occur  practically  with  the  same  frequency  in  both  sexes,  and  that 
the  female  sex  is  not  favored  in  any  way. 

The  age  of  the  patient  is  naturally  of  importance,  on  account  of  the 
fact  that  atheromatous  degeneration  occurs  but  exceptionally  before  the 
age  of  forty,  and,  therefore,  owing  to  this  fact  the  same  is  true  of  the 
valvular  defects  due  to  this  cause.  It  is  self-evident  that  a  person  over 
forty  years  of  age  may  be  attacked  by  endocarditis.  Acute  articular 
rheumatism,  in  the  ordinary  sense  of  the  word,  meaning  the  typical  form, 
is  seen  most  frequently  from  puberty  up  to  about  the  thirtieth  year. 
The  largest  percentage  of  valviilar  lesions  falls  into  this  period  of  Ufe,  at 
least  the  largest  percentage  of  valvular  lesions  which  come  to  the  physician 
as  such,  that  is,  fully  developed.  Thus,  in  Zurich  there  were  patients  from 
eleven  to  thirty  years  of  age,  59.8  per  cent.;  in  Jena,  from  ten  to  thirty 
years,  50.8  per  cent.;  and  in  Leipzig,  from  nineteen  to  twenty-nine  years, 
56  per  cent. 

The  question  as  to  when  the  valvular  lesion  arose  is  quite  distinct  from 
that  just  discussed,  and  cannot  be  answered  offhand. 

Schnitt  has  tried  to  do  this  by  considering  cases  in  which  an  acute  polyarthritis 
had  preceded  the  observation,  but  was  able  to  utilize  only  77  of  his  210  cases.  He 
found  that  in  a  large  percentage,  t.  e.,  in  13  per  cent.,  the  valvular  lesion  developed 
within  the  first  ten  years  of  life.  Leuch  is  less  accurate,  and  without  considering 
the  mode  of  origin,  estimates  that  11.6  per  cent,  of  his  patients  in  the  Zurich  hospital 
developed  endocarditis  before  the  age  of  ten,  while  three  of  these  had  congenital 
valvular  defects.  Romberg  saw  only  0.15  per  cent,  of  fully  developed  vaivular 
diseases  before  the  tenth  vear  in  the  cases  observed  at  Leipzig. 

This  shows  that,  aside  from  its  fetal  form,  endocarditis  may  occur  very  early  in 
life.  However,  the  fact  that  endocarditis  is  capable  of  producing  changes  in  the 
valves  at  its  first  appearance,  but  that  these  changes  do  not  necessarily  lead  to  ex- 
tensive interference  with  the  valves  or  to  true  valvular  disease,  does  not  allow  us  to 
adopt  the  standard  of  Schnitt.  We  know  how  slowly  and  insidiously,  and  at  other 
times  how  suddenly  and  acutely,  recurrent  endocarditis  may  set  in.  Valvular 
lesions,  in  their  clinical  sense,  alwajrs  include  a  true  disturbance  in  the  function  of  the 
involved  part.  So  long  as  this  disturbance  has  not  occurred,  we  can  speak  of  an 
endocarditis  that  has  not  subsided,  but  not  of  a  valvular  defect. 

This  shows  the  difficulties  which  we  encounter  when  we  seek  to  give  accurate 
figures  as  to  the  relations  of  valvular  disease  of  the  heart  to  the  age  of  the  patient. 

Bamberger,  Curschmann,  to  mention  only  a  few  of  our  best  observers,  have 
pointed  out  that  a  considerable  time  must  eutpse  after  an  endocarditis  before  the 
distinct  signs  of  a  valvular  affection  can  appear.  For  this  purpose  it  is  not  necessary, 
therefore,  that  there  should  be  a  recurrence  of  the  inflammation;  the  process  which 
has  once  developed  continues  to  glow  like  a  spark  under  a  layer  of  ashes.  Therefore, 
if  we  desire  to  be  sure  of  our  ground  on  this  question,  we  must  observe  suspicious 
cases  for  a  much  longer  time  and  much  more  regularly  than  is  usually  done,  especially 
in  the  conditions  obtaining  in  hospital  practice. 

What  is  the  frequency  of  valvular  affections  in  the  individual  valves? 
This  question  can  be  decided,  as  sufficiently  large  figures  are  available. 
The  following  statistics  embrace  2470  cases.    From  these  it  appears 
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that  the  mi^roZ  valve  is  by  far  most  frequently  affected.  On  the  average, 
it  was  involved  in  65.4  per  cent,  of  all  cases.  The  extreme  values  varied 
between  a  maximum  of  72  per  cent.  (Zurich  and  Vienna)  and  a  minimum 
of  54  per  cent.  (Gottingen).  The  valve  affected  with  the  next  greatest 
frequency  is  the  aortic,  averaging  18  per  cent,  of  the  cases,  with  a  maxi- 
mum of  25  per  cent.  (Wiirzburg)  and  a  minimum  of  6  per  cent.  (Gottingen). 

It  should  be  noted  in  connection  with  the  fact  that  the  minimum  per- 
centage for  both  valves  was  observed  in  Gottingen,  that  complex  valvular 
lesions  were  observed  in  that  city  in  no  less  than  32  per  cent,  of  the  total 
cases.  On  the  average,  complex  cases  occurred  in  12  per  cent,  of  all  cases, 
and  of  these,  9.1  per  cent,  were  cases  of  simultaneous  affection  of  the 
mitral  and  aortic. 

An  insufficiency  of  the  valves  may  develop  quite  suddenly.  It  occurs 
when  a  perforation  takes  place  in  the  valve  at  a  spot  which  has  become 
less  resistant,  owing  to  the  inflammation  or  necrosis.  The  valve,  which 
has  previously  been  strained  somewhat,  and  in  consequence  has  become 
sacculated  (acute  valvular  aneurysm),  yields  to  pressure  of  the  blood- 
stream. The  tendinous  cords  of  the  atrioventricular  valves  may  also 
burst  suddenly,  as  the  result  of  a  previous  inflammatory  or  degenerative 
tissue-change.  In  exceptional  cases  the  tearing  of  a  really  healthy  valve 
may  be  produced  by  an  excessive  physical  exertion,  or  rather  more 
frequently  by  a  strong  traumatism  upon  the  thorax.  Usually,  it  will  be 
found  that  in  such  cases  the  tissue  of  the  valve  had  not  been  perfectly 
normal.  The  aortic  is  more  frequently  thus  affected  than  the  mitral 
valve. 

♦Clinics,  Bamberger,  "  Virchow's  Archiv,"  Bd.  ix,  S.  524. 
tEbstein's  clinic,  Kdster,  "  Beitr.  z.  Statistik  d.  Herzklappenfehler,"  disser- 
tation, 1883. 

t  Hospital,  1882,  quoted  by  Leuch. 

§  Gerhardt's  clinic,  from  Hirsch,  "  Mittheil.  a.  d.  Medicin.  Klinik  zu  Wiirz- 
burg," Bd.  ii,  8.  305. 

LBiermer's  Klinik  and  Poliklinik,  Guttmann,  "  Zur  Statistik  der  Herzklap- 
ler,"  dissertation,  1891. 
**  Leuch,  in  the  dissertation  already  quoted. 

ft  Schnitt,  in  the  dissertation  already  quoted.  Also  a  case  in  which  all  the 
valves  were  involved. 
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In  the  great  majority  of  cases  endocarditis  or  atheromatous  degenera- 
tion results  in  a  gradual  thickening  of  the  valves  produced  by  an  in- 
crease of  connective  tissue  which  undergoes  transformation  into  fibrous 
tissue.  This  is  followed  by  fatty  or  hyaline  degeneration,  and  finally  by 
calcification. 

The  further  development  of  a  valvular  lesion  is  associated  with  the 
formation  of  thrombi,  wherever  the  endothelium  has  been  destroyed  and 
the  surface  has  been  roughened.  The  great  importance  of  this  process 
was  first  pointed  out  by  Ziegler.*  At  first  there  is  a  deposit  of  blood- 
platelets  from  the  blood,  flowing  in  a  slow  stream  over  the  injured  surface 
of  the  valve.  Next  comes  a  precipitation  of  fibrin,  which  is  accompanied 
by  red  and  white  blood-cells.  Then  follows  the  formation  of  new  con- 
nective tissue  in  that  portion  of  the  valve  which  remains  permanently 
covered  by  the  thrombus.  This  connective  tissue  penetrates  into  the 
mass  of  the  thrombus,  becomes  organized,  and  later  may  undergo  a 
variety  of  degenerations.  Smaller  thrombi  usually  become  replaced 
by  connective  tissue,  while  larger  thrombi  usually  calcify. 

A  series  of  changes  takes  place  in  the  interior  of  the  thickened  valve 
for  a  long  time  after  the  beginning  of  the  process.  In  virtue  of  these 
changes  the  structure  of  the  newly  formed  connective  tissue  is  altered,  so 
that  there  are  fewer  cells  and  vessels,  and  the  tissue  becomes  tougher  in 
consistence.  There  are  also,  often,  hyaline  degeneration,  fatty  degenera- 
tion, and  finally  calcification  (Ziegler). 

It  is  possible,  therefore,  that  a  valvular  disease  may  grow  worse  without 
the  occurrence  of  a  fresh  inflammation  of  the  affected  parts. 

The  changes  in  the  blood-supply  due  to  newly  formed  vesseU,  which 
arise  in  the  valves  in  the  wake  of  endocarditis,  but  not  after  atheromatous 
processes,  are  worthy  of  attention.  They  are  as  follows,  according  to 
the  researches  of  Langer.f  The  semilimar  valves  normally  do  not  possess 
any  blood-vessels.  The  auriculoventricular  valves  have  vessels  only  in 
the  portions  which  adjoin  the  endocardium,  while  the  tendinous  cords 
are  entirely  without  blood-vessels.  New  vessels  arise  in  the  course  of 
protracted  inflammatory  processes  in  the  endocardium,  and  this  is  more 
marked  in  the  valves  and  the  tendinous  cords  of  the  left  side,  than  in  those 
of  the  right.  This  rule,  however,  has  exceptions.  The  newly  formed 
capillaries  are  comparatively  large  in  diameter,  and  vary  greatly  as  to 
the  thickness  of  their  walls.  They  are  connected  with  one  another  in 
the  form  of  a  wide-meshed  network  of  vessels. 

These  capillaries  are  apt  to  remain  in  the  tissue,  when  no  great  con- 
traction of  the  valves  follows  the  inflammatory  process.  If  such  contrac- 
tion takes  place,  they  disappear  almost  completely.  It  is.  uncertain,  as 
yet,  what  relation  the  formation  of  new  vessels  bears  to  the  nutrition  of 
the  valves,  and  what  connection  there  is  between  them  and  the  recurrence 
of  the  inflammation  or  the  extension  of  the  process. 

The  diseased  valves  become  less  elastic.  Even  when  this  occurs  but 
in  a  slight  degree,  one  change  is  inevitable.  The  valve  must  allow  a  free 
passage  for  the  incoming  and  outgoing  blood,  and  this  takes  place 
when  the  valve  is  pressed  backward  against  the  point  of  attachment  of 
its  valvular  ring.    This  follows  in  obedience  to  the  pressure  of  the  blood 

*  "Ueber  den  Ban  und  die  Entstehung  der  endocarditischen  Effloresoenzen," 
"  Verhandlungen  des  Con|p»sses  fttr  innere  Medicin,"  1888,  Bd.  vii,  S.  339  ff. 

t  "Ueber  die  Blutgefiisse  in  den  Herzklappen  bei  Endocarditis  valvularis,"  von 
Ludwig  V.  Langer,  "  Virchow's  Archiv, "  Bd.  cix  (1887),  S.  465  flf. 
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which  flows  in  a  certain  direction.  As  the  time  during  which  the  cardiac 
cycle  takes  place  is  very  short,  the  passive  movements  of  the  valves  must 
occur  with  the  least  possible  resistance  of  their  tissue,  as  is  normally  the 
case.  In  this  way  only  can  the  passage  of  blood  occur  with  perfect 
freedom.  Anything  that  increases  the  resistance  within  the  tissue  of  the 
valves  interferes  with  the  sufiiciently  rapid  opening  of  the  orifices.  When- 
ever, therefore,  the  closure  of  the  valves  is  no  longer  possible  at  the  right 
instant  on  account  of  thickened  tissues,  then  the  opening  of  these  valves 
is  also  no  longer  possible.  Every  insufficiency  which  arises  in  this  manner 
is  necessarily  followed  or  accompanied  by  a  stenosis.  The  latter  increases 
in  proportion  as  the  valves  are  hindered  in  their  movements,  and  in  pro- 
portion as  they  project  into  the  openings  which  they  are  intended  to  close. 
The  highest  degrees  of  stenosis  occur  when  the  valves  become  adherent 
at  their  margins  and  become  stiffened  through  calcification.  In  such  cases 
there  remain  only  openings  of  a  few  millimeters'  diameter  for  the  passage 
of  the  blood. 
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Every  valvular  lesion  increases  the  demand  upon  the  muscular  mass 
of  the  heart  which  supplies  the  kinetic  energy  which  is  necessary  to  drive 
the  blood  through  the  circulation. 

The  simplest  conditions  obtain  in  stenoses  of  the  orifices.  When  the 
same  amoimt  of  a  fluid  must  be  driven  through  a  tube  within  a  given  time, 
the  resistance  increases  in  regular  ratio  with  a  decrease  of  the  diameter  of 
the  tube.  The  narrower,  therefore,  the  stenosis  becomes  at  one  or  the 
other  outlet  or  inlet,  the  greater  will  be  the  tax  upon  the  capacity  of 
that  part  of  the  heart  which  has  to  drive  the  blood  through  this  opening. 
In  all  stenoses  due  to  valvular  lesions  there  are  permanent  tissue  changes 
and,  therefore,  the  task  of  the  heart  is  permanently  increased. 

If  the  valves  do  not  close,  then  a  part  of  the  blood  which  has  been 
driven  through  them  during  systole  in  a  certain  direction  will  return  into 
the  diastoUcally  relaxed  ventricle  (aortic  and  pulmonary  valves),  or  else 
will  be  driven  into  the  auricles  during  systole  (mitral  and  tricuspid  valves) . 
The  immediate  effect  will  be  that  a  smaller  amount  of  blood  will  pass 
through  the  vessels  in  the  direction  with  which  we  are  dealing.  In  order 
to  restore  the  original  state  of  affairs,  that  is,  in  order  to  make  the  old 
amount  of  blood  pass  on  with  the  proper  speed,  ihe  driving  force  must 
be  increased  in  a  corresponding  degree.  But,  in  addition,  there  must 
also  be  an  enlargement  of  that  cavity  in  which  the  blood  temporarily 
accumulates.     (See  below,  page  319,  etc.) 

A  prolonged  insufficiency  of  valves,  therefore,  leads  to  permanent 
increase  in  the  labor  of  the  heart,  just  as  a  stenosis  of  the  orifices  does.  In 
order  to  compensate  for  these  changes  the  driving  force  must  be  increased, 
and  this  can  be  effected  only  by  increasing  the  power  of  the  mechanism 
which  furnishes  this  labor. 

Wherever  a  permanent  increase  in  the  labor  to  be  furnished  is  necessary, 
we  find  a  hjrpertrophy  of  the  muscle-fibers  of  the  heart.  Such  a  hyper- 
trophy of  the  muscle-fibers  cannot  be  increased  to  any  degree  we  Uke, 
nor  can  it  continue  indefinitely.  Every  organ  of  the  body,  including  the 
muscles,  has  a  limit  of  activity  which  cannot  be  exceeded,  and  beyond  which 
it  cannot  increase  in  function.    Therefore,  '*thus  far  and  no  farther'*  is 
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the  principle,  and  the  most  favorable  conditions  of  nutrition  can  avail 
nothing  in  this  respect. 

Alexis  Horvath,*  in  his  remarkable  book,  teaches,  among  other  things,  that  ''it 
is  ridiculous  to  say  that  the  muscles  become  hypertrophic  through  increased  labor 
and  atrophic  through  disuse. "  "If  the  physiologic  law ,  according  to  which  a  working 
muscle  grows  larger  in  proportion  to  the  work,  were  correct,  then  our  heart  would 
have  to  continue  to  grow  year  by  vear  (even  after  the  growth  of  the  body  had  ceased) 
and  would  have  to  enlarge  to  sucn  an  extent  that  the  heart  of  a  man  forty  years  old 
or  even  of  a  man  younger  than  that  would  have  to  fill  the  entire  thorax."  It  is 
possible,  therefore,  that  we  do  not  understand  the  action  of  one  of  the  fimdamental 
laws  of  biology,  although  at  first  sight  this  possibility  would  seem  to  be  remote. 

Hypertrophy  of  the  cardiac  muscle  can  only  take  place  when  the 
muscular  tissue  is  capable  of  growth,  or,  let  us  say,  of  development,  and 
when  the  material  necessary  for  this  increase  is  available  on  the  spot. 
In  the  final  analjrsis,  the  conditions  upon  which  the  ability  of  muscular 
growth  depends  are  still  obscure.  They  are  manifestations  of  that  which 
we  know  as  ''life." 

It  is  different  with  nutrition.  This  may  be  discussed  and  even,  to 
some  extent,  its  value  estimated.  I  shall  follow  here  the  arguments  of 
Benno  Lewy.f  When  the  circulation  takes  place  in  normal  fashion,  a 
certain  amount  of  blood  under  a  certain  pressure  enters  the  aorta 
in  each  unit  of  time.  The  same  amount  enters  the  pulmonary  artery, 
and  the  intervening  capillary  region  is  traversed  in  both  places  by  the 
same  amoimt  of  blood  within  the  same  period  of  time.  The  driving  force 
of  both  the  left  and  right  side  of  the  heart  suffices  to  overcome  the 
resistances  and  to  communicate  the  necessary  velocity  to  the  blood.  Ap- 
proximately, the  work  of  the  normal  heart  at  rest  may  be  expressed  as 
815  meter-kilograms  per  hour.  When  the  body  is  in  motion,  then  the 
heart  must  perform  from  three  to  thirteen  times  as  much  work,  according 
to  the  demands  of  the  muscles  employed  for  the  exertion. 

The  question  is  now  whether  the  heart  is  able  to  cope  fully  with  the 
task  thus  set  before  it,  in  spite  of  the  presence  of  a  valvular  disease;  that 
is,  whether  the  heart  can  develop  not  only  the  amount  of  force  necessary 
when  the  body  is  at  rest,  but  also  that  needed  for  the  severest  muscular 
exertion — up  to  thirteen  times  the  amount  of  work  that  it  does  at  rest. 
We  might  be  allowed  to  speak  of  complete  compensation,  only  if  this  were 
possible,  and  if  the  normal  working  capacity  of  the  heart  could  be  pre- 
served in  spite  of  the  presence  of  a  valvular  lesion. 

The  energy  supplied  to  the  body  day  by  day  through  the  food  is  a  con- 
stant value,  which  is  estimated  at  345,000  meter-kilograms.  Of  these, 
45,000  are  allotted  to  the  cardiac  activity  of  a  person  doing  an  average 
amount  of  muscular  work.  In  every  case  of  a  valvular  defect  the  tax 
upon  the  labor  of  the  heart  is  increased;  for  the  amount  of  \dtal  energy 
which  would  be  sufficient,  under  normal  conditions,  to  drive  a  certain 
amount  of  blood,  at  a  certain  pressure,  through  the  circulation  at  a  certain 
speed,  within  a  certain  time,  is  no  longer  sufficient.  The  amount  of  energy 
which  the  heart  requires,  in  addition  to  that  normally  consumed  by  it,  is 
to  be  subtracted  from  the  total  (345,000  meter-kilograms),  and  to  be  added 
to  the  normal  amount  (45,000  meter-kilograms). 

Therefore,  it  is  impossible  to  get  an  absolute  imconditional  compensa- 

*  "Ueber  die  Hjrpertrophie  des  Herzens,"  mit  einem  Vorwort  von  A.  Weichsel- 
baum,  Wien  und  Leipzig,  Wilhelm  Braumiiller,  1897. 

t  **  Die  Arbeit  des  gesunden  und  des  kranken  Herzens, "  -'Zeitschrift  fUr  klinische 
Medicin,"  Bd.  xxxi  (1897). 
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tion  in  the  sense  that  the  same  working  capacity  of  the  heart  which 
existed  before  the  valvular  defect  developed  be  perfectly  restored.  The 
increased  energy  required  by  the  heart  is  lost  for  the  other  expenses  of  the 
body.  This  loss  is  shown  chiefly  in  the  muscles  whenever  they  are 
employed  for  physical  work.  The  greater  the  demands  which  the  heart 
makes  for  itself  upon  the  store  of  total  energy,  the  less  of  this  energy  will 
remain  available  for  the  muscles.  On  the  other  hand,  perfect  rest  of  the 
body,  that  is,  the  avoidance  of  all  motion  which  is  not  absolutely  necessary 
for  the  continuance  of  Ufe,  places  the  entire  store  of  available  energy  at  the 
disposal  of  the  heart.  The  latter  would  then  be  able  to  employ  345,000 
meter-kilograms;  in  other  words,  7.7  times  as  much  as  the  normal  amount 
of  energy  which  the  heart  requires. 

Then  we  have  reached  the  extreme  limit.  A  greater  amount  of  work 
is  not  possible,  because  an  increased  amount  of  energy  cannot  be  fiunished: 
"A  valvular  defect,  or  any  other  impediment  in  the  circulation  which 
requires  more  than  7.7  times  the  amount  of  normal  energy  for  the  continu- 
ance of  a  normal  circulation,  even  when  the  body  is  at  perfect  rest,  is, 
therefore,  incompatible  with  life.  When  such  a  valvular  defect  is  present, 
a  sufficient  circulation  is  impossible''  (B.  Lewy). 

The  working  capacity  of  the  heart  muscle  is,  as  a  rule,  proportionate 
to  its  weight.  The  weight  of  the  heart  is  normally  said  to  b^  300  gm. 
How  much  would  the  heart  have  to  weigh  in  order  to  develop  the  utter- 
most amount  of  energy?  Seven  and  seven-tenths  times  300  gm.,  which 
equals  2310  gm. 

The  greatest  weight  observed  in  the  heart  by  Stokes  (according  to 
Eichhorst)  was  1980  gm.;  in  other  words,  6.6  times  the  normal  weight. 
This  is  a  figure  which  comes  fairly  close  to  the  theoretic  calculation. 

These  figures  of  Benno  Lewy's  give  a  general  conception  of  the  subject  under 
consideration.  It  must  be  noteci,  however,  that  he  excludes  from  this  calculation  all 
the  work  which  must  be  done  to  maintain  respiration.  If  this  energy  were  consid- 
ered, very  complicated  conditions  would  arise ;  for  the  activity  of  the  respiratoiy 
muscles  is  indirectly  concerned  in  the  circulation  of  the  blood.  In  my  opmion,  it 
would  be  very  desirable  to  attempt  to  bring  this  factor  into  the  calculation.  Next  to 
the  amount  of  work  furnished  by  the  heart  muscle  itself,  the  work  involved  in  res- 
piration is  of  the  greatest  importance  for  the  circulation.  The  absolute  values  which 
may  be  obtained  without  taking  this  factor  into  consideration  are  satisfactory  from 
the  viewpoint  of  the  mathematician,  but  not  from  that  of  the  physician.  For  the 
physician  sees  at  the  bed-side  in  what  pronounced  degree  the  condition  of  the  respi- 
ration can  become  altered  in  disturbances  of  the  mechanism  of  the  heart-pump, 
and  therefore  to  what  extent  the  value  of  the  muscular  work  employed  in  respiration 
is  to  be  considered  in  this  connection. 

In  general,  the  respiration  is  increased  in  frequency.  Therefore,  the  drain  upon 
the  total  sum  of  energy  which  the  body  has  at  its  disposal  is  also  increased.  The 
diaphragm,  and  all  the  accessory  muscles  which  are  employed  during  forced  breathing, 
require  a  much  greater  expenaiture  of  energy  for  the  purpose  of  respiration,  and 
it  IS  a  question  as  to  how  much  of  this  increased  energy  is  left  for  the  benefit  of  the 
circulation.  I  scarcely  think  that  these  Questions  are  amenable  to  mathematic 
analysis,  but  I  may  be  wrong,  and  I  should  be  glad  to  be  informed  if  such  be  the 
case. 

B.  Lewy  considers  a  few  other  points  of  general  interest.  He  bases 
his  considerations  upon  the  supposition  that  the  normal  capacity  of  the 
working  body  remains  unaltered,  in  spite  of  the  presence  of  a  valvular 
lesion.  We  must  not  confound  with  this  working  capacity  the  ability 
to  continue  to  live.  The  latter  may  be  maintained  even  when  less  blood 
passes  through  the  tissues  imder  a  lessened  pressure.  B.  Lewy  asks 
whether  it  is  not  possible  that  a  better  employment  of  the  oxygen  con- 
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tained  in  the  arterial  blood  would  be  sufficient  to  maintain  organic 
nutrition  in  the  proper  degree,  in  spite  of  the  fact  that  only  one-half  the 
amoui^t  of  blood  is  driven  through  the  tissues  within  a  given  period  of 
time?  If  this  question  could  be  answered  in  the  affirmative,  the  heart 
could  very  well  diminish  the  amount  of  work  which  it  has  to  do.  I  have 
already  answered  this  question  in  the  negative  in  another  connection 
(p.  143),  quoting  the  deductions  of  von  Noorden,  with  whom  I  fully 


An  organ  may  temporarily  manage  to  get  along  with  a  lesser  degree  of 
oxygen  tension  in  the  blood  which  passes  through  it;  but  if  its  tissue  shall 
remain  intact,  if  the  capacity  of  its  cells  to  transform  energy  into  living 
force  shall  remain  at  its  height,  then  it  cannot  remain  contented  with 
a  lessened  supply  for  any  length  of  time.  This  fact  must  also  be  taken 
into  consideration  in  discussing  the  next  question,  viz.. 

Why  does  the  body  require  such  a  high  blood  pressure  and  such  a  rapid 
circulation? 

The  answer  to  this  can  only  be  that  these  are  necessary  in  the  interest 
of  the  working  capacity  of  the  organism.  The  body  must  be  at  all  times 
ready  to  supply  an  excess  of  external  work.  We  know,  therefore,  that  the 
requirement  at  such  times  is  an  extraordinarily  large  amount  of  blood, 
and  we  can  imagine  that  without  this  a  rapid  transition  from  the  minimum 
of  blood  pressure  and  circulatory  velocity  which  is  sufficient  when  the 
body  is  at  rest,  to  the  maximum  required  in  a  time  of  activity,  would  be 
impossible. 

The  heart  normally  works  with  lavish  expenditure  of  energy,  so  that 
the  body  is  ready  at  any  minute  to  develop  its  full  capacity.  While  the 
circulation  is  normally  more  active  than  is  necessary,  the  organs  are 
always  immediately  ready  to  furnish  at  least  some  measure  of  external 
energy.  The  increased  demand  for  blood,  therefore,  influences  the  heart's 
action  less  markedly  than  would  otherwise  be  the  case.* 

Valvular  defects  produce  an  impairment  in  the  heart-pump  in  still 
another  direction;  namely,  they  decrease  the  capacity  possessed  by  the 
normal  heart  to  perform  a  task  set  before  this  organ  in  more  than  one  way, 
1.  e.,  so  that,  no  matter  which  way  the  work  is  performed,  an  excessive 
exertion  is  not  necessary. 

In  order  to  fulfil  the  requirements  of  a  healthy  human  body,  4200  c.c. 
of  blood  must  be  driven  through  the  capillaries  every  minute,  with  a  de- 
velopment of  about  815  meter-kilograms  of  energy  per  hour — that  is, 
about  1.4  meter-kilograms  per  minute.  Provided  this  standard  is  main- 
tained, the  number  of  contractions  of  the  heart,  and  the  amount  of 
blood  which  is  driven  through  the  circulation  at  each  contraction, — the 
frequency  of  the  pulse,  as  well  as  the  volume  thereof, — ^may  vary  to  a 
marked  degree. 

**  It  does  not  matter  whether  the  4200  c.c.  are  propelled  by  60  separate 
heart-beats,  each  having  a  volume  of  70  c.c,  or  by  70  heart-beats  with 
a  volume  of  60  c.c.  each,  or  else  by  100  beats  \vdth  a  volume  of  42  c.c. 
It  is  also  of  no  consequence  whether  the  systole  be  comparatively  long  or 
short.  If  we  calculate  the  heart's  action  which  is  developed  with  a 
long  or  a  short  systole  we  find  that  the  amount  of  work  done  per  hour 
differs  only  by  30  kg.,  that  is,  by  an  amount  which  is  certainly  within 
the  limits  of  error,  and  therefore  negligible." 

Therefore,  while  the  time-relations  of  the  single  contractions  of  the 
*  Benno  hevry,  loc.  cit.,  pp.  355  and  356. 
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heart  are  of  no  consequence  provided  the  valves  be  healthy,  yet  the  mat- 
ter assumes  a  different  aspect  whenever  a  valvular  lesion  sets  in.*  It 
depends,  however,  upon  the  variety  of  valvular  lesion  present.  The 
following  examples  may  be  cited,  in  which  it  is  always  assumed  that 
4200  c.c.  of  blood  are  propelled  through  the  circulation  per  minute. 

1.  Aortic  stenosis,  in  which  the  orifice  is  0.7  cm.,  permanently 
closed  by  the  adhesion  of  the  margins  of  the  two  flaps: 

60  pulsations  per  minute — ^work  of  the  heart,  1000  mkg.  per  hour. 
70  pulsations  per  minute — ^work  of  the  heart,  1150  mkg.  per  hour. 

2.  Aortic  insufficiency,  in  which  about  0.2  cm.  of  the  valves  is  per- 
manently open: 

70  pulsations  per  minute — ^work  of  heart,  1950  mkg.  per  hour. 
120  pulsations  per  minute — work  of  heart,  1530  mkg.  per  hour. 

3.  Mitral  insufficiency,  in  which  there  was  also  about  0.2  cm.  of  the 
valve  remaining  open : 

60  pulsations  per  minute — work  of  heart,  1900  mkg.  per  hour. 

70  pulsations — work  of  heart,  2100  mkg.  per  hour. 

All  these  figures  suffer  from  the  drawback  common  to  all  theoretic 
deductions,  and  this  point  is  brought  out  by  B.  Lewy  himself.  On  the 
other  hand,  we  may  conclude  from  these  data  how  greatly  that  capacity 
for  adaptation,  which  is  so  marked  in  the  healthy  heart,  is  reduced  in  the 
presence  of  valvular  disease.  It  is  true,  however,  that  this  reduction  takes 
place  only  in  the  presence  of  a  certain  degree  of  disease.  It  appears,  from 
the  mathematic  considerations,  that  the  altered  mechanic  conditions  begin 
to  gain  the  upper  hand  in  stenosis  only  when  two-thirds  of  the  orifice  is 
permanently  closed,  while  in  insufficiency  this  takes  place  as  soon  as  about 
a  fifth  of  the  orifice  remains  permanently  open. 

If  we  continue  the  consideration  of  the  purely  mechanic  conditions, 
we  may  be  allowed  to  ask  a  question.  The  healthy  heart  is  able  to  adapt 
itself  to  the  altered  condition  of  such  accidents,  as,  for  example,  mental 
excitement,  by  changing  the  frequency  of  its  beats  without  increasing  the 
actual  amount  of  work  done.  Is  it  of  no  consequence,  so  far  as  the  fatigue 
of  the  cardiac  machine  is  concerned,  as  to  whether  a  greatly  increased 
amount  of  work  is  required  in  a  short  time,  as  is  the  case  in  valvular 
disease,  or  whether  this  increased  labor  is  accompanied  by  changes  in  the 
heart-beat,  i.  c,  increases  in  its  frequency? 

A  question  of  still  greater  importance  is  whether  a  heart  with  affected 
valves  can  obtain  the  necessary  rest  and  the  necessary  blood-supply  which 
depends  upon  this  rest.  The  discussion  of  this  subject  has  been  given  in 
another  place  (Insufficiency  of  the  Heart,  p.  39).  Only  when  the  diastole 
is  long  enough  to  allow  the  amoimt  of  blood  corresponding  to  the  work 
of  the  heart  to  flow  into  this  organ  can  the  working  capacity  and  nutrition 
of  the  heart  be  maintained.  It  will  be  seen  that  these  relations  are 
exceedingly  simple. 

When,  for  example,  in  the  presence  of  an  insufficiency  of  the  aortic 
valves  reaching  a  certain  size,  a  saving  in  the  hourly  work  of  the  heart  is 
effected,  as  has  been  mathematically  showTi,  through  the  increase  of  the 
frequency  of  the  beats  from  70  to  120;  when  such  a  saving  amounts  to 
420  mkg.,  it  still  remains  doubtful  as  to  whether  this  has  done  the  heart 
any  good;  for  the  simple  reason  that  the  periods  of  rest  have  been  mater- 
ially shortened  in  this  change.  Which  is  more  useful:  more  work  and 
better  nutrition,  or  less  work  and  worse  nutrition? 
*  B.  Lewy,  loc.  cit.,  p.  361. 
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This  question  cannot  be  decided  in  a  way  applicable  to  all  cases;  for, 
first  of  all,  we  must  ask  whether  more  work  is  furnished  by  such  a  heart, 
and  if  so,  to  what  extent.  And  this,  again,  depends,  in  the  first  place, 
upon  the  size  and  the  structure  of  its  muscular  apparatus. 

We  thus  come  again  to  the  important  r61e  of  the  heart  muscle  itself. 
The  lessened  utilization  of  the  force  furnished  by  the  heart  muscle,  when 
valvular  disease  is  present,  can  only  be  brought  closer  to  the  normal 
working  capacity  by  the  generation  of  vital  force  by  the  heart  muscle 
itself.  This  is  possible  only  by  means  of  an  increase  in  the  fibers,  that  is, 
by  hypertrophy.  This  is  the  important  element.  To  what  extent  the 
enlargement  of  the  volume  of  the  beat,  which  implies  an  increase  in  the 
size  of  the  cardiac  cavity — a  dilatation  thereof — ^is  of  importance  for  the 
circulation  of  the  blood  is  quite  another  question.  Without  hypertrophy 
every  dilatation  would  be  injurious;  for  it  would  result  in  a  rapid  decrease 
in  the  working  capacity  of  the  heart. 

Considered  in  a  general  way,  the  processes  which  go  on  after  the  de- 
velopment of  a  valvular  lesion  in  the  heart  appear  in  the  following  manner: 
The  increased  tax  upon  working  capacity  of  the  heart  is  at  first  overcome 
by  drawing  upon  the  reserve  force  of  the  organ.  If  the  heart  has  been 
healthy  until  then,  a  great  deal  of  this  force  is  available,  so  that,  as  we  have 
said  before,  about  tlSrteen  times  the  amount  used  when  the  body  is  at 
rest  is  available.  The  observations  of  Cohnheim*  show  clearly  to  what 
extent  the  considerable  amount  of  resistance  which  is  developed  may  be 
overcome  within  a  short  time.  The  fact  that  the  heart  was  subject  to  a 
variety  of  other  injuries  during  his  experiments  shows  still  more  forcibly 
how  resistant  it  is. 

In  a  dog  which  was  injected  with  curare,  and  in  which  artificial  respiration  was 
maintained  y  a  large  window  was  opened  in  the  left  side  of  the  chest  hy  resection  of 
the  ribs.  After  the  pericardium  had  been  opened,  the  isolated  trunks  of  the  aorta  and 
the  pulmonary  artery  were  each  provided  with  a  strong  loop  of  thread  which  waa 
passed  into  a  Graefe's  loop-constrictor.  The  blood  pressure  was  measured  at  the 
femoral  artery  and  at  the  jugular  vein,  while  the  intracardial  pressure  was  recorded 
by  means  of  a  comp>aratively  large  glass  tube,  which  was  passed  into  the  left  or  the 
right  ventricle,  as  occasion  required.  Thus  it  will  be  seen  that  the  heart  was  abused 
considerably.  In  spite  of  this,  a  slow  and  gradual  constriction,  or  one  increased  at 
intervals,  by  means  of  which  the  pulmonary  artery  was  markedly  narrowed,  did  not 
change  the  blood  pressure  in  the  femcxtd  artery  or  in  the  jugular  vein.  It  was  onlv 
when  the  narrowing  progressed  still  further  that  the  arterial  pressure  suddenly  fell, 
while  the  manometer  in  the  vein  showed  a  rapid  rise.  If  the  constricting  loop  haa 
not  been  soon  loosened,  and  thus  the  passage  of  blood  through  the  pulmonary  artery 
again  allowed  to  go  on,  the  work  of  the  heart  would  have  stopped.  The  heart's 
action,  however,  returned  to  its  former  state  if  the  narrowing  of  the  constriction 
was  diminished  in  time. 

The  observation  of  the  intracardial  pressure  on  the  right  side  showed  that  when 
the  loop  was  only  sliehtly  tightened  about  the  pulmonary  artery,  the  pressure  rose 
at  once,  and  increased  with  the  increase  of  the  constriction. 

The  excursions  of  the  manometer  increased  at  each  systole.  When  the  aorta 
was  constricted,  the  same  series  of  events  took  place,  save  that  a  more  marked  con- 
striction was  necessary  to  increase  the  intracardial  pressure.  When  the  aortic 
narrowing  was  continued,  the  intracardial  pressure  was  both  absolutely  and  rela- 
tively much  greater  than  that  in  the  right  side  of  the  heart  in  pulmonary  stenosis. 

The  distances  between  the  sjrstolic  elevations  and  the  diastolic  depressions  be- 
came more  marked,  and  the  individual  contractions  required  a  longer  period  when 
they  had  exceeded  a  certain  limit,  so  that  the  total  number  of  contractions  per 
minute  was  diminished.  In  correspondence  with  this,  the  femoral  artery  showed 
infrequent  and  sluggish,  but  usually  high,  pulse. 

By  perforating  or  detaching  the  aortic  valves  by  means  of  a  probe,  introduced 

*  "  Vorlesungen  aber  allegemeine  Pathologic,"  vol.  i,  p.  46  ff  of  the  second  edition. 
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through  the  carotid, — an  operation  which  is  easily  performed, — one  can  obviously 
produce  insufficiency  of  this  valve.  Even  when  this  insufficiency  reached  a  consider- 
able degree,  the  height  of  the  arterial  average  pressure  remained  the  same  as  before 
the  operation,  and  the  pressure  in  the  veins  was  not  in  the  least  affected. 

Cohnheim  concludes  correctly  that:  "The  working  capacity  of  the 
healthy  heart  increases  in  proportion  to  the  demands  placed  upon  the 
organ,  and  this  increase  does  not  take  place  by  means  of  a  complicated 
mechanism,  but  any  increase  of  resistance  directly  excites  the  heart 
muscle  to  more  vigorous  and  more  effective  contractions." 

The  length  of  time  during  which  the  heart  muscle  is  able  to  furnish 
this  increased  amount  of  work  without  any  increase  in  its  fibers  depends 
upon  its  original  inherent  working  capacity;  upon  the  wear  which  it  has 
sustained  in  the  course  of  the  patient's  life,  and  upon  the  question  as  to 
whether  it  has  a  sufficient  blood-supply.  These  are  the  same  conditions 
as  those  which  control  the  development  of  hypertrophy  at  the  stage  when 
the  muscle-fibers  are  forced  to  this  as  the  result  of  permanently  increased 
work. 

It  is  true  that  such  rapid  changes  as  are  produced  in  the  experiments 
quoted  occur  but  exceptionally  in  the  disturbances  to  which  the  heart 
of  a  patient  may  be  subjected.  This  makes  it  more  probable  that  the 
heart  can  overcome  the  increased  amount  of  work  which  is  permanently 
placed  before  it  by  an  increase  of  its  working  capacity;  i.  6.,  by  an  increase 
of  its  muscle-fibers. 

The  dilatation  of  the  cardiac  cavities  may  be  of  great  importance  for 
the  regular  circulation  of  the  blood.  Such  a  dilatation  is  often  brought 
about  by  the  defective  structure,  or  the  lessened  power  of  resistance,  of 
the  muscular  wall  against  pressure,  and  therefore  the  dilatation  in  itself 
may  be  a  sign  of  weakness  of  the  heart  muscle.  Dilatations  which  arise 
quickly,  even  suddenly,  as  the  result  of  enormous  exertion,  and  are  followed 
inmiediately  by  heart  weakness,  prove  this  sufficiently  (p.  40).  They 
teach  that  fatigue  of  the  heart  which  is  produced  by  overexertion  of  this 
muscle  is  the  immediate  condition  of  dilatation. 

The  manner  in  which  dilatation  takes  place  is  as  follows:  After  systole 
the  heart  muscle  becomes  flabby  and  the  cavity  which  it  incloses  is  again 
filled  with  blood.  The  latter  flows  with  increased  pressure  into  the  ventri- 
cle from  the  large  venous  trunks  through  the  auricle.  In  the  last  third 
of  the  diastole  the  auricle  itself  contracts  and  adds  to  the  volume  in  the 
ventricle.  The  wall  of  the  ventricle  undergoes  a  dilatation,  the  extent  of 
which  depends,  on  the  one  hand,  upon  its  elastic  resistance,  and,  on  the 
other  hand,  upon  the  amount  of  pressure  exerted  upon  it.  The  elastic 
resistance  depends  upon  the  character  of  the  heart  muscle.  Fatigue 
renders  the  muscles  much  more  easily  stretched  than  normally. 

The  tired  heart,  therefore,  is  more  widely  dilated  by  the  blood  which 
streams  into  it  than  the  heart  which  is  not  fatigued.  The  increase  in 
the  size  of  the  cavity  which  is  thus  produced  allows  the  blood  to  flow  into 
it,  provided  a  sufficient  amoimt  of  blood  is  present,  until  an  equilibrium 
is  produced  between  the  force  which  controls  the  inflow  and  the  resistance 
offered  by  the  elasticity  of  the  cardiac  wall.  An  increased  amount  of 
blood  is  certainly  present,  and  the  systole  which  follows  is  obfiged  to  per- 
form more  work  in  order  to  propel  this  increased  amount.  If  the  necessary 
force  is  not  available  for  this,  then  the  pressure  in  the  aorta  can  no  longer 
be  maintained  at  its  former  level.  The  consequence  of  this  is  an  in- 
sufficient blood-supply  of  all  the  organs,  which  affects  the  heart  most 
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severely,  because  it  is  obliged  to  perform  continuously  an  increased 
amount  of  work,  which  is  indispensable  for  the  maintenance  of  the  circu- 
ation. 

The  principle  that  the  nutrition  of  the  heart  depends  directly  upon  its 
own  work  is  again  evident.  The  less  sufficient  the  heart's  action,  the  less 
sufficient  its  nutrition,  the  greater  its  tendency  to  fatigue  and  to  dilatation. 
It  is  possible,  therefore,  that  the  vicious  circle  may  be  completed,  that  is, 
that  once  a  dilatation  has  been  produced  through  fatigue  of  the  heart 
muscle  it  can  no  longer  be  overcome,  and  it  must  lead  in  the  end  to  a 
cessation  of  the  heart-beat. 

On  the  other  hand — and  this  is  by  far  the  most  frequent  event — the 
dilatation  is  compensated  in  the  following  manner:  A  diminution  in  the 
resistance  in  the  greater  circulation  may  be  induced  largely  through  the 
dilatation  of  the  arteries,  the  smooth  muscle-fibers  of  which  are  under  the 
control  of  the  vasomotor  centers.  This,  together  with  the  lessening  of  the 
physical  work  of  the  body  to  the  minimum  necessary  for  the  maintenance 
of  life,  diminishes  the  task  of  the  heart.  [On  mechanic  grounds  a  dilated 
ventricle  will  throw  out  more  blood  with  a  given  force  of  contraction  than 
a  smaller  ventricle. — Ed.]  This  organ  can  then  perform  its  work  without 
any  more  fatigue,' and  the  exhaustion  which  was  present  diminishes  under 
the  influence  of  a  now  sufficient  blood-supply  in  the  heart.  In  this  manner 
it  becomes  possible  again  to  increase  the  force  available  for  the  emptying 
of  the  cardiac  cavity.  And  with  this  the  elastic  resistance  of  the  more 
thoroughly,  nourished  and  no  longer  fatigued  heart-wall  may  increase. 
Thus  gradually  a  condition  is  brought  about  which  makes  possible  a 
circulation  that  approaches  more  or  less  to  the  normal. 

In  valvular  defects  which  develop  slowly  and  gradually  the  process 
goes  on  much  less  violently.  In  these  cases  the  deciding  factor  is,  whether 
the  increase  in  the  muscular  mass  of  the  heart  takes  place  commensurately 
with  the  increased  resistance  offered  by  the  valvular  lesions.  If  this  is  the 
case,  then  the  dilatation  produced  by  fatigue  cannot  develop,  because  the 
fundamental  cause — ^the  fatigue — is  lacking. 

Dilatations  of  the  cardiac  cavity  which  result  from  certain  valvular 
lesions  have  a  different  origin  from  that  just  described.  The  healthy 
heart  muscle  is  capable  of  adapting  itself  in  a  very  complete  way  to 
the  task  set  before  it.*  This  applies  both  to  its  distention,  and  to  its 
contraction:  Not  only  does  the  size  of  the  contraction  vary  in  extent, 
but  also  the  degree  of  the  elasticity,  so  that  it  is  possible  for  the  heart  to 
.  accommodate  an  excess  of  blood,  and  to  provide  sufficient  force  for  the 
expulsion  of  the  blood  which  has  thus  entered  the  chamber.  If,  now,  a 
valvular  disease,  as,  for  example,  an  insufficiency  of  the  aortic  valve, 
permanently  produces  an  increased  filling  of  the  left  chamber  with  blood, 
then  the  cavity  thereof  may  become  dilated  and  its  musculature  may 
increase  without  necessarily  producing  any  signs  of  fatigue,  with  their 
consequences.  Naturally,  an  upper  limit  exists,  beyond  which  the  heart 
cannot  **  compensate,"  but  this  limit  is  different  for  each  individual,  and 
is  determined  by  the  capacity  of  the  heart  muscle.  No  further  arguments 
are  necessary  to  show  that  a  heart  which  is  affected  with  valvular  lesions 
is  more  subject  to  dilatation  due  to  fatigue  than  is  a  normal  heart. 

The  hypertrophy  of  the  muscular  structure  of  the  heart  occurs,  as  in 

*  For  a  detailed  discussion  of  the  subject  and  the  literature  relating  to  it  see 
Ludolf  Krehl.  "Pathologische  Physiologie,^  Leipzig,  F.  C.  W.  Vogel,  1898,  p.  6  rt  «eg. 
(This  authority  will  hereafter  be  referred  to  as  A.) 
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the  other  muscles  of  the  body,  in  response  to  the  law  that  a  muscle  which 
works  more  than  the  others  correspondingly  increases  in  size.  The 
portion  of  the  heart  in  which  the  valvular  disease  requires  the  greatest 
amoimt  of  work  is,  therefore,  more  apt  to  be  involved  in  hypertrophy 
than  the  less  active  portions. 

In  a  mechanism  so  artfully  constructed  as  that  of  the  heart-pump 
disturbances  which  affect  one  portion  thereof  do  not  remain  limited  to  that 
portion.  It  is  the  object  of  pathology,  therefore,  to  gain  a  more  thorough 
insight  into  the  interrelations  of  these  processes.  We  shall  see,  in  dis- 
cussing the  individual  valvular  lesions,  to  what  extent  this  is  possible  in 
each  of  these  conditions. 

At  this  point,  however,  I  should  like  to  discuss  the  general  questions 
which  arise  in  this  connection: 

1.  Is  it  possible  that  in  valvular  defects  which  arise  in  a  heart  that  is 
capable  of  hypertrophy  the  muscular  increase  does  not  extend  beyond 
that  portion  which  is  forced  to  perform  an  increased  amount  of  work  as 
the  result  of  a  mechanic  disturbance? 

This  has  been  denied  theoretically.*  At  any  rate,  the  increased 
amount  of  blood  which  is  required  for  its  own  increased  amount  of  work 
by  the  hypertrophied  portion  of  the  heart  must,  in  the  long  run,  stream 
through  the  general  circulation  even  when  the  body  is  at  rest.  An  in- 
creased tax  upon  both  ventricles  is,  therefore,  unavoidable  in  these  con- 
ditions. For  example,  in  insufficiency  of  the  aorta,  which  scarcely  places 
any  increased  requirements  upon  the  right  side  of  the  heart,  a  slight 
hypertrophy  of  the  latter  is  always  found.  This  fact  is  always  cited  in 
support  of  the  view  just  mentioned. 

That  a  h)rpertrophy  of  the  entire  heart  is  not  always  clearly  apparent 
in  all  valvular  lesions  is  perfectly  easy  to  understand.  The  required 
increase  in  its  work  is  not  great,  and  grows  less  in  proportion  as  the  patient 
spares  his  heart.  The  hypertrophy  of  the  muscle  can,  therefore,  be  so 
slight  that  it  cannot  be  demonstrated.  At  all  events,  this  question  re- 
quires further  investigation. 

2.  Can  the  groups  of  cardiac  muscle-fibers  which  are  directly  employed 
for  the  closure  of  the  valves  be  alone  involved  to  a  greater  extent  in  the 
hypertrophy?  It  may  be  assumed,  with  a  fair  amount  of  probability, 
that  a  sufficient  closure  of  the  valve  cannot  take  place  without  the  assis- 
tance of  muscles;  the  muscle-fibers  which  are  specially  designed  to 
perform  this  work  have,  therefore,  a  special  task.  It  is  possible  that  in 
insufficiencies  which  arise  as  the  result  of  tissue  changes  in  the  valves 
themselves  compensation  is  favored  through  an  increased  activity  of  the 
muscular  fibers  immediately  concerned  in  the  closure?  If  this  takes 
place,  then  we  should  expect  to  find  a  greater  degree  of  hypertrophy  in 
these  constantly  taxed  muscles.  It  may  not  be  impossible  to  demon- 
strate this  anatomically,  but  the  methods  of  investigation  would  be 
very  difficult,  and  it  would  mean  a  great  deal  of  work  before  one  could 
reach  a  definite  conclusion.! 

The  assistance  of  the  muscles  in  the  closure  of  the  valves  is  of  such  great 
importance  clinically  that  it  must  be  considered  more  in  detail.    Of  course, 

*  B.  Lewy,  Ice.  cit.,  p.  363  et  seq. 

1f  Cf.:    L.  Krehl,  "Beitrage  zur  Kenntniss  der  Ftillung  und  Entleerung  des 
Herzens"  (Aus  dem   physiologischen  Institute  zu  Leipzig),  "Abhandlungen  der 
mathematisch-physikalischen  Classe  der  kOniglich  sSchsischen  Gesellschaft  der  Wis- 
senschaften, "  vol.  xvii  (1891),  S.  343  ff.     (Referred  to  hereafter  as  B.) 
21 
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the  conditions  obtaining  in  the  atrioventricular  valves  are  different  from 
those  in  the  semilunar  valves. 

In  the  case  of  the  bicuspid  and  tricuspid  valves,  as  has  been  known  for 
a  long  time,  the  papillary  muscles,  with  their  peculiariy  arranged  tendinous 
cords,  are  essentially  concerned.  Their  task  consists  in  tightening  the 
valvular  flaps  when  they  contract  coincidentally  with  the  systole  of  the 
ventricle.  If  no  papillary  muscles  were  present,  the  flaps  would  be  driven 
back  into  the  auricle  under  the  pressure  of  the  blood  during  systole,  and 
thus  a  closure  of  the  orifice  would  be  impossible.* 

But  another  factor  comes  into  play  in  the  closure  of  the  valve,  namely, 
the  specially  arranged  muscular  bundles  in  the  heart  which  directly 
diminish  the  size  of  the  base  of  the  heart  during  its  contraction,  and  thus 
lessen  the  apertures  of  the  ostia.  This  arrangement  is  said  to  have  a 
"considerable  part  in  the  closure"  (Tigerstedt).  Krehlf  believes  that 
when  the  intracardial  pressure  is  great,  the  mitral  is  only  able  to  close 
after  the  orifice  has  thus  been  narrowed. 

The  following  conditions  obtain  for  thie  valves  of  the  large  arteries: 
'*The  aortic  orifice  during  systole  represents  a  slit,  and  the  artery  is  nar- 
rowed even  below  this  orifice.  The  slit-like  shape  of  the  opening  itself 
is  produced  by  the  formation  of  the  well-known  muscular  swellings, 
which  form  the  bottom  of  the  pocket-like  valves.  The  slit  becomes 
narrower  as  the  systole  increases.  The  valves  themselves  are  attached 
to  the  edges  of  these  muscular  swellings.  When  the  flaps  are  in  place, 
they  lie  almost  perfectly  in  the  direction  of  the  blood-stream — in  other 
words,  at  right  angles  to  the  plane  of  the  orifice,  and  not,  as  is  usually 
described,  in  that  plane,  with  a  slight  bending  of  their  margins.  Through 
the  fact  that  the  blood  is  pressed  into  the  narrow  muscular  slit  and  then 
passes  into  the  dilated  space  above  the  valves,  eddies  must  arise  which 
tend  to  approximate  the  valvular  flaps  constantly  to  one  another,  al- 
though these  structures  cannot  come  close  to  one  another  because  the 
blood  which  passes  through  them,  and  is  under  high  pressure,  forces  them 
apart.  When  the  blood-stream  ceases  to  flow,  the  valves,  as  though 
impelled  by  a  spring,  snap  together,  and  the  closure  of  the  orifice  takes 
place  quickly  and  without  regurgitation.  This  is  confirmed  by  meas- 
uring the  pressure  in  the  ventricle,  when  it  will  be  seen  that  not  a  trace 
of  backward  flow  takes  place. 

''The  closure  of  these  valves  is  then  kept  up  by  the  difference  in  pres- 
sure between  the  ventricle  and  the  aorta,  and  this  difference  suffices,  once 
the  valves  have  closed,  obviously  even  when  the  muscles  of  the  ventricle 
become  flabby  and  its  muscular  support  is  absent.  An  exact  coimterpart 
of  this  arrangement  exists  in  the  puhnonary  artery"  (Krehl). 

Through  the  results  of  these  newer  investigations,  we  gain  in  some 
respects  a  deeper  insight  into  pathologic  conditions.  First,  we  shall 
speak  of  ''relative  insufficiency,"  and  in  this  connection  the  tricuspid 
valve  is  of  special  interest.  We  speak  of  relative  insufficiency  "when, 
as  the  result  of  a  considerable  dilatation  of  the  right  side  of  the  heart, 
the  ring  of  insertion  of  the  still  unchanged  venous  valve  is  so  markedly 
dilated  that  this  valve  no  longer  is  able  to  close  the  orifice."    This  defi- 

*  Concerning  the  widely  divei^nt  explanations  of  the  details  of  this  process, 
see  the  critical  presentation  by  Tig:er8tedt,  in  his  "Lehrbuch  der  Physiologie  dee 
Kreislaufes,"  Leipzig,  Veit  &  Ck>.,  1893,  S.  39  ff. 

t  Loc.  cit,,  B,  p.  360. 
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nition  is  given  by  Friedreich.*  It  will  be  seen  that  this  definition  includes 
two  things — the  fact  itself  and  its  interpretation.  Objections  have  been 
advanced  against  the  fact  itself  very  vigorously  by  Bamberger  ;t  SkodaJ 
did  not  explain  his  dictum:  Relative  insufficiency  is  improbable.  At 
present,  however,  there  is  no  longer  any  doubt. 

In  case  XIV  (p.  240)  I  have  given  the  results  of  my  own  observation 
on  this  subject.  Tricuspid  insufficiency  is  shown  by  the  tracing  of  the 
hepatic  venous  pulse  (Fig.  72),  and  the  fact  that  the  insufficiency  was 
relative  here,  appeared  from  the  autopsy,  which  showed  no  changes  in 
this  valve. 

In  connection  with  the  interpretation  of  Friedreich's  relative  insuffi- 
ciency KiirschnerJ  remarks  as  follows:  "I  have  dilated  the  venous 
orifice  in  both  ventricles  in  such  a  manner  as  is  never  seen  in  the  living 
heart,  and  the  valve  was  still  sufficient  to  cover  a  much  larger  opening." 
Bamberger  refers  to  this  observation  and  remarks  further  that  the  valves 
always  take  part  in  the  dilatation  of  the  orifice  and  of  the  chamber  by 
becoming  thinner  and  by  stretching.  This  is  not  absolutely  admitted 
by  Freidreich:  "The  statement  that  the  valves  always  take  part  in  the 
dilatation  of  the  right  venous  orifice  by  stretching  and  becoming  thinner 
and  thus  covering  a  larger  surface  is  not  by  any  means  always  applicable, 
and  I  have  repeatedly  seen  cases  in  which  the  valves  had  not  become 
correspondingly  larger  and  even  had  become  somewhat  shortened  in  their 
vertical  measurement,  and  evidently  were  not  in  any  way  able  to  close 
the  dilated  orifice  completely.  In  these  cases  the  dilatation  of  the  orifice 
was  marked  and  the  opening  admitted  easily  five  fingers."  In  his  later 
treatise  Friedreich  ||  points  out  that  we  can  at  once  determine  whether 
or  not  an  insufficiency  of  the  valve  exists  by  employing  the  trigonometric 
formula  D  =-^.  It  is  only  necessary  to  measure,  in  the  heart  of  the 
cadaver,  the  length  of  the  opened  venous  orifice  ( =  p)  and  the  height 
of  the  valvular  flaps,  in  order  to  obtain  the  figures  necessary  for  a  com- 
parison. This  procedure,  which  is  frequently  employed,  is,  however, 
applicable  only  when  rather  gross  changes  have  taken  place. 

Another  factor  must  be  taken  into  consideration  in  addition  to  the 
dilatation  of  the  entire  right  heart  which  takes  place  under  these  con- 
ditions, simply  as  the  result  of  the  insufficient  nutrition  or  of  actual 
changes  in  its  tissue.  It  is  certainly  not  probable  that  the  muscles  which 
are  immediately  concerned  in  the  closure  of  the  valves  should  be  excluded 
from  changes  which  affect  the  entire  heart. 

The  papillary  muscles  were  accused  at  first:  It  was  said  that  they 
did  not  set  the  flaps  of  the  valve  in  position  in  time,  and  thus  interfered 
with  their  perfect  closure.  The  same  charge  may  now  be  brought  against 
the  muscles  that  narrow  the  orifice.  We  must  remember  that  the  time 
allowed  for  the  closure  of  the  valves  is  so  short  that  a  very  efficient  appa- 

♦  "Krankheiten  des  Herzens,"  "Virchow's  Handbuch  der  speciellen  Pathologic 
und  Therapie,"  vol.  v,  p.  382,  Erlangen,  Enke,  1861. 

t  "Lehrbuch  der  Krankheiten  des  Herzens,"  Wien,  Braumiiller,  1857,  p.  254- 
255. 

}  ''Abhandlungtlber  Percussion  und  Auscultation, "  sixth  edition,  Vienna,  Seidel, 
1864,  p.  324. 

§  Wagner's  "Handwftrterbuch  der  Physiologic,"  vol.  vi,  Braunschweig,  Vieweg, 
1864,  p.  61 ;  see  also  p.  49.  Here  occurs  the  frequently  quoted  statement  that "  each 
individual  flap  of  the  valve  is  nearly  as  large  as  the  venous  orifice"  (bull's  heart). 

H"Ueber  den  Venuspuls,"  "Deutsches  Archiv  L  klin.  Medicin,"  vol.  i,  p.  251 
(1866). 
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ratus  is  necessary  to  perform  the  act  without  loss  of  time.  Instead  of 
speaking  of  relative  insuflSciency,  it  would  be  much  better  to  speak  of 
"muscular"  insufficiency.  We  need  not  have  any  scruples  in  appl3dng 
to  the  work  of  the  heart  the  observations  which  have  been  made  upon 
the  work  of  the  fatigued  body  muscles.  The  latter  suffer  the  same  loss 
of  functional  capacity  through  insufficient  nutrition  and  insufficient 
blood-supply  as  the  heart  dilated  by  the  stretching  of  its  fibers. 

If  we  watch  the  changes  which  take  place  in  the  contraction  of  the 
gradually  exhausted  muscle,* — the  constantly  decreasing  height  of  the 
curve,  the  tendency  to  retardation  and  prolongation  of  the  stage  of  con- 
traction, and 'the  slower  and  slower  fall, — we  gain  a  useful  conception 
of  the  fact  that  such  a  muscle  can  never  fulfil  the  task  which  is  set  before 
it  when  it  is  obliged  to  close  a  valve  within  a  fraction  of  a  second. 

There  is  a  good  reason  why  relative  insuflSciency  was  first  noticed  in 
the  tricuspid  valves.  The  positive  wave,  synchronous  with  the  systole, 
which  passes  through  the  veins  in  such  cases  leaves  no  doubt  that  there 
is  a  true  insuflSciency  of  the  valve.  On  the  other  hand,  in  insuflSciency 
of  the  mitral  valve,  no  such  definite  signs  can  be  observed.  The  marked 
development  of  the  muscular  structures  of  the  left  ventricle  makes  it 
doubtful  whether  such  a  marked  dilatation  and  stretching,  of  the  insertion 
ring  can  take  place  there,  as  on  the  right  side.  On  the  other  hand,  it 
was  necessary  to  explain  the  mechanism  of  systolic  murmurs,  the  origin 
of  which  had  to  be  placed  in  the  mitral.  Therefore,  it  became  necessary  « 
to  bring  into  the  foreground  the  behavior  of  the  muscles  which  were 
kno\m  to  play  a  r61e  in  the  closure  of  the  valves.  These  were  the  papillary 
muscles,  and  it  was  said  that  they  became  unable  to  set  the  valvular  flaps 
at  the  proper  angle. 

This  view  is  stated  clearly  by  Skoda. f  "Temporary  insuflSciency  may  result  in 
the  venous  valves  as  the  consequence  of  a  paralysis  of  individual  papillary  muscles.  ** 
We  have  already  mentioned  the  fact  that  this  author  rejected  the  idea  of  a  relative 
insufficiency.  Bamberger  shares  this  view}  and  devotes  the  following  remarks  to 
this  subject :  "  In  general  it  is  impossible  to  say  at  present  whether  functional  diseases 
of  the  muscles  (papillary  muscles)  which  fix  the  atrioventricular  valves, — paral^ic 
and  paretic  states, — are  able  to  interfere  with  the  closure  of  the  valves,  but  this  is 
certainly  not  improbable. " 

As  regards  the  mitral  valve  in  particular:  "In  rare  cases  the  valve  may  have 
been  insufficient  during  life  without  showing  any  changes  in  the  cadaver  (such  as, 
for  instance,  changes  in  the  papillary  muscles). '' 

Von  Dusch§  expresses  a  similar  view  and  thinks  it  possible  "  that  spastic  or  paral- 
ytic conditions  in  the  papillary  muscles  interfere  with  the  correct  position  of  the 
valve  at  the  moment  of  ventricular  systole. "  C.  Gerhardt||  places  the  responsibility 
for  the  frequent  systolic  murmurs  occurring  in  the  mitral  partly  upon  the  slight  tissue 
changes  which  so  often  are  present  in  this  valve.  Yet  he  expresses  the  positive 
opinion  that  a  temporary  insufficiency  may  occur  in  this  valve  as  a  result  of  a  tran- 
sient disturbance  in  the  function  of  the  heart  muscle,  and  especially  in  the  papil- 
lary muscle.  This  is  especially  frequent  in  chlorotic  individuals,  and  may  be  accom- 
panied with  marked  signs  of  neart  failure;  edemas  and  catarrhs  of  various  mucous 
membranes. 

Liebermeister**  strongly  pleads  in  favor  of  relative  insufficiency  of  the  mitral. 
"An  insufficiency  of  the  mitral  valve  may  also  arise  as  a  result  of  the  imperfect 
action  of  the  musculature  of  the  left  ventricle.     If  the  mitral  valve,  which  consists 

*  See  the  beautiful  curves  of  Rollett  in  Tigerstedt,  "Lehrbuch  der  Physiologic," 
vol.  ii,  p.  38. 

t  Loc.  cit.,  p.  210.  t  LoC'  cit'f  A,  p.  183,  and  B.  p.  237. 

§  "Lehrbucn  der  Herzkrankheiten,"  Leipzig,  Engelmann,  1868,  p.  203. 

I  "lehrbuch  der  Auscultation  und  Percussion."  Fifth  Ed.,  Tubingen,  Laupp, 
1890,  p.  217. 

♦*  "Vorlesungen,"  loc.  cit.y  vol.  iv,  p.  354. 
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of  a  larger  anterior  and  a  smaller  posterior  flap,  with  two  unimportant  accessory 
intermediate  flaps,. be  compared  with  the  orifice  which  it  is  intended  to  dose,  it  may 
be  easily  seen  that,  for  the  complete  closure  of  this  orifice,  there  are  necessary  both  a 
vigorous  contraction  of  the  ventricle  and  a  proper  leneth  of  the  tendinous  cords 
and  of  the  papillary  muscles,  inasmuch  as  the  position  of  the  valvular  flaps  is  deter- 
mined by  these  structures.  When  the  ventricle  or  the  papillary  muscles  do  not  con- 
tract in  the  correct  manner,  the  closure  is  necessarily  imperfect  and  a  so-called 
muscular  insufliciency  of  the  mitral  valve  may  develop. " 

The  functional  insufficiency  of  the  mitral  valve  is  fully  recognized  in  the  work 
of  Pierre  Merklen.*  The  causes  of  this  condition  include  the  dilatation  of  the  left 
ventricle,  which  involves  the  valvular  rin^,  but  this  dilatation  alone  does  not  suffice, 
and  there  must  be  also  changes  in  the  papillary  muscles  and  in  the  tendinous  cords. 

Another  cause  which  may  possibly  come  mto  play  is  the  imperfect  action  of  the 
papillary  muscles  and  of  the  muscular  rings  which  contract  the  orifices  dtiring  systole. 
A  cramp  of  the  papillary  muscles  may  also  take  place. 

"La  tendance  actuelle  est  de  rattacher  Tinsuffisance  fonctionelle  k  un  spasme 
des  muscles  papillaires,  comme  Tavait  propose  Bamberger,  d'ou  resultent  leur 
raccourtissement  et  Timpossibilit^  pour  les  aeux  valves  de  la  mitrale  de  se  relever 
horizontalement,  au  moment  de  la  systole. 

''Gette  insuffisance  mitrale  spasmodique,  ne  s'observe  par  seulement  dans  les 
n^vroses  et  sous  I'influences  des  Amotions.     .     . 

*'  Cette  th6orie  a  ^t^  r^cemment  d^velopp^e  par  Cuffer  et  son  41^ve  Roger. " 

The  occurrence  of  relative  insufficiency  of  the  mitral  valve  is,  there- 
fore, fully  admitted  at  present,  and  a  good  reason  for  this,  which  is  also 
frequently  mentioned  nowadays,  is  the  fact  that  the  phenomena  which 
we  are  accustomed  to  regard  as  positive  proofs  of  an  insufficiency  may 
disappear  entirely  when  the  entire  body,  and  with  it  the  heart,  is  brought 
under  better  conditions  of  nutrition.  [The  subject  has  been  particularly 
well  described  from  the  clinical  standpoint  by  Morton  Prince.  See  es- 
pecially his  article  *' Physiological  Dilatation  and  the  Mitral  Sphincter, 
etc.,"  "American  Journal  of  the  Medical  Sciences,"  February,  1901. — 
Ed.] 

In  what  manner  does  the  musculature  assist  in  the  closure  of  the  semi- 
lunar valves?  This  question  naturally  arises  if  it  be  true  that  a  perfect 
closure  of  these  valves  is  impossible  without  the  assistance  of  muscles. 
But  when  we  attempt  to  answer  this  query,  we  meet  with  several  diffi- 
culties, inasmuch  as  there  are  several  things  which  cannot  be  brought 
into  agreement  with  that  which  has  been  formerly  regarded  as  correct. 

The  semilimar  valves  close  during  the  diastole  of  the  ventricle,  and 
remain  open  during  the  systole.  The  older  view  contends  that  their 
closure  is  effected  by  the  pressure  of  the  blood  within  the  first  portions 
of  the  great  vessels  in  front  of  the  valvular  pockets  after  the  termination 
of  the  systole,  and  which  is  there  under  high  pressure  communicated  to 
it  as  the  result  of  the  ventricular  systole.  The  pressure  behind  the  semi- 
lunar valves  in  the  ventricle  is  now  at  zero,  or  is  even  negative;  the  blood, 
therefore,  rushes  in  this  direction  under  pressure,  and  thus  unfolds  the 
valves,  the  free  openings  of  which  lie  in  the  direction  of  the  movement 
of  the  blood.  This  interpretation  seemed  so  plausible  that  scarcely  any 
doubts  were  uttered  against  it.  It  was  only  Ludwig  who  apparently 
was  not  satisfied  with  it,  for  he  remarks:  "The  contraction  of  the  ventri- 
cle does  not  narrow  the  arterial  orifices,  so  far  as  observation  shows. 
We  are  not  quite  certain,  as  yet,  how  this  takes  place,  "f  The  further 
development  of  this  question  is  due  to  Ludwig.    The  entire  modem 

♦  "Maladies  du  coeur,"  vol.  vi  of  "Traits  de  M6decine,"  edited  by  Brouardel  and 
Gilbert,  Paris,  Bailli^re  et  fils,  1899,  pp.  190, 191. 

t  "Lehrbuchder  Physiologic  des  Menschen,"  vol.  ii,  second  edition,  1861,  p.  82. 
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Leipzig  school  stands  upon  his  shoulders,  as  regards  both  physiologic  and 
pathologic  questions. 

The  new  theory  penetrates  more  deeply  and  in  every  direction  into 
clinical  medicine  and  also  into  diagnosis — the  main  pillar  of  medical  ac- 
tivity. I  shall  limit  myself  here  only  to  the  discussion  of  those  points 
which  concern  the  subject  under  consideration.  In  the  first  place,  why 
is  it  that  we  do  not  hear  a  systolic  murmur  over  the  aorta — limiting  the 
matter  thus  for  the  sake  of  simplicity — under  normal  conditions?  As 
a  matter  of  fact,  the  conditions  for  the  development  of  such  a  murmur 
seem  to  be  present.  When  a  slit — a  narrow  slit — ^is  formed  at  the  cardiac 
orifice  of  the  aorta  during  systole,  the  blood  under  the  influence  of  this 
systolic  contraction  is  driven  under  high  pressure  into  the  large  space 
beyond  the  valves,  thus  giving  an  opportunity  for  the  formation  of  eddies 
such  as  are  responsible  for  the  production  of  murmurs.  Krehl  (see  above, 
pp.  322  and  323)  speaks  of  such  eddies,  and  thinks  they  favor  the  closure 
of  the  valve. 

The  further  questions  which  must  be  asked  in  this  connection  are 
intimately  related  to  that  just  discussed :  Why  is  it  that  a  systolic  murmur 
develops  when  the  beginning  of  the  first  portion  of  the  aorta  is  dilated? 
Why  does  the  left  ventricle  become  hypertrophied  in  aortic  stenosis, 
when  normally  its  function  is  to  press  the  blood  through  a  much  narrower 
slit  which  is  formed  during  the  contraction  of  the  muscle?  Finally,  it 
may  be  asked  does  not  the  propulsion  of  the  blood  through  such  a  narrow 
slit  necessitate  the  expenditure  of  a  disproportionately  large  amount  of 
the  energy  of  the  heart? 

I  have  tried  to  find  an  answer  to  these  questions,  but  I  have  not  suc- 
ceeded, and  so  I  refrain  from  offering  unripe  and  undeveloped  ideas 
which  cannot  satisfy  any  one,  least  of  all  myself.  On  closer  consideration 
it  seems  to  me  that  the  very  compUcated  conditions  which  obtain  in  the 
heart  might  be  cleared  up,  at  least  partially,  by  experiments.  These 
possibly  can  give  us  new  ideas,  but  at  present  it  seems  advisable  not  to 
venture  too  far.  In  any  event,  we  may  say  this  much:  If  a  complete 
closure  of  the  semilunar  valve  is  only  possible  with  a  sufficient  amount 
of  systolic  muscular  work,  then  we  may  assume  that  an  insuflScient  closure 
of  the  aorta  may  be  due  to  an  insufficiency  of  the  corresponding  muscles. 

The  phenomena  which  occur  under  these  conditions  at  the  origin  of 
the  aorta  are  still  wholly  unknown.  One  point  is  of  importance:  when 
such  a  degree  of  stenosis  as  has  been  assumed  takes  place  normally  as  the 
result  of  the  contraction  of  the  muscles  which  close  the  valve,  what  vnW 
be  the  result  when  this  stenosis  occurs  more  slowly  and  is  less  complete? 


COURSE  AND  DIAGNOSIS  OF  VALVULAR  DISEASE  IN 

GENERAL* 

General  disturbances  are  absent  so  long  as  the  equilibrium  remains 
undisturbed  and  the  heart  adapts  itself  to  the  altered  conditions;  in 
other  words,  so  long  as  compensation — this  is  the  usual  term — is  main- 
tained. 

It  has  been  remarked  above  that  a  perfect  compensation  is  never 
possible.  That  there  is  always  a  certain  loss  in  the  cardiac  function  as 
the  result  of  valvular  disease.  This  alone  results  in  a  more  rapid  fatigue 
of  the  heart  muscle;   for  the  work  which  is  furnished  by  the  organ  is 
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diminished  by  the  amount  necessary  for  the  propulsion  of  the  blood, 
and  this  discount  increases  in  a  certain  ratio  to  the  amount  of  work  re- 
quired of  the  heart.  The  smaller  this  amount,  the  more  the  patient 
with  a  valvular  defect  can  take  care  of  himself,  the  longer  will  cardiac 
exhaustion  be  postponed.  Yet  the  heart  suffers  such  alterations  as  a^e 
brings  more  rapidly  than  under  the  same  conditions  of  life  in  normal 
individuals.  Possibly  this  is  due  to  the  fact  that  the  vessels  in  the  part 
of  the  circulation  which  is  taxed  more  than  any  other  for  the  purposes 
of  compensation  are  more  easily  and  rapidly  affected  by  anatomic  changes. 
Hypertrophy  of  the  affected  part  causes  increased  pressure  upon  the 
walls  of  the  vessels.  This  is  shown  most  distinctly  in  insufficiency  of 
the  aortic  valves,  but  by  far  of  the  greatest  importance  are  the  inflanuna- 
tory  changes  in  the  vessels  and  the  heart  muscle  which  are  so  often  found 
in  valvular  disease  according  to  the  beautiful  investigations  of  Krehl 
and  Romberg,*  and  which  extend  gradually  in  the  course  of  time. 

As  a  matter  of  fact,  the  destructive  processes,  once  begun  in  the  tissues, 
do  not  always  cease  immediately.  This  involves  the  supposition  that, 
so  long  as  such  processes  go  on,  some  factor  of  inflammation  must  be 
present.  What  the  nature  of  this  may  be  cannot  as  yet  be  stated,  nor 
can  we  say  in  what  special  relation  the  degenerative  processes  stand 
here  toward  the  inflanmiatory  processes.  Such  questions  must  be  con- 
sidered in  detail  in  the  discussion  of  myocarditis,  but  here  it  will  suffice 
to  point  out  that  the  compensation  which  has  been  fortunately  attained 
in  a  valvular  disease  may  be  threatened  from  more  than  one  direction, 
even  though  no  undoubted  fresh  infection  involving  the  entire  body  may 
supervene. 

What  phenomena  are  observed  when  compensation  becomes  dis- 
turbed— in  other  words,  when  ''decompensation''  develops?  The  an- 
swer to  this  is  simple:  cardiac  weakness,  with  all  its  consequences. 

These  brief  remarks  will  suffice  in  order  to  give  a  general  review  of 
the  subject,  and  further  details  must  be  sought  in  the  other  portions 
of  this  work  dealing  specially  with  these  subjects. 

The  diagnosis  of  a  valvular  lesion  varies  according  to  the  degree  of 
development  and  the  degree  of  compensation  of  the  lesion  in  question. 
The  signs  which  point  to  a  deficiency  of  the  cardiac  function  may  some- 
times be  very  obscure,  while  in  other  cases  they  may  be  very  prominent. 
These  signs  cannot  be  employed  directly  for  the  recognition  of  a  valvular 
defect. 

The  physical  examination,  in  my  opinion,  is  best  conducted  in  the 
following  order: 

1.  Inspection. — In  this  we  must  see: 

(a)  Whether  changes  have  occurred  in  the  distribution  of  the  blood 
over  the  surface  of  the  body — engorged  veins;  cyanosis — and  to  what 
extent. 

(b)  Pulsation  in  places  where  it  is  normal  or  in  abnormal  localities. 
Do  the  former  appear  more  or  less  marked  than  normally? 

(c)  What  is  the  character  and  intensity  of  the  respiratory  movements? 
A  trained  eye  sees  many  things  which  are  less  easily  noted  by  other 
methods  of  examination.  In  all  cases  it  is  advantageous  to  employ  more 
than  one  sense  for  the  determination  of  the  conditions  present. 

♦See  the  recapitulation  in  Krehl's  "Pathologische  Physiologie";  also  the 
original  work  in  "Beitrag  zur  Pathologie  der  Herzklappenfehler, "  "Deutsches 
Archiv  fOr  klinische  Medicin,"  vol.  xlvi  (1890),  p.  454. 
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2.  Palpation. — Palpation  may  be  used  for  almost  the  same  purpose 
as  inspection.  He  who  can  feel  the  pulse  correctly  will  usually  make  a 
more  rapid  diagnosis.  This  art  has  for  a  long  time  been  underestimated, 
as  compared  with  percussion  and  auscultation,  and  we  are  still  very  far 
from  attaining  the  skill  of  the  old  physicians  in  feeling  the  pulse.  I 
endeavor  to  teach  my  pupils  what  I  myself  have  learned  in  this  respect 
because  I  realize  the  great  importance  of  this  subject  in  practice.  This 
is  why  I  speak  of  it  here  with  such  emphasis.  Many  things  that  escape 
the  eye,  for  example,  a  thrill,  are  revealed  to  the  palpating  finger.  An- 
other fact  which  must  be  remembered  is  that  this  method  of  examination 
when  practised  with  expert,  skill  is  by  far  the  most  easily  borne  by  the 
patient. 

3.  Percussion. — ^The  findings  on  percussion  are  naturally  of  great 
importance  because  they  show  whether  the  heart  has  become  dilated, 
and  if  so,  in  what  direction.  I  have  described  the  method  which  I  pursue 
for  this  purpose  in  another  place  (see  Insufficiency  of  the  Heart,  p.  59). 
The  level  of  the  diaphragm  should  be  determined  on  both  sides  in  all  cases. 

4.  Auscultation. — A  number  of  points  have  already  been  mentioned. 
I  may  say,  in  addition,  that  the  best  results  are  obtained  when  the  ex- 
aminer places  the  stethoscope  a  little  outside  of  the  apex,  and  gradually 
moves  it  horizontally  toward  the  left  border  of  the  sternum,  and  thence 
in  a  vertical  direction,  changing  its  position  each  time  to  the  extent  of 
the  diameter  of  the  bell  of  the  instrument.  In  this  manner  one  can  tell 
distinctly,  by  the  change  in  the  accentuation  of  the  sounds,  when  one 
passes  from  the  region  of  the  mitral  into  that  of  the  pulmonary  artery.  I 
am  accustomed,  next,  to  examine  the  sounds  over  the  aorta,  but  I  never 
neglect  to  listen  to  the  ascending  aorta  (at  the  sternoclavicular  articula- 
tion) in  addition  to  auscultating  over  its  place  of  election  (inner  border 
of  the  second  intercostal  space  and  the  third  rib  on  the  right  side). 

The  next  step  is  the  investigation  of  the  sounds  over  the  aortic  arch, 
the  subclavian,  and  the  carotid.  When  necessary,  the  auscultation  of 
the  pjeripheral  arteries  follows.  In  order  to  determine  the  intensity  of 
the  diastolic  tones  over  the  pulmonary  and  over  the  aorta  one  should  not 
listen  to  more  than  a  few  heart-beats  in  the  proper  places.  I  think  that 
in  this  way  it  is  easier  to  arrive  at  a  decision  than  if  we  listen  to  a  longer 
series  of  heart-beats.  Possibly  the  reason  of  this  is  that  we  get  tired 
more  easily  when  we  listen  intently,  at  the  same  time  taking  into  account 
the  quality  of  the  sounds.  Therefore  we  should  consider  separately  the 
question  as  to  whether  the  tones  are  pure,  and  then  should  compare  their 
intensity. 

The  auscultation  of  the  tricuspid  valves  is  the  last  step.  It  is  not  of 
any  great  importance  in  what  order  one  auscultates,  but  one  should 
become  accustomed  to  employ  a  certain  order  and  adhere  to  it.  In  this 
way,  I  believe,  one  can  train  one's  ear  much  better. 

He  who  trusts  the  statements  of  text-books  will  not  think  that  the 
recognition  of  a  given  valvular  defect  is  difficult;  for  so  many  and  such 
definite  signs  are  given  and  the  recognition  of  these  signs  is  so  simple 
that  even  one  who  is  but  little  skilled  can  scarcely  miss  the  correct  diag- 
nosis. Such  is  the  opinion  of  the  young  physician;  but  he  who  has 
grown  old  at  the  bedside  and  who  has  learned  what  the  autopsy  table 
teaches  thinks  otherwise.  He  knows  how  deceptive  is  the  interpretation 
of  these  phenomena  which  are  by  no  means  so  easily  recognized.  Often 
enough  the  older  man  contents  himself  with  a'^non  liquet^'  when  absolute 
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certainty  seems  warranted,  while  the  autopsy  brings  disappointment  to 
the  overconfident. 

Oscar  Fraentzel,*  one  of  the  cleverest  diagnosticians  trained  in  Trau- 
be's  school,  has  expressed  this  with  praiseworthy  frankness,  and  I  agree 
with  him  perfectly. 

Why  is  this  so?  The  diagnosis  of  these  cases  was  formerly  based  upon 
observations  of  fully  developed,  **pure"  cases.  The  observations  made 
in  these  cases,  it  was  believed,  were  referable  to  changes  in  the  mechanic 
conditions  under  which  the  heart  had  to  work  with  its  injured  valvular 
apparatus.  Mechanic  causes  give  rise  to  mechanic  effects,  and  no  third 
factor  could  be  admitted.  Therefore  the  interpretation  was  invariably 
the  same.  Not  infrequently  the  mechanic  effects  that  were  thought 
inevitable  were  actually  referred  to  mechanic  causes  which  were  assumed 
to  exist. 

Where  does  the  fallacy  of  such  a  calculation  lie?  This  mode  of  think- 
ing took  into  consideration  the  permanent  tissue  changes  only,  i.  e.,  the 
gross  anatomic  lesions.  Sufficient  appreciation  was  not  given  to  the 
fact  that  a  variable  force  which  is  altered  within  a  short  time — the 
action  of  the  heart  muscle  itself — takes  part  in  the  function  of  the  valves. 
It  is  not  astonishing  that  such  was  the  view  taken,  for  this  mechanism 
was  known  far  too  imperfectly  at  that  time. 

Liebermeisterf  expresses  the  older  view  very  clearly  in  the  following 
passage:  '*In  discussing  the  phenomena  and  results  of  valvular  lesions, 
we  can  employ  a  mode  of  reasoning  which  is,  so  to  speak,  the  reverse  of 
that  usually  employed  in  other  pathologic  fields;  namely,  the  deductive 
method,  which  considers  all  the  individual  facts  as  consequences  of  certain 
given  hypotheses.  With  the  aid  of  a  few  general  principles  we  are  actually 
in  a  position  to  deduct  purely  theoretically,  in  a  manner  quite  impossible 
in  other  sections  of  pathology,  both  the  principal  consequiences  as  well 
as  the  subordinate  phenomena,  simply  from  a  knowledge  of  a  given  con- 
dition in  the  valves.  Although  a  number  of  difficulties  are  still  to  be 
overcome,  and  although  not  every  author  has  always  been  fortunate  in 
his  deductions,  these  things  are  explained  by  the  extremely  complicated 
character  of  the  subject.  It  may  be  said,  however,  that  the  conclusions 
obtained  by  the  deductive  method  correspond  very  closely  in  all  essential 
points  to  the  result  obtained  by  direct  observation.  .  .  In  addition 
to  the  physical  condition,  we  must  also  consider  biologic  conditions  in 
the  discussion  of  the  results  of  valvular  lesions.  These  biologic  postu- 
lates cannot  be  deduced  through  mathematic  processes,  but  must  be  ob- 
tained by  actual  experience.  Yet  the  most  important  features  of  these 
biologic  conditions  may  be  reduced  to  a  few  principles,  and  these  may 
be  simply  included  in  the  premises  from  wbich  the  deductions  are  made. 
.  .  .  The  most  important  biologic  principles  relate  to  the  behavior 
of  the  individual  sections  of  the  heart  in  the  various  valvular  lesions,  and 
especially  to  the  hypertrophy  and  dilatation  of  the  organs." 

In  my  opinion  the  following  explanation  is  justified  by  both  the  old 
and  the  new  knowledge  on  this  subject:  Completely  developed  and  per- 
fectly compensated  valvular  lesions  produce  signs  which  are,  for  the  most 
part,  referable  to  the  existing  mechanic  conditions,  or  else  are  deducible 
from  these  conditions.  Their  biologic  sequels  are  immutably  defined, 
so  far  as  this  may  be  recognized  from  without,  and  thus  a  knowledge  of 

*  "  Vorlesungen  (iber  die  Krankheiten  des  Herzens,"  vol.  ii,  pp.  78,  79. 
t  "Lectures,"  vol.  iv,  pp.  354,  355. 
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these  sequels  facilitates  and  supports  our  understanding  of  what  has 
happened. 

In  such  t3^ical  cases  we  can  apply  t)rpical  rules,  but  these  rules  do 
not  apply  when  the  following  conditions  obtain  (compare  cases  I  and  VI 
below) : 

1.  A  change  in  the  valvular  apparatus  has  taken  place,  but  it  is  not 
so  considerable  that  it  produces  permanent  mechanic  disturbances  in  a 
manner  sufficiently  marked  for  their  recognition.  There  may  be  tem- 
porary mechanic  disturbances,  depending  upon  the  behavior  of  the  heart 
muscle.  A  transient  fatigue  of  this  muscle  as  the  result  of  overexertion, 
no  matter  how  the  latter  takes  place,  may  suffice.  Thus  it  happens  that 
opinions  must  needs  differ  as  to  whether  a  valvular  lesion  exists  or  not. 
Not  only  is  this  a  matter  of  doubt  for  the  physician  who  must  rely  upon 
single  or  few  examinations,  but  also  for  him  who  observes  the  case  for  a 
long  time.  Even  those  who  watch  the  case  for  some  time  will  often  re- 
main in  doubt,  and  will  not  always  be  able  to  reject  the  possibility  of  a 
simple  muscular  disturbance  (compare  cases  I  and  VI,  below). 

2.  As  soon  as  compensation  fails,  there  is  a  change  in  the  conditions 
which  allowed  the  heart  muscle  to  maintain  the  circulation  in  as  favorable 
a  manner  as  possible  under  the  circumstances.  If  this  change  takes  place 
rapidly,  as,  for  example,  in  a  newly  recurring  endocarditis  and  myocarditis, 
then  the  clinical  picture  will  change  so  vastly  in  a  short  time  that  only 
those  who  have  seen  the  patient  before  can  understand  it.  All  the  signs 
which  are  furnished  by  our  methods  of  examination  change  in  these  cases 
in  a  short  space  of  time;  and,  especially,  it  is  scarcely  possible  in  such  cases 
to  be  certain  whether  a  new  valvular  lesion  is  developing  alongside  of  the 
old. 

If  the  failure  of  compensation  comes  on  slowly  then  the  phenomena 
of  the  valvular  lesion  remain  perceptible  for  a  certain  time,  but  finally  are 
lost  in  the  general  picture  of  cardiac  failure. 

3.  In  contrast  to  the  cases  in  which  the  presence  of  a  valvular  lesion 
is  not  easily  recognized,  or  else  is  not  discernible  at  all,  there  are  other 
cases  in  which  a  valvular  lesion  seems  to  be  present,  although  it  does  not 
exist  in  reality.  We  have  already  spoken  of  this  class  of  cases  in  another 
place  (Cardiac  Insufficiency,  p.  61). 

If  we  sum  up  everything  that  has  been  said,  we  find  that  it  is  the  heart 
muscle  that  creates  our  difficulties  in  the  diagnosis  of  valvular  lesions. 
The  question,  therefore,  must  be  considered  somewhat  more  in  detail: 

What  value  shall  be  attached  to  the  physical  signs  in  the  diagnosis 
of  a  valvular  lesion  in  general,  and  in  the  determination  of  its  seat  in 
particular?  Certainly  tWs  value  must  vary  considerably,  but  it  cannot  be 
emphasized  too  greatly  that  the  least  value  should  be  attached  to  the 
phenomena  of  auscultation.*  And  yet  these  signs  are  held  most  highly, 
as  a  rule,  by  physicians  with  insufficient  experience. 

Whoever  teaches  at  the  bedside  knows  how  difficult  it  is  to  make  it 
clear  to  students  that  when  a'*  murmur"  is  heard  the  diagnosis  of  "  valvular 
disease  "  cannot  be  made  from  the  location  where  the  sound  is  heard  loud- 
est, much  less  so  the  determination  of  the  exact  valve  involved.  Why  is 
this  so? 

1.  The  sounds  which  we  know  as  valvular  sounds  are,  acoustically 
speaking,  noises  which  arise  through  irregular  vibrations.     It  is  true 

*  Fraentzel  says  also  (loc.cit.,p,  84):  "The  heart  munnurs  should  play  the  most 
subordinate  role  in  the  diagnosis  of  cardiac  murmurs." 
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that  they  make  the  impression  of  musical  tones,  because  they  are  repeated 
at  certain  intervals,  are  separated  from  each  other  by  certain  definite 
periods  of  time,  and  are  always  the  same  in  quaUty.  Yet,  each  individual 
observer  is  bound  to  form  his  own  conception  of  what  constitutes  a  pure 
heart-sound.    This  conception  is,  and  remains,  purely  subjective. 

Possibly  the  explanation  why  more  or  less  agreement  exists  as  to  what 
constitutes  a  pure  or  an  impure  heart-sound,  as  heard  by  the  trained  ear, 
is  as  follows:   The  trained  obsei-ver  has  accustomed  himself  to  pay  no 
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attention  to  minute  variations  in  the  sounds,  and  he  habitually  compares 
the  auscultatory  picture  with  that  which  he  holds  in  his  memory,  which  is 
kept  fresh  by  the  repetition  of  the  same  sensation.  This  is  probably  the 
reason  why  a  person  with  an  acute  ear,  but  without  an  intimate  knowledge 
of  the  heart,  can  hear  ''murmurs'^  more  easily.  It  has  happened,  not 
infrequently,  in  my  experience,  that  I  had  to  admit  the  correctness  of  an 
observation  by  a  beginner  who  heard  *' murmurs"  which  I  had  at  first 
overlooked,  or  rather  to  which  I  had  not  paid  any  attention.  The  reason 
of  this  was  that  the  experienced  ear  from  the  first  is  accustomed  to  exclude 
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the  unessential  features  of  the  sensory  impression,  with  the  result  that 
these  features  of  it  escape  his  observation.  Analogies  may  be  found  in 
every  field  of  experience. 

2.  It  is  not  always  possible  to  define  the  place  at  which  a  murmur 
has  its  origin.  This  is  rendered  difficult  through  the  fact  that,  owing  to 
the  position  of  the  heart,  the  vibrations  which  arise  in  its  valves,  and  which 
produce  auditory  sensations,  must  traverse  certain  spaces  and  must  over- 
come certain  obstacles  before  they  can  reach  the  ear.  At  times  the  path 
for  their  transmission  is  the  same  or  nearly  the  same.  The  following  very 
clear  description  by  Merkel*  gives  a  definite  idea  of  the  conditions  which 
control  the  transmission  of  cardiac  sounds: 

"  In  order  to  understand  the  relative  position  of  the  valves  toward  each 
other,  and  toward  the  chest-wall,  we  can  begin  by  remembering  that  these 

valves  would  lie  in  a  horizontal 
plane  if  the  axis  of  the  heart  were 
placed  vertically. 

"The  apex  of  the  heart,  how- 
ever, rises  so  as  to  touch  the  thor- 
acic wall  in  front.  The  horizontal 
level  is  thereby  placed  at  such  an 
angle  that  the  posterior  circum- 
ference is  lowered  and  the  anterior 
is  raised.  This  can  easily  be  illus- 
trated with  a  piece  of  cardboard. 
Now,  the  lower  apex  of  the  axis 
also  deviates  to  the  left,  whereby 
the  right  lateral  and  posterior 
boundary  of  the  plane  is  placed 
lowest  of  all.  The  pulmonary 
valves  lie  closest  to  the  front  of 
this  imaginary  plane,  and  there- 
fore occupy  the  highest  position 
of  the  apparatus.  The  aortic 
valves  lie  somewhat  farther  back 
(see  Fig.  54).  Then  come  the 
left  and  finally  the  right  auriculo- 
ventricular  valves,  the  latter  being 
the  lowest  of  all. 

''An  attempt  to  define  the  positions  of  the  valves  by  means  of  lines 
drawn  upon  the  anterior  surface  of  the  chest  can  only  be  partly  successful, 
for  the  reason  that  the  attachments  of  these  valves  do  not  represent 
straight  lines.  As  it  is  desirable  to  represent  as  accurate  a  picture  as 
possible  of  their  location  by  the  simplest  available  methods,  I  recommend 
the  use  of  the  three  lines  drawn  in  Fig.  55.  The  uppermost  of  these  lines 
lies  at  the  upper  border  of  the  sternal  end  of  the  third  rib  on  the  left  side, 
and  one-half  of  it  lies  upon  the  rib  itself,  while  the  other  half  lies  upon  the 
sternum:  This  line  indicates  the  position  of  the  right  arterial  orifice. 
The  second  line  begins  in  the  middle  of  the  sternal  end  of  the  third  rib  on 
the  left  side,  and  reaches  across  the  middle  of  the  sternum,  running  almost 
parallel  to  the  third  line — that  is,  in  a  slightly  downward  direction.  This 
last  line  corresponds  to  the  position  of  the  left  arterial  orifice.    The  lowest 

*  "Handbuch  d.  topogr.  Anatomic,"  vol.  ii,  p.  353,  et  seq.j  Braunschweig,  F. 
Vieweg  &  Son,  1896. 
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line  begins  at  the  lower  border  of  the  third  rib  on  the  left  side,  scarcely 
a  finger-breadth  away  from  the  sternal  border,  and  arches  behind  the 
sternum  down  to  the  sternal  border  of  the  sixth  rib,  on  the  right  side.  Its 
lower  portion,  up  to  the  level  of  the  third  intercostal  space,  corresponds 
to  the  position  of  the  attachment  of  the  right  venous  orifice  (tricuspid), 
while  its  upper  portion  corresponds  to  the  left  venous  orifice  (mitral). 

*'If  a  heart  which  is  otherwise  normal  lies  somewhat  higher  or  lower 
than  usual,  then  all  we  need  to  do  is  to  determine  the  position  of  the  apex, 
in  order  to  be  able  to  judge  how  much  higher  or  lower  the  three  fines 
drawn  must  begin. 

"The  position  of  the  valves  is,  to  a  certain  extent,  very  unfavorable  for 
the  purposes  of  auscultation.  In  the  first  place,  because  the  two  arterial 
orifices  and  the  left  venous  orifice  are  crowded  into  a  space  which  scarcely 
exceeds  the  width  of  one  rib,  and,  secondly,  because  the  valves  of  the  left 
side  of  the  heart  are  turned  away  from  the  thoracic  walls.  Even  the  aortic 
valve  is  crowded  away  from  the  wall  of  the  thorax  by  the  thickness  of  the 
pulmonary  artery  which  lies  in  front  of  it.  But  the  venous  valve  of  the 
left  heart  lies  lowest  of  all,  and  it  can  scarcely  be  expected  that  it  can  be 
reached  by  auscultation. 

**In  practice  we  are  obliged,  therefore,  to  refrain  from  placing  the 
stethoscope  accurately  over  the  valves  of  the  left  heart  itself..  We  utilize 
instead  the  transmission  of  sounds  which  takes  place  in  the  heart-walls 
and  in  the  colunm  of  blood  in  order  to  isolate  the  tones  from  each  other 
at  convenient  points. 

**The  sounds  of  the  left  venous  orifice  (mitral  valve)  are  best  heard 
over  the  apex.  In  listening  to  the  sounds  of  the  left  arterial  orifice,  the 
stethoscope  is  placed  in  the  second  right  intercostal  space,  directly  adjoin- 
ing the  right  sternal  border.  At  this  point  the  ascending  aorta,  and  not 
the  valve,  is  nearest  to  the  walls. 

"The  valves  of  the  right  side  of  the  heart  may  be  reached  quite  accu- 
rately by  listening  over  their  thoracic  projections.  The  right  arterial  ori- 
fice is  best  auscultated  in  the  second  left  intercostal  space,  immediately 
adjoining  the  sternal  border,  while  the  right  venous  orifice  (tricuspid  valve) 
is  best  heard  at  the  median  line  of  the  sternum,  at  the  level  of  the  fifth 
costal  cartilage — a  place  which  lies  at  about  the  middle  of  the  insertion  of 
the  valve." 

In  spite  of  the  difficulties  due  to  the  peculiar  local  conditions  en- 
countered, we  can  usually  get  our  bearings,  and  can  localize  the  sounds 
heard  over  the  heart  with  considerable  certainty.  We  succeed  in  doing 
this  chiefly  because  in  normal  hearts  the  sounds  which  we  auscultate  at 
the  "points  of  election"  possess  a  definite  quality,  and  the  mental  picture 
of  this  quality  becomes  thus  a  standard  which  we  can  use  to  detect  any 
deviations  that  may  be  present. 

These  are  the  facts.  Their  interpretation,  however,  is  another  task. 
When,  for  example,  the  diastolic  tone  over  the  pulmonary  artery  is  heard 
louder  than  that  over  the  aorta,  the  reason  for  this  change  may  lie  in  the 
increased  tension  of  the  valves  of  the  former,  which  is  induced  through 
an  increase  in  the  labor  of  the  right  ventricle.  But  the  increased  intensity 
of  this  sound  may  also  be  caused  by  the  diminution  of  the  resistance  offered 
to  the  transmission  of  the  sound,  the  diminution  being  most  frequently 
due  to  a  retraction  of  the  part  of  the  lung  which  covers  the  pulmonary 
artery. 

If  this  applies  to  the  cardiac  tones,  can  the  same  also  be  said  of  the 
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murmurs?  The  direct  evidences  of  the  senses  teaches  that  the  sounds  are 
no  longer  pure.  We  assume  that  these  sounds  originate  in  the  place  which 
corresponds  to  the  origin  of  the  normal  tones;  while  this  is  frequently 
so,  it  cannot  be  said  that  this  is  an  invariable  rule.  In  all  probability 
variations  in  resistance  of  transmission  also  play  a  role  under  these  condi- 
tions. But  our  knowledge  as  to  the  behavior  of  these  resistances  is  ex- 
tremely scanty.  Pure  tones  are  transmitted  more  readily  than  the  mur- 
murs which  develop  in  the  heart — that  is  about  all  that  we  can  affirm  from 
experience. 

The  origin  of  the  murmurs  which  are  most  apt  to  mislead  us  must  be 
referred  to  the  musculature  of  the  heart.  When  the  heart  is  hypertrophied 
or  dilated,  it  changes  its  position  in  the  chest  cavity,  as  well  as  in  relation 
to  the  chest-wall,  and  very  often,  also,  the  adjoining  lung  expands  other- 
wise, under  those  conditions,  than  in  normal  individuals.  Thus,  it  may 
occur  that  the  place  where  the  murmurs  are  formed  is  transferred  to  a 
position  which  is  near  enough  to  the  normal  position  of  a  valve  to  allow 
us  to  mistake  the  latter  as  the  point  of  origin  of  the  murmur. 

3.  The  murmurs  which  are  heard  over  the  heart  arise  through  vortex 
movements  or  eddies  of  blood.  These  take  place  in  the  blood  as  the  result 
of  the  collision  of  two  streams  moving  in  opposite  directions,  or  else  as  the 
result  of  sudden  and  considerable  changes  in  the  diameter  of  the  stream. 
These  vortex  movements  only  become  strong  enough  to  produce  audible 
murmurs  when  the  velocity  of  the  blood-stream  is  sufficiently  great.  The 
amount  of  vital  force  which  is  suppUed  by  the  laboring  heart  is,  therefore, 
an  important  item  in  judging  the  significance  of  a  murmur  in  diagnosis. 
Therefore  the  decisive  factor,  once  more,  is  the  heart  muscle. 

Fraentzel*  says,  correctly,  at  the  beginning  of  his  rules  warning  the 
diagnostician:  "In  the  diagnosis  of  valvular  lesions  of  the  heart  we  should 
refrain  from  giving  a  definite  opinion  as  to  the  character  of  the  cardiac 
affection  present  sub  finem  vitce — a  period  which  is,  comparatively  speaking, 
not  difficult  to  determine." 

This  principle  must  be  expanded,  however,  for  it  applies  to  cardiac 
failure,  no  matter  from  what  cause  it  may  have  originated.  It  applies 
particularly  in  severe  recurrent  endocarditis  and  myocarditis,  no  matter 
whether  they  terminate  fatally  or  not. 

4.  It  is  of  great  importance  for  diagnosis  to  determine  whether  a 
murmur  is  heard  during  systole  or  during  diastole.  This  is  only  possible 
when  the  nimiber  of  contractions  of  the  heart  do  not  exceed  a  certain 
limit  within  a  given  unit  of  time.  When  the  beats  follow  each  other  in 
too  rapid  succession,  even  the  most  accurately  trained  and  most  acute  ear 
can  no  longer  distinguish  the  cardiac  phases  with  absolute  accuracy. 
It  depends,  naturally,  entirely  upon  the  individual  when  this  limit  is 
reached.  The  experienced  observer  can  distingmsh  diastole  from  systole 
longer  with  more  rapid  beats  than  the  inexperienced  man.  There  is  no 
question,  however,  that  a  considerable  impairment  in  the  valuation  of 
auditory  sensations  for  the  diagnosis  of  valvular  lesions  obtains  as  the 
result  of  this  incapacity. 

Heretofore  it  has  been  deemed  sufficient  to  distinguish  the  changes 
perceptible  to  the  ear  and  to  the  touch  which  take  place  during  systole 
from  those  that  occur  during  diastole.  It  is  natural,  however,  that  the 
principal  attention  should  be  paid  to  the  left  side  of  the  heart,  and  especi- 

*  "Vorlesungen,"  p.  69. 
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ally  to  the  left  ventricle.  Some  have  tried  to  refine  the  observations,  to 
extend  them  to  the  chief  divisions  of  the  cardiac  phases,  and  thus  to  gain 
profit  for  the  diagnosis  of  valvular  lesions.  Recently  Martins,  to  whom 
we  are  indebted  for  beautiful  work  in  this  special  field,  has  summarized 
those  points  in  this  connection  which  are  important  clinically.* 

He  shows  that  the  systole  of  the  left  ventricle  is  divided  into  two  periods : 

1.  T?ie  Period  of  Closure, — ^This  begins  at  the  moment  when  the  ven- 
tricle begins  to  contract,  and  lasts  until  the  blood  which  is  contained  in 
it  has  been  placed  under  such  high  pressure  that  it  overcomes  the  resist- 
ance in  the  aorta  and  forces  open  the  valves  in  this  vessel  which  have 
remained  closed  until  then. 

2.  The  Period  of  Expulsion. — ^The  ventricle  remains  strongly  con- 
tracted because  it  must  empty  the  blood  which  it  contains  into  the  aorta. 
The  period  of  expulsion  is  followed  by  a  short  period  of  rest,  characterized 
by  the  relaxation  of  the  ventricle.  The  diastole  begins  only  when  the 
contraction  of  the  ventricle  has  ceased  entirely.  The  apex-beat  falls  into 
the  period  of  closure,  which,  for  the  human  heart,  lasts  0.07  second. 

As  Ludwigt  showed  many  years  ago,  the  ventricle  undergoes  a 
change  in  both  form  and  position  during  contraction.  While  this  cham- 
ber is  somewhat  elliptic  during  the  diastole,  it  tends  to  become  spheric 
during  systole.  The  small  diameter  of  the  elUpse  must,  therefore,  be 
converted  into  the  large  diameter  of  the  sphere  which  is  formed  in  systole, 
and  thus  the  adjoining  parts  must  be  forced  outward  in  this  motion. 
The  lungs  which  are  normally  easily  movable  adjoin  the  base  of  the 
heart,  and,  therefore,  we  do  not  recognize  any  movement  there.  At  the 
apex,  however,  which  is  close  to  the  chest-wall,  and  is  only  covered  by  a 
very  thin  layer  of  lung  tissue,  conditions  are  entirely  different. 

The  stiffened  apex  seeks  to  place  itself  at  right  angles  to  the  base  of  the 
heart,  but  it  meets  the  resistance  of  the  thoracic  wall.  The  muscular  left 
ventricle,  which  forms  a  mass  of  considerable  size,  with  its  closely  sur- 
rounded fluid  contents,  the  blood,  gains  enough  initial  velocity  in  its 
rapid  contraction  to  disturb  the  equilibrium  of  the  obstacles  before  it. 
The  intercostal  muscles,  therefore,  3deld  and  are  pushed  outward;  the  ribs 
are  thrown  into  strong  vibrations,  and  may  even  be  so  distended  (in 
hypertrophy  of  the  heart  muscle)  that  they  give  place  to  the  on-pressing 
heart.     Li  this  manner  precordial  bulging  is  formed. 

All  this  can  only  take  place  during  the  period  of  closure.  During  this 
phase  of  the  cycle  the  auricular  valves,  as  well  as  the  aortic,  are  closed, 
and  the  heart,  with  its  contained  blood,  forms  a  unit  which  loses  its  greatest 
mechanic  power  as  soon  as  its  mass  becomes  smaller.  This  occurs  when 
the  blood  can  escape  from  the  ventricle  into  the  aorta,  and  when  the  heart 
does  not  gain  a  corresponding  increase  in  vital  force  furnished  by  muscular 
action,  as  may  be  seen  from  the  pressure-tracing  of  the  ventricle,  as 
compared  to  that  of  the  aorta. 

The  heart  cannot  slip  backward;  for,  as  Braune  has  shown,  "the  posterior  wall 
of  the  pericardium  is  reinforced  by  numerous  fibrous  bundles  which  radiate  into  it. 
This  wall  is  strong  enough  to  resist  the  movements  of  the  heart  and  to  form  a  base 
of  support  against  which  the  posterior  wall  of  the  heart  can  gain  a  purchase  during 
its  contraction''  (cited  by  Martins,  p.  10). 

*  "Methodologie  als  Einleitung  in  die  Lehre  von  den  Herzkrankheiten, "  "Die 
Deutsche  Klinik  am  Eingange  des  XX.  Jahrunderts,"  by  E.  v.  Leyden  and  F.  Klem- 
perer,  vol.  iv,  2,  p.  1. 

t  See  explanation  in  his  "Lehrbuch,"  pt.  ii,  pp.  85,  86,  of  the  second  edition. 
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The  apex-beat  must  necessarily  occur  during  the  period  of  closure 
and  before  the  ascending  (anacrotic)  limb  of  the  arterial  curve.  Martins 
correctly  points  out  that  the  clinical  value  of  the  apex-beat  must  include 
only  that  which  is  expressed  in  the  term  itself :  the  concussion  or  projection 
of  the  thoracic  wall  produced  by  the  contraction  of  the  heart  with  closed 
valves. 

The  manner  in  which  the  thoracic  wall  returns  to  its  normal  equilibrium 
is  expressed  in  the  descending  portion  of  the  cardiac  tracing,  but  is  prac- 
tically of  no  importance  to  the  physician. 

It  should  be  noted  that  the  part  of  the  cardiac  cycle  which  has  been  called  "the 
hack  stroke"  by  James  Hope,  occurs  in  the  period  of  expulsion,  and,  therefore,  re- 
presents an  active  process:  the  shrinking  of  the  ventricle  due  to  its  emptying  into 
the  aorta  (interpretation  given  by  Martius). 

The  beginning  of  diastole  is  characterized  by  the  tone  which  occurs 
when  the  aortic  valves  close.  The  heart-sounds  occur  in  certain  definite 
phases  of  the  cardiac  cycle.  The  systolic  sound  occurs  in  the  period  of  the 
beginning  of  closure.  R.  (Jeigel,  with  whom  Martins  agrees,*  concludes 
from  this  fact  that :  "  During  the  period  of  closure  there  must  be  mechanic 
conditions  which  produce  the  acoustic  phenomenon  known  as  the  systolic 
sound.  During  the  period  of  closure  there  is  as  yet  no  propulsion  of  blood, 
but  the  ventricle,  which  had  been  flabby  until  then,  suddenly  becomes 
contracted  around  its  contents.  The  structures  surrounding  the  ventricle 
(muscular  wall  and  valves)  at  that  moment  very  rapidly  enter  into  a  new 
state  of  equilibrium,  in  which  they  vibrate,  until  the  inert  contents 
dampen  the  vibrations.    These  vibrations  form  the  first  sound. 

"  The  first  sound,  therefore,  must  be  absent  when  the  period  of  closure 
fails  (or,  more  correctly,  when  closure  is  lacking  in  that  particular  phase 
of  the  cycle).  This  is  confirmed  by  thousands  of  observations.  If  the 
auricular  valve  is  open,  the  contracting  heart  muscle  drives  a  part  of  the 
blood  directly  into  the  auricle,  and  the  heart  muscle  does  not  enter  into  a 
new  state  of  equilibrium  about  which  it  can  vibrate,  but  it  gradually 
follows  the  escaping  blood  until  the  pressure  of  the  aorta  has  been  over- 
come. In  place  of  the  sound  there  arises,  then,  a  murmur  due  to  the  fact 
that  the  blood  which  escapes  through  the  slit  in  the  valvular  flaps  makes 
these  flaps  vibrate  Uke  the  Ups  of  a  whistle.  This  also  explains  why  the 
murmurs  are  usually  longer  in  duration  than  the  heart-sounds.  In  the 
production  of  the  heart-sounds  the  elastic  walls  of  the  ventricle  are  thrown 
out  of  their  equilibrium  but  once,  and  vibrate  about  this  new  state  imtil 
external  resistances  very  rapidly  produce  a  dampening  of  the  vibrations. 

**  On  the  other  hand,  when  a  murmur  occurs,  the  elastic  wall  is  repeat- 
edly brought  out  of  its  equiUbrium  during  a  shorter  or  longer  space  of 
time,  through  an  external  influence,  and  the  dampening  of  the  vibrations 
takes  place  only  when  all  the  external  causes  of  the  murmur — the  blood- 
stream— cease  or  are  no  longer  suflBciently  strong." 

So  far  as  I  can  judge,  this  explanation  is  better  and  certainly  more 
easily  understood  than  those  offered  by  previous  authors.  Whether  it 
will  stand  the  criticism  of  physicists  I  cannot  say. 

The  scheme  devised  by  Martins  must  also  be  mentioned  here.  It  gives 
a  clear  idea  of  the  relation  of  the  cardiac  phases  to  the  tones  and  murmurs 
due  to  disturbances  in  the  valves  or  in  the  orifices. 

♦  Loc.  cit.y  p.  9. 
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MARTIUS'  SCHEMA  OF  THE  CARDIAC  CYCLE  IN  RELATION  TO 
SOUNDS  AND  MURMURS. 


A. 
Mitral  Inbuffi- 

CIENCT. 

B. 
Aortic  Stenosis. 

c. 

Aortic  Insuffi- 
ciency. 

D. 
Mitral  Stenosis. 

Ventricular  Systole. 

Ventricular  Diastole. 

Period  of  Closure. 

First      sound     and 
apex-beat. 

(a)  Closure  op  the 
Auricular  Valves. 

Period  op  Expul- 
sion. 
Back-stroke. 
Beginning  of  the  aor- 
tic pulse. 
(b)  Opening  op  the 
Semilunar  Valves. 

Second  sound. 

(c)  Closure  of  the 
Semilunar   and 
opening  op  the 

Auricular  Valves. 

Auricular 
Systole. 

a                               I 

i 
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Martins  correctly  includes  the  systole  of  the  left  auricle  in  this  scheme;  for,  un- 
doubtedly, this  systole  has  an  influence  in  the  formation  of  the  murmur  of  mitral 
stenosis  (see  p.  364).  The  presystolic  murmur  has  gained  an  established  place  in 
diagnosis.  On  the  other  hand,  the  same  cannot  be  said  of  the  peridiastolic  and 
prediastolic  murmurs  which  have  recently  been  defended  by  Senator.*  These  mur- 
murs occur  between  the  end  of  the  systole  and  the  beginning  of  the  diastole;  in  other 
words,  while  the  auriculoventricular  valves  are  still  open  for  the  escape  of  blood. 
Senator  believes  that  these  murmurs  are  produced  as  the  result  of  the  fact  that  the 
papillary  muscles  do  not  remain  contracted  to  their  full  extent,  and  thus  allow  the 
valvular  flaps  to  be  so  separated  from  each  other  that  a  portion  of  the  blood  which 
is  still  under  higher  pressure  in  the  ventricle  escapes  into  the  auricle.  In  the  aorta 
this  is  said  to  take  place  at  the  beginning  of  the  period  of  closure,  because  the  blood 
which  still  is  under  high  pressure  in  the  aorta  flows  back  into  the  ventricle. 

In  considering  these  possibilities,  we  must  take  into  consideration  chiefly  the 
reinforcement  of  the  valvular  closure  by  the  muscular  rings  which  are  specially 
provided  for  this  purpose.  A  premature  relaxation  of  these  rings  in  the  period  of 
expulsion,  and  a  retarded  contraction  in  the  period  of  closure,  would  be  the  factors 
involved. 

The  murmurs  which  are  conducted  by  the  blood  in  the  direction  of 
the  current  through  the  arteries  are  of  great  importance  in  diagnosis. 
This  is  due  essentially  to  the  fact  that  the  vibrations  are,  to  a  certain 
extent,  dependent  upon  the  course  of  the  vessels,  and  that,  therefore, 
there  is  less  doubt  as  to  their  origin.  We  must  not  forget,  however,  that 
murmurs  may  occur  from  dilatation  of  the  aorta  itself,  as  well  as  from 
valvular  disturbances.  When  the  former  condition  obtains,  other  methods 
of  examination  must  be  used  to  determine  their  presence.  This,  however, 
is  not  always  possible. 

The  sounds  formed  in  the  arteries  ^Uow  us  to  draw  conclusions  as  to 
the  force  with  which  the  left  ventricle  is  working,  and  indirectly  as  to 
the  presence  of  valvular  defects  which  may  have  induced  hypertrophy 
(aortic  insufficiency). 

When  vibrations  which  are  perceptible  to  the  ear  are  also  discernible 
on  palpation,  we  must  conclude,  in  general,  either  that  the  force  which 
has  produced  them  has  increased,  or  else  that  the  resistances  which  were 
opposed  to  their  transmission  have  decreased.  Both  factors  are  possible, 
but  the  former  is  more  frequent.    On  the  whole,  in  such  cases,  it  becomes 

*  "On  Modified  Systolic  so-called  Peri-  and  Prediastolic  Murmurs  in  the  Heart," 
von  Leyden's  "Festschrift,"  vol.  i. 
22 
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still  more  difficult  to  determine  the  place  of  origin  of  the  vibrations,  inas- 
much as  the  surface  over  which  they  are  perceptible  becomes  more  exten- 
sive. In  such  cases  the  auscultation,  and  even  the  palpation,  of  arteries 
is  of  assistance.  Yet  we  must  be  cautious  in  drawing  conclusions,  for  it 
may  happen  that  the  murmurs  are  loud  enough  to  be  transmitted  in 
continuity,  independently  of  the  conduction  by  the  blood-stream.  Thus  we 
had  in  the  Policlinic  a  case  of  severe  insufficiency  of  the  mitral  valve,  with 
accompanying  stenosis  of  its  orifice,  in  which,  when  the  heart's  action  is 
vigorous,  the  murmurs  may  be  heard  even  over  the  arms, — the  left  as 
well  as  the  right, — when  these  limbs  are  horizontally  extended. 

In  order  to  interpret  correctly  the  signs  which  point  to  an  enlargement 
of  the  entire  heart,  or  of  one  of  its  parts,  the  following  points  should  be 
noted:  In  the  first  place,  we  must  consider  the  behavior  of  the  lungs,  i.  e,, 
whether  they  cover  the  heart  in  a  normal  fashion,  or  whether  they  extend 
over  a  larger  or  smaller  siu*face  than  ordinarily.  We  have  already  re- 
peatedly spoken  of  the  necessity  of  determining  these  facts. 

Percussion  shows  us  directly  only  the  extent  of  the  siu^ace  over  which 
the  heart  gives  a  diminished  or  dulled  sound.  Whether  this  is  the  result 
of  an  increase  in  its  muscular  mass  or  whether  it  is  due  to  a  dilatation  of 
its  cavity,  and  if  so,  which  particular  portions  are  involved,  are  quite 
separate  questions.  In  addition  to  the  shape  of  the  area  of  dulness, — this 
is  a  factor  of  first  importance, — we  must  pay  attention  to  the  character 
of  the  cardiac  action.  The  points  to  be  noted  in  this  examination  need 
not  be  considered  in  detail  at  this  point.  I  need  only  point  out,  once  more, 
that  when  compensation  fails,  the  rules  which  ^pply  to  the  changes  in 
the  area  of  dulness  of  well-developed  valvular  lesions  lose  a  great  deal  of 
their  original  value,  in  proportion  as  the  loss  of  compensation,  that  is,  the 
heart  weakness,  progresses.  Conversely,  when  the  cardiac  wealmess 
improves,  the  area  of  dulness  may  return  into  the  shape  and  size  dictated 
by  the  valvular  lesion  present.* 

The  pulse  may  give  indications  of  great  importance,  and  in  some  cases 
of  vital  importance,  in  the  diagnosis.  Yet  changes  in  the  pulse  are  of 
importance  only  in  diseases  of  the  aorta,  for  truly  characteristic  devia- 
tions in  the  t}^  of  the  pulse  are  not  foimd  in  disease  of  the  mitral  valve. 
The  pathologic  venous  pulse  may  also  be  mentioned  in  this  connection; 
for  this  phenomenon,  under  proper  conditions,  may  alone  be  sufiicient 
to  indicate  the  presence  of  tricuspid  insufficiency. 

A  good  old  custom  is  that  more  than  one  sign  is  required  for  a  classic 
diagnosis  of  a  completely  developed  lesion.  If  the  diagnosis  shall  be 
certain,  then  the  demonstrable  signs  must  be  complementary  to  one 
another  and  must  furnish  an  expression  for  the  functional  disturbances 
which  necessarily  coincide  with  the  anatomic  changes.  If  the  disturbances 
are  not  confined  to  one  valve,  t^en  the  clinical  manifestations  become 
less  characteristic  in  all  directions,  and  it  is  very  difficult  to  decipher  the 
exact  conditions  from  the  composite  picture.  Fraentzel,t  therefore,  is 
right  in  warning  us  that  we  should  not  assume  the  presence  of  a  compli- 
cated valvular  lesion  simply  from  some  deviations  from  the  ordinary 
picture. 

*  Compare  p.  57,  case  III.  t  "  Vorlesungen, "  p.  83. 
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It  is  often  asked  whether  it  is  possible,  and  if  so,  to  what  extent,  to 
predict  the  influence  of  a  valvular  lesion  upon  the  duration  and  the  course  of 
life.  How  long  can  the  patient  live  and  how  much  of  his  working-capacity 
can  he  retain?  Whenever  a  general  answer  is  demanded,  we  must  decline 
to  commit  ourselves.  Such  an  answer  cannot  be  given  for  an  individual 
valvular  lesion,  but  only  for  an  individual  case,  and  even  then  it  must  be 
given  with  a  great  deal  of  caution. 

The  facts  to  be  considered  foremost  are:  I.  What  takes  place  when  a 
valvular  lesion  is  present  which  has  no  tendency  to  grow  worse,  and  re- 
mains unchanged  for  a  long  time?  Under  these  conditions  our  calculation 
can  be  fairly  accurate.  We  must  consider:  (1)  The  extent  of  the  injury 
present;  (2)  the  completeness  of  the  compensation  of  the  changes  which 
have  taken  place  in  the  heart-pump;  (3)  whether  the  compensation 
is  Ukely  to  be  maintained. 

First  of  all,  the  mechanic  conditions  which  obtain  in  each  case  must 
be  considered.  A  part  which  is  made  up  of  weak  muscles  behaves  differ- 
ently from  one  which  is  strongly  built.  The  auricle,  therefore,  cannot  be 
placed  on  the  same  level  as  the  ventricle.  Therefore,  even  if  the  heart 
were  so  constructed  that  a  certain  amount  of  valvular  lesion  could  be 
present  without  injuring  this  organ,  how  great  would  then  be  the  perma- 
nent demands  upon  the  capacity  of  that  part  of  the  heart  which  is  chiefly 
drawn  upon  for  the  purpose  of  compensation?  Can  such  an  amount  of 
blood  be  supplied  to  this  part  as  is  commensurate  with  its  increased 
activity?  In  addition,  those  biologic  values  which  never  can  be  gauged 
a  priori  must  receive  full  consideration:  To  what  extent  is  the  heart 
capable  of  adapting  its  muscular  growth  to  the  task  required  by  the 
valvular  lesions?  Much  importance  depends  upon  the  original  constitu- 
tion of  the  organ,  and  also  upon  the  nutrition  of  the  organism  as  a  whole, 
especially  blood  formation,  in  spite  of  the  disturbances  in  the  heart. 

In  the  final  analysis,  the  ''constitution"  of  the  patient  is  of  great 
weight  in  the  prognosis;  for  the  constitution  determines  his  resistance 
against  injuries  of  all  sorts.  Another  thing  which  may  be  cited,  merely  as 
an  example,  is  that  the  prognosis  of  certain  cardiac  affections  depends 
almost  entirely  upon  the  question  as  to  whether  or  not  the  patient  is  sub- 
ject to  bronchial  catarrhs. 

Next  comes  the  consideration  of  the  external  conditions  of  the  case: 
What  requirements  upon  the  heart  are  made  by  the  patient's  mode  of  life? 
Upon  this  factor  depends  the  decision  as  to  whether  the  heart  is  able  to 
secure  the  periods  of  rest  which  are  necessary  to  sufficient  nutrition  in 
order  to  protect  it  from  fatigue  and  its  consequences.  All  these  questions 
have  already  been  considered  in  a  previous  section  (see  p.  18  et  seg.). 

II.  What  takes  place  when  the  cardiac  lesion  does  not  remain  station- 
ary for  any  length  of  time? 

We  must  not  forget  that  it  is  always  possible  that  we  may  have  to  deal 
with  this  question,  as  the  number  of  recurrences  in  endocarditis  is  esti- 
mated to  he  about  75  per  cent,  of  all  the  cases.  We  also  must  remember 
that  atheromatous  processes  necessarily  tend  to  become  wide-spread. 

Just  when  a  recurrence  may  be  expected,  or  just  when  the  process  may 
extend,  we  cannot  tell  beforehand,  nor  can  we  say  how  severe  the  new  at- 
tack will  be.  Certainly,  it  may  occur  so  late,  and  may  be  so  slight,  that 
it  does  not  produce  a  great  deal  of  harm,  at  least,  not  at  first.    On  the 
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other  hand,  it  may  also  happen  that  an  insignificant  valvular  lesion  which 
has  been  borne  without  any  trouble  for  many  years  leads  to  death  in  a. 
short  time  through  recurrent  endocarditis  (see  p.  196). 

In  general,  we  must  content  ourselves  with  the  statement  that  the 
more  frequent  the  attacks  of  endocarditis  become,  the  greater  is  the  prob- 
ability that  the  valvular  lesion  will  grow  worse;  in  other  words,  that  the 
compensation  will  be  disturbed,  and  thus  cardiac  weakness  induced. 
On  the  other  hand,  the  longer  the  periods  of  inactivity  on  the  part  of  the 
process,  the  less  will  be  the  danger.  As  regards  the  atheromatous  changes, 
we  must  consider,  in  addition  to  the  severity  and  extent  of  the  tissue 
change  itself,  also  the  presence  and  extent  of  lesions  in  the  coronary 
arteries,  and,  therefore,  the  blood-supply  of  the  heart. 

Let  us  now  turn  to  the  other  side.  Can  a  valvular  lesion  disappear? 
This  is  said  to  be  possible.* 

Of  course,  the  great  majority  of  such  cases  are  insufficiencies  of  the 
mitral,  and  it  is  extremely  difiicult  to  say  with  certainty  in  this  t3T)e  of 
valvular  affections  whether  they  are  produced  by  permanent  tissue  changea 
or  not.  However,  when  such  trustworthy  physicians  as  Gerhardtt  affirm 
that  they  make  these  statements  on  the  basis  of  years  of  observation, 
one  can  scarcely  imagine  that  they  have  been  dealing  with  transient 
functional  disturbances.  A  diagnostic  error,  however,  is  less  easily  made 
when  the  valvular  lesion  is  in  the  aorta,  and  in  most  of  the  few  cases  re- 
ported the  condition  was  insufficiency.  In  these  instances,  also,  a  long^ 
period  of  observation  was  assured  by  experienced  observers.  {  But  what 
have  been  the  proofs  of  recovery? 

Von  Leyden,  and  Fraentzel  who  agrees  with  him  verbatim,  believes 
that  "we  must  understand  by  recovery  not  only  the  disappearance  of  the 
murmur,  but  also  the  permanent  disappearance  of  all  cardiac  symptoms. 
The  cardinal  point,  however,  lies  in  the  permanent  disappearance  of  the 
murmur." 

It  may  be  admitted  that  such  a  disappearance  deserves  more  attention 
in  insufficiency  of  the  aortic  valve,  simply  because  the  murmur  is  diastolic. 
But  is  this  disappearance  a  positive  evidence  of  recovery?  Von  Leyden 
himself  denies  this  when  he  says:  "It  has  been  shown  that  the  diastolic 
regurgitation  mimnur  at  the  aortic  valves  can  disappear  without  removing 
the  insufficiency  and  its  mechanical  results,"  and  confirms  this  in  detail. 
He  also  shows  that  diastolic  murmurs  which  are  not  the  result  of  anatomic 
changes  may  simulate  valvular  lesions. 

From  all  this  we  must  conclude  that  the  expression  "  recovery  from  a 
valvular  lesion"  must  be  understood  as  follows :  A  true  return  of  the  injured 
tissue  to  the  normal  has  not  been  demonstrated,  but  there  may  be  such  a 
complete  disappearance  of  the  functional  disturbances  that  no  trace  of 
them  can  be  found.  This  is  accompanied  by  the  signs  which  indicate 
the  presence  of  valvular  disease  on  physical  examination,  especially  the 
murmurs.  It  is  in  reality  of  but  little  consequence  whether  we  speak 
in  such  a  case  of  recovery  or  of  "complete  compensation."    The  work  of 

*  C/.  von  Ijeyden,  "Ueber  die  Prognose  der  Herzkrankheiten,"  "Deutsche 
medicinische  Wocnenschrift.^'  1889,  pp.  418,  419,  where  copious  bibliographic  data 
occur;  also  O.  Fraentzel,  "  Vorlesungen,"  p.  116. 

t  "Lehrbuch  der  Auscultation  und  Percussion,"  fifth  edition,  p.  328. 

j  Cf.  von  Ijeyden,  loc.  cii. ;  case  reported  by  Senator  ("Therapie  der  Gegenwart, " 
new  series,  vol.  iii,  6)  deserves  special  notice.  It  is  possible  that  complete  recovery 
took  place  in  this  case. 
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von  Leyden,  however,  shows  that  the  discussion  of  these  questions  has 
been  of  great  value. 

"Until  very  recently  a  patient  who  had  a  perfectly  compensated 
cardiac  lesion,  and  who  had  been  feeling  perfectly  well,  was  regarded  as 
a  candidate  for  death,  who  might  die  at  any  minute,  whenever  a  cardiac 
affection  was  detected  accidentally  at  an  examination.  The  patient 
looked  upon  himself  as  doomed.  The  parents  of  an  innocent  child  saw 
their  dear  one  condemned  to  death.  These  severe  pessimistic  views  have 
been  replaced,  as  the  result  of  advances  in  our  knowledge,  the  importance 
of  which  should  not  be  underestimated.  For  we  have  been  more  and 
more  distinctly  assured,  as  our  medical  experience  increased,  that  such  a 
perfect  compensation  can  remain  imdisturbed  for  many  years,  and  that  the 
patient  can  enjoy  life  unmolested  during  all  that  time.     .     .     ." 

"Therefore  it  was  a  distinct  achievement  when  Sir  Andrew  Clark,* 
of  London,  foimd  684  cases  in  which  a  chronic  valvular  disease  of  the  heart 
had  existed  for  at  least  five  years  without  having  given  rise  to  any  symp- 
toms which  obviously  affected  the  health  of  the  patient." 

Such  are  the  views  of  von  Leyden,  and  every  experienced  observer 
must  agree  with  him  here,  as  well  as  with  his  further  remarks:  "  We  should 
not  tell  the  patient  with  heart  disease  the  whole  truth,  but  we  should 
not  conceal  from  him  the  necessity  of  regulating  his  life  in  a  proper  man- 
ner." In  other  words,  we  should  not  say  anything  about  the  danger 
threatening  him  from  a  recurrent  endocarditis,  because  we  do  not  know 
ourselves  whether  such  a  danger  is  present,  nor  when  it  may  threaten, 
any  more  than  we  know  how  one  can  avoid  this  danger. 

We  must  tell  the  patient,  however,  that  a  heart  whose  valves  are 
affected  requires  careful  management,  in  order  to  avoid  the  possibility 
of  its  fatigue.  The  physician  must  decide  the  way  in  which  this  shall  be 
done.  His  task,  therefore,  at  the  start,  concerns  itself  only  with  the  regu- 
lation of  the  patient's  mode  of  life.  When  signs  of  heart  failure  supervene, 
then  everything  else  that  has  been  said  concerning  the  treatment  of  heart 
weakness  comes  into  play.  The  various  valvular  affections  present,  at 
times,  special  problems,  which  are  considered  in  connection  with  the 
description  of  each  of  these  lesions. 


THE  INDIVIDUAL  VALVULAR  LESIONS^ 

In  the  days  when  the  valvular  lesions — insufficiencies  and  stenoses — 
occupied  the  foremost  position  among  the  diseases  of  the  heart,  a  greater 
importance  was  attributed  to  the  anatomic  and  the  clinical  details  of  the 
individual  lesions  than  is  usually  done  at  present.  I  think  it  is  desirable 
to  review  some  of  the  facts,  following  largely  the  treatise  of  Bamberger, 
which  presents  the  best  consideration  of  this  subject.  In  many  places  I 
quote  literally,  preferring  the  original  to  circumlocution.  Honor  to  whom 
honor  is  due — and  let  every  one  have  his  own. 

Among  the  newer  non-clinical  researches,  I  have  considered  the  experi- 
ments upon  models  as  well  as  the  purely  theoretic  considerations  of 
Benno  Lewy.  Both  these  lines  of  research  give  important  gUmpses  into 
the  mechanic  conditions  imderlying  the  different  heart  lesions.  The 
newer  view  of  this  subject  places  the  heart  muscle  in  the  center  of  every- 
thing.   This  means  that  we  are  face  to  face  with  a  biologic  problem  the 

*  "Report  at  the  British  Medical  Assn.,"  1887. 
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solution  of  which  can  only  be  compassed  when  we  gain  a  thorough  under- 
standing of  the  normal  conditions  of  valvular  action.  Unfortunately,  we 
are  still  far  from  perfect  in  this  respect. 

INSUFFICIENCY  OF  THE  MITRAL  VALVE. 

This  is  the  most  frequent  valvular  lesion  (see  above,  p.  311),  occurs 
chiefly  as  the  result  of  endocarditis,  and  is,  therefore,  frequently  seen  in 
young  subjects. 

Marked  tissue  changes  in  the  cardiac  muscle  are  often  followed  by  a 
more  or  less  insufficient  closure  of  the  mitral  valve.  A  similar  insuffi- 
ciency takes  place  when  the  cardiac  muscle  is  temporarily  (infectious 
diseases)  or  permanently  (cachectic  conditions)  affected  in  its  nutrition 
through  an  impoverished  blood.  In  these  conditions,  also,  there  may  be 
a  less  rapid  response  to  the  impulses  which  depend  upon  the  integrity  of  the 


Via.  66. — Pure  mitral  inmiflSciency,  eeen  from  the  ventricle  (from  a  preparation  in  the  Patholo^e 

Institute,  Tubingen). 


nervous  system.  This  slower  response  might  be  the  result  of  some  defect 
at  any  point  in  the  path  of  the  nerves. 

It  is  the  custom  to  give  a  complete  description  of  each  valvular  lesion, 
although  mitral  insufficiency,  like  the  other  lesions,  according  to  the 
general  belief,  but  rarely  occurs  in  its  pure  form,  that  is,  confined  to  the 
mitral  valve  and  without  any  accompanying  stenosis. 

It  would  not  be  correct,  from  a  clinical  viewpoint,  to  include  here  the 
muscular  insufficiencies,  although  their  mechanic  results  are  at  first  the 
same  as  those  produced  by  local  changes  in  the  valve.  The  custom  is  not 
to  include  them  in  the  ordinary  class  of  mitral  insufficiencies;  in  other 
words,  they  do  not  belong  "officially"  to  this  division  of  valvular  lesions. 

The  signs  which  mitral  insufficiency  produces,  so  long  as  it  is  com- 
pensated, are  as  follows:  Hypertrophy  of  the  right  ventricle  and  a  less 
marked  hypertrophy  accompanied  by  dilatation  of  the  left  ventricle; 
a  systolic  murmur  which  is  heard  most  distinctly  over  the  apex  of  the 
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heart;  and  an  increased  intensity  of  the  diastolic  tone  over  the  pulmonary 
artery.  The  general  health  is  not  at  all  impaired,  or  is  but  slightly  affected, 
through  the  fact  that  greater  demands  are  made  upon  the  respiration, 
just  as  soon  as  such  a  heart  must  work  more  vigorously. 

When  the  heart  muscle  fails,  then  all  the  s3nnptoms  of  insufficiency 
are  developed  in  proportion  to  the  degree  of  muscular  failure.  These 
s)anptoms  have  been  described  systematically  in  another  part  of  this 
work. 

The  effects  which  the  insufficiency  of  the  mitral  produces  upon  the 
circulation  as  a  whole  require  further  discussion.  Its  mechanic  results 
may  be  recognized  most  clearly  in  a  model  which  is  so  constructed  that  it 
allows  us  to  represent  the  essential  conditions  needed  for  the  maintenance 
of  cardiac  function,  both  in  the  normal  state  and  in  the  state  now  imder 
consideration.  The  apparatus  constructed  by  Fr.  Moritz*  meets  these 
requirements  most  satisfactorily.  Numeric  values,  such  as  those  which 
have  been  found  in  experiments,  are,  of  course,  only  of  relative  import- 
ance. They  show  the  changes  which  take  place  when  the  conditions  of 
valvular  actions  are  altered,  and  allow  us  to  draw  our  own  conclusions, 
whether  such  changes  are  apt  to  be  slight  or  marked.  These  conclusions, 
however,  cannot  be  opposed. 

The  following  results  were  obtained  in  experiments  with  mitral  in- 
sufficiency conducted  with  the  aid  of  the  model:  The  immediate  effect 
is  a  lowering  of  the  blood-pressure  in  the  aorta,  and  a  rise  of  this  pressure 
in  the  pulmonary  artery,  as  well  as  in  the  pulmonary  vein.  This  is  illus- 
trated in  Fig.  57  on  page  344.  While  these  changes  in  blood-pressure 
take  place,  the  amount  of  blood  expelled  from  the  right  ventricle  changes 
to  a  certain  extent  (in  the  experiment  of  which  we  are  speaking  here  it 
changed  from  2.7  to  2.2  c.c).  The  expulsion-volume  of  the  left  ventricle, 
on  the  other  hand,  is  markedly  increased  (from  2.7  to  5.8  c.c).  It  must 
be  noted,  however,  that  this  figure  for  the  left  ventricle  is  only  so  high 
in  the  model,  and  must  be  much  smaller  in  the  human  heart. 

The  left  ventricle  is  dilated  during  diastole  (in  the  experiment  the  dilata- 
tion amounted  to  not  quite  10  per  cent,  of  its  contents),  while  the  right 
ventricle  is  not  at  all  or,  in  other  experiments,  only  slightly,  enlarged. 

The  working  capacity  of  the  left  ventricle  increased  considerably 
(from  263  to  322  gram-centimeters).  That  of  the  right  ventricle  in  this 
experiment  was  slightly  lowered  (from  181  to  158  gram-centimeters), 
while  in  other  experiments  it  remained  unchanged.  Wien  the  expulsion- 
volimie  of  the  left  ventricle  was  increased,  then  not  only  was  an  increase 
of  the  aortic  pressure  to  its  normal  height  possible,  but  also  the  pressure 
in  the  pulmonary  returned  to  normal. 

In  experiment  No.  44,  performed  immediately  after  No.  43,  the  work  of  the  left 
ventricle  was  increased  from  322  to  410  gram-centimeters.  Then  the  relations  of 
pressure  were  changed,  as  Fig.  57  demonstrates. 

A  complete  compensation  can,  therefore,  be  produced  by  increasing 
the  volume  (dilatation)  and  by  increasing  the  working  capacity  (hyper- 
trophy) of  the  left  ventricle.  And  the  experiments  show  that  the  valvular 
lesion  itself  gives  rise  to  conditions  favorable  to  the  development  of  these 
two  elements  of  compensation. 

Moritz  explains  these  changes  in  the  following  way:   "Inasmuch  as 

♦"Ueber  ein  Kreislaufmodell  als  Hilfsmittel  fiir  Studium  und  Unterricht," 
"Deutches  Archiv  fUr  klinische  Medicin, "  1899,  vol.  Ixvi,  p.  349  et  seq. 
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the  left  ventricle  empties  a  part  of  its  contents  backward  into  the  auricle, 
the  amount  of  blood  and  the  pressure  in  the  latter  must  increase.    The 
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fluid  from  the  pulmonary  artery,  must,  in  consequence,  acciunulate,  and,  as 
the  result,  there  is  a  rise  of  pressure  in  the  entire  pulmonary  system.  Now, 
inasmuch  as  the  regurgitated  part  of  the  blood  sent  out  from  the  left 
ventricle  is  lost  for  the  aorta,  this  vessel  must  suffer  the  decrease  in 
amount  of  blood  and  pressure. 

"After  the  valvular  lesion  has  become  established,  and  after  the  con- 
ditions of  pressure  have  become  stationary,  the  expulsion-voliune  of  the 
right  ventricle,  the  valvular  apparatus  of  which  has  remained  unaffected, 
will  indicate  the  amount  of  the  fluid  which  passes  in  a  cross-section  of  the 
circulation  between  two  systoles.  For  the  same  amount  must  be  driven 
from  the  left  ventricle  into  the  circulation,  as  otherwise  no  stability  of 
pressure  could  exist.  The  difference  between  the  expulsion-volume  of  the 
left  ventricle  and  the  expulsion-volume  of  the  right  ventricle  is,  therefore, 
equal  to  the  amount  of  fluid  which  regurgitates." 

The  increase  of  the  expulsion-volume  from  the  left  ventricle  is  pro- 
duced as  the  result  of  the  fact  that  the  pressure  in  the  outflow  tube  of  the 
aorta  is  diminished,  while  it  increases  in  the  inflow  tube  of  the  pulmonary 
veins,  and  the  volume  of  the  ventricle  dining  diastole  increases. 

The  right  ventricle  does  not  change  in  volume,  for  the  reason  that  the 
sinking  of  the  aortic  pressure  compensates,  or  even  overcompensates,  the 
results  of  a  lessened  expulsion-volume  of  the  right  ventricle,  and  thus  keeps 
the  pressure  in  the  vena  cava  at  its  original  level. 

The  work  of  the  left  ventricle  is  considerably  increased,  because  this 
part  of  the  heart  must  propel  quantities  of  blood  against  the  pressure  in 
the  aorta  and  the  pressure  in  the  pulmonary  veins.  On  the  other  hand, 
the  work  of  the  right  ventricle  is  not  increased,  because  it  does  not  have 
to  propel  as  great  amounts  of  fluid,  although  it  has  to  work  against  the 
increased  pressure  in  the  pulmonary  artery  (in  this  experiment) . 

The  behavior  of  the  right  ventricle  is  not  reproduced  in  the  experiments  with 
the  model  exactly  as  we  find  it  in  the  heart  of  the  patient.  This  is  partly  due  to 
the  construction  of  the  apparatus,  the  defects  of  wnich  in  this  direction  have  been 
pointed  out  emphatically  by  Moritz  himself.  Thus  in  experiments  conducted  under 
other  conditions,  for  example,  with  a  larger  amount  of  fluid  in  the  entire  system, 
there  may  be  a  marked  increase  in  the  pressure  in  the  vena  cava,  and  a  dilatation 
of  the  right  ventricle  (experiments  45  and  46). 

The  results  of  these  experiments  correspond  very  closely  with  our 
experiences  at  the  bedside  and  the  autopsy  table.  It  remains  only  to 
discuss  somewhat  more  in  detail  what  occurs  in  the  right  ventricle:  *'In 
the  right  ventricle  a  dilatation  need  not  necessarily  take  place — at  any 
rate,  not  from  the  start;  nor  must  the  work  of  this  chamber  of  the  heart 
necessarily  be  increased.  Inasmuch  as  we  find  almost  regularly  a  hyper- 
trophy of  the  right  ventricle  in  our  clinical  work,  in  spite  of  these  facts 
there  remains  nothing  else  to  do  but  to  assign  the  cause  of  this  h3rpertrophy 
not  to  an  increased  work,  but  rather  to  the  increased  tension  under  which 
its  contractions  take  place  as  the  result  of  the  increased  pressure  of  the 
pulmonary  arteries." 

This  is  the  view  taken  by  Moritz,  and  is  but  another  expression  for  the 
usual  statement  that  the  right  ventricle  has  to  work  against  the  resistances 
which  are  increased  in  its  vascular  dependencies  (the  increased  tension). 
Such  resistances  evidently  are  offered  by  the  increased  pressure  in  the 
pulmonary  artery  itself. 

There  is  still  another  circumstance  which  affects  the  work  of  the  right 
ventricle,  and  which,  I  believe,  I  was  the  first*  to  point  out.    A  necessary 
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consequence  of  mitral  insufficiency  is  that  the  normal  bloodnstream  which 
is  led  through  the  pulmonary  artery  into  the  left  auricle,  and  the  abnormal 
recurrent  stream  from  the  left  ventricle,  must  interfere  with  each  other 
during  the  systole  of  both  ventricles — in  other  words,  the  two  streams 
literally  oppose  each  other,  and  therefore  uselessly  waste  a  part  of 
their  kinetic  energy.  Now,  as  the  left  ventricle  is  from  the  first  obliged 
to  do  a  larger  amount  of  work,  as  a  result  of  the  insufficiency  of  the  valve, 
the  right  ventricle  must,  for  this  reason  alone,  furnish  such  an  increased 
amount  of  work  that  it  becomes  hypertrophied  in  the  course  of  time. 

So  far  as  I  can  see,  Sahlif  is  the  only  author  who  indorses  this  view:  "In  mitral 
insufficiency  the  conditions  are  simpler,  inasmuch  as  here  both  ventricles  work 
directly  against  each  other,  as  the  result  of  the  insufficiency,  and,  therefore,  it  becomes 
immediately  clear  why  the  right  ventricle  is  allotted  more  work. " 

Of  course,  a  great  deal  will  depend  here  upon  the  degree  of  insufficiency 
of  the  mitral  valve  and  upon  the  amount  of  resistance  offered  by  the  re- 
gurgitant blood  from  the  left  ventricle.  K  we  suppose  that  the  valves 
had  been  completely  destroyed,  then  the  weakened  muscle  of  the  right 
ventricle  would  not  be  able  to  resist  the  muscularly  strong  left  ventricle 
for  any  length  of  time.  But  the  possibilities  which  may  be  imagined  when 
the  different  biologic  factors  come  into  play  are  so  numerous  that  a  deeper 
insight  into  these  relations  of  valvular  action  and  pressure  is  quite  hopeless 
in  my  opinion. 

As  a  matter  of  fact,  dilatation  is  added  usually  after  a  variable  time  to 
the  pure  hypertrophy  of  the  right  ventricle.  Yet  we  can  say  that  this 
dilatation  already  points  to  a  beginning  failure  of  compensation.  This 
was  first  pointed  out  by  WeilJ  and  afterward  by  Riegel.§ 

The  train  of  reasoning  is  as  follows:  When  compensation  is  complete, 
exactly  the  same  amount  of  blood  is  expelled  from  the  left  ventricle  as 
enters  into  the  right  auricle.  Therefore  no  accumulation  of  blood  can 
take  place  in  the  systemic  veins.  If  the  heart  begins  to  fail,  however, 
either  as  a  whole  or  in  any  of  its  parts,  such  a  venous  accumulation  does 
take  place.  Now,  the  effect  of  this  is,  first,  a  dilatation  of  the  right  auricle, 
which  receives  more  blood.  This  increased  amount  of  blood  goes  into  thfe 
right  ventricle,  which  is  more  extensively  dilated  by  the  increased  amount 
of  blood,  which  also  flows  under  higher  pressure  during  the  diastolic 
relaxation  of  that  chamber.  During  the  systolic  contraction  of  the  right 
ventricle  this  increased  amount  must  be  emptied  into  the  pulmonary 
artery.  In  this  manner  may  be  produced  fatigue  of  the  muscle,  increased 
stretching  of  the  wall,  and  permanent  dilatation  of  the  right  heart. 

The  right  auricle  must  undergo  the  same  changes.  This  would  be  an 
acceptable  explanation  of  the  process.  Yet  in  discussing  the  processes 
which  go  on  in  the  heart,  we  must  never  forget  that  thie  great  determining 
factor  is  the  question  as  to  whether  the  changes  in  the  heart  which  make 
compensation  possible  keep  pace  with  the  development  of  the  valvular 
lesion;  whether  the  musculature  of  the  part  of  the  heart  affected  in  each 
particular  case  is  from  the  first  capable  of  developing  sufficiently,  and  has 

*  "Lehrbuch  der  speciellen  Pathologic  und  Therapie,"  1886,  first  edition,  p.  433. 

t  "Lehrbuch  der  klinischen  Untersuchungsmethoaen,"  third  edition,  p.  339, 
Vienna,  1902. 

t"Zur  Lehre  von  den  Mitralklappeninsufficienz,"  "Berlin,  klin.  Wochen.," 
1881,  No.  7,  p.  89. 

§  "Zur  Lehre  von  den  Herzklappenfehlem,"  "Berlin,  klin.  Wochen.,"  1888,  No. 
20,  p.  395. 
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been  so  well  nourished  under  the  existmg  conditions  as  is  necessary  to 
enable  it  to  fulfil  all  that  is  required  of  it. 

Both  factors  are  biologic,  and  they  vary  widely  in  different  individuals. 
Therefore,  no  scheme  can  be  established  which  would  be  applicable  under 
all  conditions. 

The  impossibility  of  formulating  such  a  scheme  is  still  more  evident 
for  the  following  reason:  If  we  suppose  that  a  valvular  lesion  is  present, 
the  pathologic  disturbances  which  caused  it  are  still  active,  and  have  not 
by  any  means  always  disappeared.  They  persist  in  the  musculature  of  the 
heart,  in  the  vessels,  in  the  endocardium  as  well  ss  in  the  pericardium. 
In  such  cases  we  usually  find  progressive  inflammations  in  the  entire  organ, 
which  impair  the  nutrition  of  the  heart,  as  well  as  its  capacity  to  adapt 
itself  to  the  increased  amount  of  work  required  of  it.  To  what  extent  its 
nutrition  is  thus  interfered  with  depends  upon  the  behavior  of  the  per- 
manent lesion,  and  that  differs  in  every  case. 

Since  we  have  been  taught  concerning  these  processes  through  the 
beautiful  researches  of  Krehl,*  we  should  be  more  than  ever  on  our  guard 
against  considering  only  the  mechanic  conditions  in  our  study  of  valvular 
lesions. 

The  description  given  by  von  Baschf  is  as  follows:  When  the  right  ventricle 
retains  its  capacity  of  contracting  completely;  when  elasticity  of  its  (hypertro- 
phied)  musculature  is  increased  in  correspondence  with  the  increased  intracardial 
pressure,  the  diastolic  lumen  will  at  least  remain  the  same,  and  the  systolic  contraction 
will  remain  unchanged,  and  as  it  had  been  before  the  valvular  insufficiency  set  in. 

When  a  permanent  dilatation  of  the  right  ventricle  takes  place,  the  question 
is:  Why  does  this  cavity  in  such  cases  contain  the  larger  amounts  of  blooa  which 
it  permanently  holds  in  its  lumen?  Does  this  occur  because  a  larger  amount  of  blood 
streams  into  the  right  ventricle  from  the  veins,  or  because  the  ventricle  does  not 
empty  itself  completely,  i.  c,  only  a  portion  of  its  contents  which  enters  it  from 
the  right  auricle  is  propelled  into  the  pulmonary  arteries,  while  a  large  amount  of 
residue  remains  in  the  ventricle  itself.  Consideration  shows  that  the  first  supposition 
seems  to  be  absolutely  excluded;  for  it  is  imi)08sible  that  the  amount  of  blood  which 
flows  into  the  right  ventricle  from  the  arteries  or  the  veins  respectively  can  be  in- 
creased, inasmuch  as  the  flow  of  blood  into  the  systemic  vessels  is  diminished  as  the 
result  of  mitral  insufficiency.  The  (question  just  asked,  therefore,  can  only  be  answered 
by  supposing  that  the  increased  distention  of  the  right  ventricle  with  blood  depends 
upon  an  incomplete  contraction  of  that  cavity.     .     .     . 

It  must  be  obiected  against  this  proposition,  however,  that  an  increased  filling 
of  the  right  ventricle  from  the  systemic  veins  is  only  impossible  so  long  as  the  hyper- 
trophied  left  ventricle  remains  efficient.  The  incomplete  emptying  of  the  right 
ventricle  may  undoubtedly  become  important  in  the  origin  of  the  dilatation  of 
that  cavity.  But  then,  again,  biologic  factors — fatigue — play  a  role  in  the  develop- 
ment of  this  change. 

As  we  have  said  before,  a  dilatation  of  the  left  ventricle  takes  place  as  a 
direct  result  of  the  insufficiency.  The  heart  must  adapt  itself  to  the  new 
requirements  which  are  placed  upon  it — in  this  instance,  in  order  to 
propel  larger  amounts  of  blood  so  as  to  retain  the  normal  circulation  (see 
p.  320). 

This  form  of  dilatation,  which  is  styled  "active  or  compensatory"  by 
Krehl,  and  "primary^'  by  Sahli,  must  be  sharply  distinguished  from  the 
passive  dilatation  produced  by  the  stretching  of  the  wall  (relaxation  dila- 
tation according  to  Sahli).  The  active  form  is  not  a  pathologic  process. 
The  passive,  secondary  form  of  dilatation  occurs  in  the  left  ventricle  only 

♦"Beitrag  zur  Pathologie  der  Herzklappenfehler, "  "Deut.  Archiv  f.  klin. 
Med.,"  1890,  vol.  xlv,  p.  454. 

t  "Allgemeine  Physiologic  und  Pathologie  des  Kreislaufes, "  p.  115,  Wien,  1892. 
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when  its  musculature,  for  one  of  the  reasons  abready  discussed,  becomes 
less  efficient.  This  most  frequently  results  as  a  consequence  of  inflanama- 
tory  disturbances. 

No  characteristic  changes  occur  in  the  pulse  so  long  as  an  insufficiency 
of  the  mitral  is  sufficiently  well  compensated.  When  disturbances  in  the 
pulse  occur,  heart  weakness  has  abready  set  in. 

A  divereent  opinion  is  held  by  Carl  von  Noorden.*  He  finds,  in  marked  well- 
compensated  cases,  that  the  pulse  is  of  a  lower  tension  than  in  health;  that  the 
dicrotic  wave  is  larger  and  later,  and  that  the  elasticity  waves  are  weak  or  totally 
absent. 

It  is  assumed,  in  explanation,  that  the  arterial  system  also  takes  part  in  the 
compensation.  This  would  be  of  interest  theoretically,  out  I  think  that  examination 
by  means  of  the  sphygmograph  is  of  subordinate  importance  in  practice. 

To  sum  up:  As  a  permanent  effect  of  the  insufficiency  of  the  left 
auriculoventricular  valve  we  find  an  increased  amount  of  blood  under 
increased  pressure  in  the  entire  pulmonary  circulation.  It  is  by  no  means 
settled,  however,  whether  this  has  any  effect  upon  the  clinical  form  of 
mitral  insufficiency,  in  the  sense  that  this  valvular  lesion  produces  respira- 
tory difficulties  more  easily  than  other  forms.  We  will  be  inclined  to 
assume  this  if  we  accept  the  theory  concerning  the  significance  of  pulmo- 
nary swelling  and  pulmonary  rigidity  as  it  has  been  worked  out  by  von 
Basch.  I  have  abready  defined  my  own  position  on  this  particular  question 
(see  p.  124).  It  is  possible  that  the  greater  accumulation  of  blood  within 
the  pulmonary  vessel  favors  the  development  of  catarrh  in  some  way  or 
another.  What  we  do  know,  and  what  we  may  surmise,  have  been  dis- 
cussed in  another  place,  where  I  have  explained  how  much  influence 
heart  weakness  has  upon  the  tendency  to  catarrh  (see  p.  106). 

Anatomy  of  Mitral  Insufficiency. — Bamberger  describes  it  as  follows  if 
"The  endocardium  of  the  left  auricle  is  markedly  thickened,  opaque,  tough, 
often  tendinous .  Not  infrequently  these  lesions  are  also  slightly  developed 
in  the  serous  Uning  of  the  other  cavities  of  the  heart.  The  left  ventricle, 
as  a  rule,  is  somewhat  dilated,  while  its  walls  may  or  may  not  be  hyper- 
trophied.  Yet  the  enlargement  of  the  left  ventricle,  as  a  rule,  does  not 
reach  a  very  marked  degree,  unless  other  complications  are  present,  such 
as  an  affection  of  the  aortic  valves,  atheromatous  processes  in  the  arte- 
ries, or  disease  of  the  myocardium.  Not  infrequently,  even,  we  find  the 
left  ventricle  fairly  normal  in  appearance.  The  left  auricle  is  consider- 
ably dilated,  often  several  times  its  normal  size,  and  its  walls  are  thickened. 

"The  right  ventricle  and  the  right  auricle  are  both  dilated,  so  that  the 
right  side  of  the  heart  may  reach  twice  or  three  times  its  normal  volume, 
or  even  more.  Very  commonly  we  find  also  that  its  muscular  walls, 
especially  those  of  the  right  ventricle,  are  hypertrophied,  although  dilata- 
tion always  exceeds  hypertrophy,  both  in  constancy  and  in  degree,  and 
the  wall  of  the  right  ventricle  is  rarely  thicker  than  a  few  lines  (a  line  equals 
2.256  mm.). 

*•  The  dilatation  also  affects  the  pulmonary  veins,  which  empty  into  the 
left  auricle,  the  trunk  of  the  superior  and  inferior  vena  cava,  and  the 
pulmonary  artery,  which  often  considerably  exceeds  the  aorta  in  width. 
Very  often  the  walls  of  these  vessels  are  also  thickened;  their  intima  is 
rather  opaque  and  dull  in  appearance.    The  pulmonary  artery  especially, 

*  "Ueber  Beziehungen  zwischen  Pulsbildern  und  Herzklappenfehlem/'  "Charit4- 
Annalen,"  1890,  p.  188  et  seq, 

t  "Lehrbuch  der  Krankheiten  des  Herzens,"  p.  237  et  seq. 
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both  in  its  trunk,  and  even  more  so  in  its  branches,  is  often  in  a  state 
of  fatty  degeneration. 

''The  changes,  just  mentioned, in  the  size  of  the  various  portions  of  the 
heart,  produce  more  or  less  marked  deviations  in  the  shape  and  position 
of  the  organ.  Through  the  preponderating  development  of  the  right  half 
of  the  heart  this  organ  loses  its  rather  conic  shape,  with  its  apex  down- 
ward, and  assumes  a  more  spheric  form,  flattened  from  before  backward. 

"The  entire  region  of  the  apex  is  considerably  widened;  the  apex  itself 
is  no  longer  formed  by  the  left  ventricle  alone,  but  the  right  ventricle, 
which  extends  far  downward,  takes  part  in  its  formation;  in  fact,  in  some 
instances  the  apex  is  formed  by  the  right  ventricle  alone.  The  position 
of  the  heart  is  more  horizontal  than  normally,  and  the  more  the  right 
ventricle  and  auricle  become  enlarged  toward  the  right  and  downward, 
the  more  will  the  apex  of  the  heart  be  crowded  to  the  left.  The  more 
marked  the  enlargement  of  the  heart,  the  more  will  the  borders  of  the  lungs 
be  forced  outward,  and  even  the  diaphragm  will  be  somewhat  depressed." 

These  changes  in  the  size  and  shape  of  the  heart  produce  manifesta- 
tions which  become  evident  upon  ph3rsical  examination.    We  find: 

"The  precordiiun  is  often  more  prominent  than  normally,  and  fre- 
quently shows  systolic  and  diastolic  movements  in  the  intercostal  spaces 
on  the  left  side.  Unless  compUcations  arise,  the  pulsation  of  the  apex  is 
almost  always  displaced  backward,  imder  the  left  nipple,  or  more  fre- 
quently beyond  the  same,  V>ward  the  axilla.  The  apex-beat  is  diffuse,  so 
that  several  finger-tips  must  be  used  in  order  to  cover  it.  It  is  almost 
always  increased  in  intensity  to  a  variable  degree,  or  is  even '  tremulous '  in 
character,  but  is  heaving  only  in  exceptional  cases  when  no  complications 
are  present.  Not  infrequently  it  is  accompanied  by  a  systolic  tremor 
and  thrill. 

"Another  impulse  which  is  felt  just  as  distinctly,  or  at  times  even 
more  clearly,  than  the  apex-beat,  is  the  beat  which  we  often  feel  in  the 
epigastrium,  corresponding  to  the  h3rpertrophied  right  ventricle.  We 
must  not  be  led  by  this  into  assuming  that  the  apex  has  assumed  a  ver- 
tical position.  The  movements  of  the  heart  may  be  felt  frequently  over 
several  intercostal  spaces,  or  even  over  the  entire  precordial  region,  as 
concussions  or  as  alternating  rising  and  falling.  When  the  affection  is 
present  in  slight  degree,  or  when  complications  are  present,  all  the  signs 
thus  far  mentioned  may  be  absent." 

Hardly  any  essential  differences  from  this  description  may  be  found  in  the  works 
of  other  authors.  It  may  be  noted,  however,  that  some  later  writers  *  emphasize  the 
formation  of  the  apex-beat  as  produced  chieflv  by  hypertrophy  of  the  left  ventricle. 
In  general,  more  attention  has  been  paid  of  late  to  the  left  side  of  the  heart  than 
formerly.  The  reader  is  referred  to  the  description  given  by  Praentzel.f  Lieber- 
meister  has  included  hypertrophy  and  dilatation  of  the  left  ventricle  among  the 
characteristic  signs  onlym  his  ^'Grundrisse,"  while  these  signs  do  not  occupy  this 
position  in  his  "Lectures." 

"  Percussion  shows  an  increase  of  the  area  of  cardiac  dulness,  which  may 
vary  a  great  deal  in  degree.     In  the  milder  cases  we  find  that  only  the 

♦Romberg,  in  Ebstein-Schwalbe,  "Handbuch  der  praktischen  Medicin,"  vol. 
i,  Stuttgart,  1899,  Enke,  p.  812.  Krehl,  "Die  Krankheiten  der  Kreislauforgane, " 
p.  316,  in  v.  Mering's  "  Lehrbuch  der  inneren  Medicin,"  Jena,  1901,  G.  Fischer. 

t  "Vorlesungen  tiber  die  Entzilndungen  des  Endocardiums  und  des  Pericar- 
diums,''  "  Krankheiten  des  Herzens,"  Bd.  ii,  1891,  p.  145  et  seq. 

t  "Grundriss  der  inneren  Medicin,"  p.  173,  Tubingen,  1901,  Franz  Pietzcker. 
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horizontal  diameter  of  the  dulness  is  increased  at  the  level  of  the  fourth, 
fifth,  and  sixth  rib.  In  most  cases,  that  is,  in  the  more  severe  ones,  there 
is  also  an  increase  in  the  vertical  diameter,  which  is  quite  considerably 
enlarged,  and  this  is  explained  not  only  by  the  fact  that  the  dilated  right 
ventricle  increases  in  height,  but  still  more  by  the  dilatation  of  the  right 
auricle,  which  under  normal  conditions  is  quite  covered  by  the  lungs. 

"  Extreme  degrees  of  enlargement,  in  which  the  dulness  extends  for  a 
considerable  distance  into  the  right  side  of  the  chest  and  upward  to  the 
second  left  rib,  are  rarely  seen  without  complications.  In  the  great 
majority  of  cases  of  insufficiency  and  stenosis  of  the  mitral  valves  we  can 
assume  that  the  absolute  dulness  extends  vertically  from  the  third  to  the 
sixth  or  seventh  rib,  and  horizontally  from  the  right  sternal  border  to 
beyond  the  nipple-line.  The  dulness  in  each  direction  does  not  extend 
over  less  than  6  cm.,  and  does  not  easily  exceed  12  cm.  If  the  outlines 
be  marked  by  means  of  silver  nitrate,  it  will  be  seen  that  the  dulness 
becomes  wider  in  each  intercostal  space  from  above  downward,  but  that 
the  figure,  on  the  whole,  is  rounded  and  grows  narrower,  and  is,  therefore, 
not  regularly  conical,  as  in  pericardial  exudates." 

The  newer  methods  of  investigation,  especially  radiography,  have  not 
produced  any  essential  deviations  from  these  conclusions. 

'*  On  auscultation  we  hear  a  systolic  murmur  in  the  region  of  the  apex 
(sometimes  more  distinctly  a  little  above,  nearer  the  nipple).  The  inten- 
sity, pitch,  duration,  and  character  of  this  murmur  vary  so  markedly 
that  no  general  statement  can  be  made  concerning  these  features.  [In 
general,  it  is  remarkable  for  its  wide  transmission  to  the  left,  into  the 
axilla,  the  back,  or  up  to  the  left  clavicle.  In  their  experiments  on 
dogs,  MacCallum  and  Thayer  found  the  murmur  sometimes  trans- 
mitted by  the  pulmonary  veins  on  both  sides. — ^Ed.*]  This  murmur 
may  be  heard  alone,  without  any  systolic  tone,  or  else  the  latter  may 
be  heard  along  with  the  murmur,  in  varying  degrees  of  intensity  and 
pitch  [but  never  normal — ^Ed.].  The  sound  often  seems  to  be  produced 
only  by  the  systolic  shock  to  the  thorax  (metallic  click),  or  else  it  is  a 
true  valvular  sound,  produced  either  by  the  part  of  the  diseased  valve 
which  still  remains  capable  of  vibration,  or  by  a  neighboring  normal 
valve. 

'*  The  relations  of  the  sound  to  the  murmur  vary  a  great  deal.  In  most 
cases  the  latter  follows  the  former  (perisystoUc  murmur),  but  the  murmur 
may  also  precede  the  sound  by  a  very  short  space  of  time  (presystolic 
murmur) ,  or  in  still  other  cases  the  sound  itself  merges  into  a  murmur  at  its 
beginning  and  at  its  end.  In  such  cases  it  is  often  difficult  to  determine 
whether  the  murmur  is  not  diastolic,  unless  the  heart's  action  be  very  slow. 

"  It  occurs  not  infrequently  that  the  murmur  disappears  entirely  for 
longer  or  shorter  intervals,  and  is  replaced  by  a  more  or  less  distinct  tone 
or  by  a  muffled  sound.  Sometimes  a  reduplicated  tone  is  heard  instead 
of  the  murmur,  but  it  is  rare  to  find  that  the  murmur  is  absent  through  the 
entire  course  of  the  disease,  or  that  neither  a  sound  nor  a  murmur  is  heard 
over  the  left  ventricle.  The  second  sound  is  heard  distinctly  over  the  left 
ventricle  unless  a  complicating  stenosis  is  present.  In  some  cases  it  is 
increased  in  intensity  (and  is  then  usually  transmitted  from  the  pulmonary, 
artery).    On  the  other  hand,  it  is  sometimes  very  faint  or  even  inaudible. 

•'The  other  valvular  sounds  usually  do  not  show  anything  abnormal, 

*  "Experimental  Studies  of  Cardiac  Murmurs,"  "American  Journal  of  the  Medi- 
cal Sciences,"  February,  1907. 
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with  the  exception  of  the  second  pulmonary;  but  it  often  happens  that 
the  murmur  produced  in  the  mitral  is  transmitted  to  the  other  valves, 
and  therefore  covers  or  accompanies  the  first  sound.  In  such  cases  it 
is  not  always  easy  to  recognize  the  murmur  as  a  transmitted  one  and  to 
exclude  the  presence  of  complications. 

''Yet  the  transmitted  murmur  is  distin^ished  through  the  fact  that  its  quality 
(timbre)  is  everywhere  the  same;  that  its  intensity  decreases  in  direct  proportion 
with  the  distance  from  the  place  of  origin,  and  that  we  usually  are  able  to  hear  the 
normal  sounds  over  the  respective  valves  (aorta,  tricuspid)  or  nearly  over  them 
in  a  fairly  pure  state,  without  accompanying  murmurs,  while  we  cannot  do  this,  as  a 
rule,  when  the  murmur  arises  in  these  valves  themselves. 

"Such  a  systolic  mmmur  is  most  frequentlv  heard  over  the  pulmonary  artery, 
and  Skoda  formerly  explained  this  by  a  relaxation  of  the  inner  waU  of  the 
artery.  This  murmur  very  often  is  transmitted,  a  fact  which  may  be  explained, 
according  to  J.  Meyer,  by  the  iwt)ximity  of  the  pulmonary  artery  to  the  outer- 
most portion  of  the  left  venous  orifice.  Yet  the  murmur  is  not  always  transmitted; 
for  frequently  it  differs  in  character  quite  markedly  from  the  murmur  which  arises 
in  the  mitral  valve,  and  it  is  very  probable  that  it  arises  in  .such  cases  in  irregular 
vibrations  of  the  dilated  pulmonary  artery  itself,  the  walls  of  which  have  lost  their 
tonicity. 

"One  of  the  most  important  signs  is  the  one  first  described  by  Skoda, 
namely,  the  increase  in  the  intensity  of  the  second  pulmonary  sound, 
which  is  at  times  so  marked  that  the  sound  resembles  the  beat  of  a  ham- 
mer, and  can  even  be  felt  distinctly  with  the  finger  applied  over  the  chest. 
In  advanced  cases  the  pulsation  of  the  pulmonary  artery  is  even  visible 
on  the  thoracic  wall.  The  reason  for  this  lies  in  the  dilatation  of,  and  the 
increased  hydrostatic  pressure  in,  the  pulmonary  artery,  whereby  the 
recoil  against  its  valves  is  increased.  Yet  we  would  be  in  error  if  we 
should  believe  that  this  symptom  occurs  with  absolute  constancy;  for, 
on  the  one  hand,  the  dilatation  of  the  artery  is  not  alwa)rs  sufficiently 
marked,  and,  on  the  other  hand,  the  pressure  may  be  lowered  considerably 
even  when  this  is  the  case,  through  the  lessened  contraction  of  the  right 
ventricle,  and  partly  through  the  weakening  of  the  walls  of  the  pulmonary 
artery  itself. 

"Thus,  it  frequently  happens  that  this  symptom  is  absent  for  con- 
siderable periods.  We  find  this  especially  when  we  examine  such  patients 
when  their  heart's  action  is  excited,  and  when,  evidently,  the  right  ven- 
tricle is  able  to  drive  only  a  small  portion  of  its  contents  into  the  artery, 
owing  to  the  short  and  rapid  contractions.  If  such  patients  be  examined 
at  another  time,  when  their  heart's  action  has  become  quiet,  then  the 
accentuation  of  the  second  sound  becomes  quite  distinct.  Therefore  the 
absence  of  this  symptom  is  by  no  means  a  valid  proof  against  the  presence 
of  a  mitral  valvular  lesion." 

The  essential  facts  were  noted  quite  completely  by  Bamberger,  and 
not  many  new  data  can  be  added.  Yet  there  has  been  no  lack  of  efforts 
at  other  interpretations,  and  we  must  discuss  some  of  these. 

In  the  first  place,  there  is  the  question  as  to  where  a  systolic  murmur 
can  be  heard.  It  is  sometimes  heard  in  the  second  left  intercostal  space, 
more  distinctly,  or  at  least  just  as  distinctly,  as  at  the  apex.  This  is 
explained  as  follows  by  Naun}^.* 

"The  origin  of  the  murmur  must  be  sought  in  the  left  auricular  ap- 

*  "Ueber  den  Grund,  weshalb  hin  und  wieder  das  systolische  (jerfiusch  bei  den 
Mitralinsufficienz  am  lautesten  in  der  Gregend  der  Pulmonalklappe  zu  vemehmen 
ist,"  "Berliner  klin.  Wochen.."  1868,  No.  17,  pp.  189, 190. 
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pendage,  which  passes  around  the  pulmonary  artery  at  a  distance  of  about 
two  inches  (5.4  cm.)  beyond  the  left  sternal  border,  and  comes  closest 
to  the  thoracic  wall.  The  murmur  is  best  transmitted  with  the  systolic 
recurrent  blood-stream  which  causes  it,  and  is  transmitted  in  the  direction 
of  this  stream.  Therefore  it  is  louder  there  than  at  the  apex."  Naunyn 
convinced  himself,  by  measurements,  that  the  auricular  appendage  varies 
in  length  in  different  individuals.  When  it  is  shorter,  it  does  not  approach 
the  chest-wall  so  closely,  and  therefore  does  not  offer  conditions  which  are 
as  favorable  for  the  transmission  of  a  murmur.  This  explains  why  we  do 
not  regularly  hear  this  systolic  murmur  loudest  over  the  left  auricle.  This 
view  has  now  been  generally  adopted. 

Curschmann*  has  added  the  following  to  this  interpretation:  Accord- 
ing to  his  observation  the  systolic  murmur  is  audible  at  this  place  chiefly 
in  fresh  cases  of  valvular  lesions,  and  less  frequently  in  cases  which  have 
lasted  for  some  time.  In  the  latter  it  gradually  disappears  from  this 
localization,  and  moves  once  more  toward  the  apex. 

He  believes  that  this  is  due  to  the  fact  that  the  left  auricle,  and  with 
it  the  auricular  appendage,  is  often  considerably  dilated  in  the  beginning, 
and  thus  approaches  the  chest-wall.  Later  on,  when  the  right  side  of 
the  heart  becomes  hypertrophied,  the  entire  left  side  of  the  heart 
recedes  from  the  thoracic  wall. 

S)rstolic  concussion  of  the  thorax  is  said  to  produce  sj^tolic  sounds, 
as  the  result  of  the  vibration  of  the  thoracic  wall,  i.  c,  essentially,  of  the 
ribs.  These  sj^tolic  sounds  are  audible  with  the  murmurs.  At  times 
a  loud,  dull  sound  is  heard  even  at  some  distance  from  the  patient  (1 
meter  or  more).  If  vahnilar  murmurs  are  present  at  the  same  time, 
they  can  only  be  made  out  through  the  stethoscope  applied  to  the  chest, 
while  the  soimd  then  appears  fainter  than  the  murmurs.  This  sound 
occurs  only  when  the  he^'s  action  is  rather  vigorous,  and  is  probably 
muscular  in  origin. 

I  have  observed  this  phenomenon  bv  no  means  as  rarely  in  old  fixed  mitral  in- 
sufficiency as  in  mitral  lesions  resulting  from  a  fresh  endocarditis,  and  have  demon- 
strated it  to  my  pupils.  I  have  noticed  particularly  the  weakening  of  the  tone  when 
immediate  auscultation  is  practised  over  the  chest.  I  do  not  find  this  mentioned, 
however,  in  the  exhaustive  treatise  of  Ebstein.f 

A  metallic  tone  may  arise  through  resonance  in  cavities  filled  with  air 
in  the  neighborhood  of  the  heart  (stomach,  intestines,  cavities  in  the  lungs, 
or  pneumothorax),  whenever  the  physical  conditions  are  favorable.  In 
general,  however,  such  conditions  do  not  occur  very  of  ten.  J 

What  Bamberger  states  concerning  the  time-relation  of  the  murmur, 
and  the  tone,  which  possibly  may  be  endocardial  also,  are  facts  which 
are  well  known  to  every  experienced  physician.  Many  explanations 
have  been  attempted  for  this  which  it  is  not  necessary  to  discuss  here. 
On  the  other  hand,  I  shall  mention  briefly  the  relations  of  palpable  thrill 
to  the  audible  murmurs. 

*  **  Ueber  eine  eigenthttmliche  Localisation  des  systolischen  Gerftusches,  besondcrs 
bei  frischen  MitraUclappenfehlem,"  "Arbeiten  aus  der  medicinischen  Klinik  in 
Leipzig,"  pp.  231  at  seq.,  Leipzig.  1893,  F.  C.  W.  Vogel. 

t  "Uefeerdieauf  grOssere  Entfemung  vom  Kranken  hdrbaren  Tdneund  Gerausche 
des  Herzens  und  der  Brustaorta,"  "Deut.  Archiv  klin.  Med.,"  1878,  vol.  xxi,  pp. 
113  fT. 

t  Cf,  Leichtenstem,  "Ueber  einige  physikalisch-diagnostische  Phiinomene," 
"Deut.  Archiv  f.  klin.  Med.,"  1878,  vol.  xxi,  pp.  148 fif. 
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At  times  we  do  not  feel  the  thrill,  although  we  hear  a  rather  loud 
murmur.  This  may  be  due  to  the  fact  that  the  force  which  gives  rise 
to  both  phenomena  is  sufficient  to  affect  the  more  easily  excitable  acoustic 
nerve,  but  not  the  sensory  nerves  of  the  skin.  A  thrill  may  occur  without 
an  audible  murmur,  but  I  believe  that  such  a  thrill  arises  through  an 
irregular  contraction  of  the  individual  muscle-fibers  of  the  heart.  In 
such  cases  the  conditions  of  conduction  for  the  propagation  of  the  soimds 
through  the  thorax  are  probably  especially  favorable.  In  what  way 
they  become  favorable  we  cannot  determine. 

Diagnosis. — ^The  signs  by  which  an  insufficiency  of  the  mitral  valve 
is  recognized  include  an  enlargement  of  the  cardiac  dulness,  rather  more 
markedly  in  the  transverse  diameter  than  in  the  vertical  direction;  a 
slight  displacement  of  the  apex  to  the  left;  a  s3rstolic  murmur,  loudest 
at  the  apex,  and  an  increase  of  the  diastolic  tone  over  the  pulmonary 
artery. 

As  I  have  stated  above  (see  p.  346),  the  enlargement  of  the  cardiac  dulness 
may  be  regarded  as  a  sign  of  beginning  loss  of  compensation  and  of  passive  dilatation 
of  the  cavity  of  the  right  side  of  the  heart.  Hypertrophy  of  this  side  of  the  heart 
alone  cannot  produce  an  increase  in  the  transverse  diameter;  for  the  thickness  of 
the  heart-wall  is  not  sufficiently  great  on  that  side  to  do  this.  In  practice,  however, 
we  are  justified  in  including  this  enlargement  of  the  dulness  in  the  symptomatology, 
because  it  occurs  so  frequently,  and  it  does  not  necessarily  coincide  witn  other  signs 
of  heart  weakness. 

Even  when  all  these  signs  are  present,  the  diagnosis  is  not  absolutely 
certain.  Chlorosis  must  be  named  in  the  first  rank  of  diseases  whidi  may 
be  mistaken  for  mitral  insufficiency.  A  loss  of  hemoglobin,  such  as 
characterizes  chlorosis,  is  also  the  basis  of  the  symptoms  that  simulate 
mitral  insufficiency.  An  enlargement  of  the  cardiac  dulness  may  also 
be  brought  about  by  retraction  of  the  lungs  and  by  the  high  position  of 
the  diaphragm,  due  to  superficial  breathing.  Corresponding  to  the  posi- 
tion of  the  heart,  the  right  side  of  this  organ  is  more  markedly  affected 
by  this  change  than  the  left,  and  thus  a  greater  enlargement  takes  place 
in  the  transverse  direction  than  in  the  vertical,  although  the  dulness  is 
also  enlarged  vertically.  The  lung  also  recedes  from  the  pulmonary 
artery,  which  may  be  seen  pulsating  in  the  second  left  intercostal  space. 
The  diastolic  closure  of  the  valves  may  also  be  felt,  and  its  accompanying 
sound  may  be  clearly  heard  not  at  all  rarely  louder  than  the  sound  of 
closure  over  the  aorta.  The  apex-beat  is  also  displaced  to  the  left,  but 
rather  more  markedly  upward,  into  the  fourth  intercostal  space,  because 
the  diaphragm  is  high,  than  downward,  into  the  sixth. 

It  is  well  known  that  chlorotic  patients  often  exhibit  systolic  murmurs 
over  the  apex  and  the  pulmonary  artery  [sometimes  transmitted  to  the 
left  axilla  and  the  back — Ed.].  When  their  heart's  action  is  excited,  a 
sjrstolic  thrill  can  not  infrequently  be  felt  at  the  apex,  produced,  as  I 
have  stated  before  (see  above),  in  all  probability  through  a  not  quite 
regular  contraction  of  the  muscles.  Thus,  we  have  all  the  signs  of  mitral 
insufficiency  on  physical  examination,  and  even  the  subjective  symptoms 
— palpitation,  dyspnea,  a  feeling  of  anxiety,  or  at  least  of  oppression,  such 
as  are  present  in  a  chronic  endomyocarditis,  also  occur  in  chlorosis. 

We  can  protect  ourselves  against  confounding  these  two  conditions 

by  causing  a  more  marked  expansion  of  the  lungs.    In  most  cases  it  will 

suffice  if  we  urge  the  patient  to  take  deep  breaths.    The  patients  must 

be  examined  out  of  bed  and  must  remove  everything  in  the  way  of  clothing 
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that  may  hinder  the  expansion  of  the  thorax.  They  should  be  told  to 
support  themselves  against  a  solid  object,  so  that  they  may  give  play  to 
the  muscles  of  the  shoulder-girdle  which  are  employed  in  respiration. 
They  must  then  be  asked  to  breathe  in  and  out,  following  the  movements 
of  the  examiner's  finger  which  is  held  before  them.  In  this  manner  we 
usually  succeed  in  a  few  minutes  in  so  expanding  the  lungs,  at  least 
transiently,  that  they  again  cover  the  heart  and  make  the  area  of  dulness 
smaller  and  the  phenomena  at  the  pulmonary  artery  less  distinct.  Regu- 
lar breathing  exercises  then  will  lead  to  a  permanent  improvement  of  all 
the  symptoms  which  depend  upon  superficial  breathing. 

In  these  cases  it  is  also  of  the  greatest  importance  to  determine  the 
boundary-line  between  the  liver  and  the  lung.  I  have  already  emphasized 
elsewhere  (see  p.  328)  how  important  it  is  to  determine  this  boundary 
in  any  examination  of  the  heart. 

This  interpretation,  which  I  have  followed  since  1868,  has  now  been  generally 
adopted.  Referring  the  reader  to  the  lucid  and  thorough  treatment  of  this  subject 
by  Carl  von  Noorden,*  I  only  add  that  the  measurements  of  the  size  of  the  heart 
according  to  Moritz,  as  they  were  made  in  Merkel's  clinic^f  show  that  the  heart  is 
not  enlarged  in  chlorosis,  but  is  placed  in  an  abnormal  position  owing  to  the  con- 
traction of  the  lung  and  tne  high  position  of  the  diaphragm. 

Since  attention  has  been  paid  to  the  enlargement  of  the  left  side  of 
the  heart,  especially  of  the  left  ventricle,  it  has  become  important  for 
the  differential  diagnosis  of  the  cases  which  have  been  caused  by  pulmo- 
nary retraction  to  determine  accurately  the  position  of  the  apex-beat.  We 
may  assume  that  a  true  enlargement  is  present  only  when  the  apex  has 
been  displaced  downward.    A  displacement  outward  only  is  not  sufficient. 

Other  forms  of  anemia  may  lead  to  conditions  similar  to  those  in 
chlorosis,  but  they  rarely  lead  to  a  clinical  picture  which  simulates  mi- 
tral insufficiency  in  every  symptom  ss  does  chlorosis. 

The  physician  who  lays  too  great  stress  upon  the  systolic  murmurs 
in  the  diagnosis  of  mitral  insufficiency  will  often  commit  errors. 

I  have  already  warned  (see  p.  330)  against  overestimating  the  auscultatory 
signs;  but  I  must  again  return  to  this  topic  because  these  murmurs  ard  still  falsely 
estimated  in  the  diagnosis  of  this  condition.  Not  only  older  ohysicians  find  it 
difficult  to  appreciate  the  significance  of  the  musculature  of  tne  heart,  for  the 
valvular  lesion  itself  still  plajrs  the  principal  rdle,  and  with  it,  the  question  as  to 
whether  murmurs  are  present.  Sjrstolic  murmurs  over  the  apex  are  the  most  im- 
portant of  these  murmurs  which  are  regarded  as  diagnostic,  and  when  they  are  pres- 
ent, a  conclusion  is  but  too  easily  drawn  as  to  the  existence  of  anatomic  changes  in 
the  mitral  valve. 

Let  US  look  a  little  more  closely  at  this  subject,  in  order  to  gain  a  clear 
conception  of  the  true  significance  of  murmurs  in  diagnosis.  Does  the 
detection  of  a  85^tolic  murmur  necessarily  inform  us  as  to  how  this  mur- 
mur has  originated  ?  Various  special  features  have  been  attributed  to 
the  murmur  which  depends  upon  permanent  tissue  changes,  which  features 
have  been  said  to  give  something  characteristic  to  such  murmurs.    Von 

*  "Chlorosis."  in  volume  on  ''Diseases  of  the  Blood,"  English  edition,  "Noth- 
nacel's  Practice. " 

t  Dr.  Wilhelm  v.  Ebner,  "Klinische  Mittheilungen  tlber  Bleichsucht,"  "Fest- 
schrift," in  celebration  of  the  fiftieth  anniversary  of  the  Medical  Society  of  NOm- 
berg,  Communication  from  the  General  Municipal  Hospital  at  NUmburg,  1902, 
p.  39  et  seq. 
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Leube*  not  long  since  treated  this  question  in  considerable  detail, 
but  has  not  solved  it.  Thus,  he  sa3rs  in  one  place  if  *'To  begin  with, 
as  regards  the  intensity  of  the  mm-murs,  my  experience  teaches  that  it 
is  quite  indifferent  for  diagnosis  whether  the  murmur  is  loud  or 
faint."  Further  on  he  says: J  "Only  the  intensity  of  the  murmur  is 
somewhat  characteristic  as  contrasted  with  the  murmur  found  in  func- 
tional mitral  insufficiency,  a  louder  murmur  occurring  but  rarely  in  the 
latter,  and  when  it  does  occur,  it  speaks  in  favor  of  endocarditis."  We 
see,  therefore,  that  even  von  Leube  has  not  been  able  to  establish  a  really 
fixed  rule.  The  same  is  true  of  the  other  physical  signs,  which  have  been 
mentioned  in  differentiating  functional  from  organic  murmurs:  In  per- 
manent organic  lesions  of  the  mitral  the  murmurs  are  said  to  be  constant — 
that  is,  to  make  the  same  impression  upon  the  ear  at  all  times,  while  in 
functional  disturbances  the  impression  undergoes  frequent  changes. 

In  organic  affections  of  the  mitral  the  murmurs  are  said  to  be  loudest 
at  the  points  of  election  for  auscultation,  and  possibly  to  be  limited  to 
these  points,  while  in  functional  affections  they  are  more  wide-epread 
over  the  heart. 

The  systolic  murmur  has  its  full  diagnostic  importance  so  long  as  the 
insufficiency  of  the  mitral  is  present  in  a  well-nourished  heart  which  has 
remained  free  from  other  tissue  changes.  This  is  changed,  however,  as 
soon  as  the  heart  muscles  begin  to  take  part  in  the  process  to  any  extent. 
Then,  so  many  and  such  varying  auditory  impressions  are  made  by  these 
murmurs  that  the  differential  points  mentioned  above  become  alto- 
gether worthless. 

The  question  as  to  whether  an  endocarditis  is  present,  making  the 
mitral  insufficient,  or  whether  an  endocarditis  had  been  present  elsewhere, 
and  now  is  reciuring  at  the  mitral,  is  very  often  difficult  to  answer,  or 
even  impossible.  In  general,  I  may  be  allowed  to  refer  to  my  discussion 
of  the  subject  in  another  part  of  this  work  (p.  291). 

It  is  certainly  of  value  in  determining  the  character  of  the  insufficiency 
of  the  mitral  valve  to  find  out  by  questioning  the  patient  whether  he  had 
formerly  suffered  from  acute  articular  rheumatism  or  from  a  septic  infec- 
tion. Yet  we  should  not  attribute  too  great  importance  to  this  point, 
neither  when  "yes"  is  answered  nor  when  the  history  is  negative  as  to 
these  previous  diseases. 

I  append  the  history  of  a  case  which  I  recently  observed,  and  which 
shows  that  I  made  a  gross  error  in  the  diagnosis,  although  I  had  tried  my 
best  in  this  particular  case  to  avoid  all  the  stumbling-blocks. 

Case  I. — Mrs.  M.,  aged  fifty-three  years,  laundress,  admitted  May  16,  1902. 
During  the  entire  winter  she  suffered  from  frequent  palpitation,  anxiety,  and  cough. 
Treatment  in  the  Policlinic  for  several  weeks  brought  about  improvement,  though 
only  temporarily.    Today  she  had  an  attack  of  suffocation. 

Seven  years  ago  this  patient  had  an  attack  of  severe  acut«  articular  rheumatism, 
and  one  by  one  many  of  her  joints  (the  patient  says  aU  her  joints)  were  affected.  She 
was  in  bed  twenty-one  weeks,  but  does  not  know  whether  there  was  anything  the 
matter  with  the  heart  at  the  time  (she  was  under  the  care  of  a  physician).  Since 
then  she  has  been  subject  to  palpitation  of  the  heart  on  slight  provocation,  and  has 
felt  weaker  in  general,  but  has  never  had  swollen  feet. 

The  patient  presented  signs  of  marked  heart  weakness.    Cyanosis,  venous  pulse 

*  "Zur  Diagnose  der  systolischen  Herzgerfiusche,"  "Deut.  Archiv  f.  klin.  Med.," 
1896,  vol.  Iviii,  pp.  225  ff. 

t  P.  227,  where  "  accidental"  anemic  murmur  is  spoken  of. 

t  P.  230.     Here  he  refers  to  mitral  insufficiency  from  endocarditis. 
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at  the  iugular;  very  marked  edema  of  both  legs;  slight  swelling  of  the  left  hand. 
The  pulse  was  small,  easily  compressed,  somewhat  irregular  in  both  volume  and  fre- 
quency. When  counted  at  the  radial,  the  pulse  was  40,  while  on  auscultation  of  the 
heart  it  was  44,  both  counts  being  taken  in  the  same  twenty  seconds.  There  waa 
no  atheroma  in  the  peripheral  arteries. 

The  boundaries  of  the  heart  extended  on  the  left  side  above  from  the  lower 
border  of  the  second  rib;  on  the  right  about  a  finger-breadth  beyond  the  right  sternal 
border,  while  the  apex-beat  was  somewhat  diffuse  and  the  apex  itself  seemed  to  lie 
in  the  mammillary  line  behind  the  sixth  rib.  On  auscultation,  a  loud  systolic  blowing 
murmur,  loudest  at  the  apex,  was  made  out,  but  extending  diffusely  over  the  anterior 
surface  of  the  thorax  in  the  cardiac  region.  The  aortic  tones  were  quite  faint;  the 
diastolic  tone  over  the  pulmonary  slightly  accentuated  in  comparison  with  that  over 
the  aorta.  The  boundary  between  the  lung  and  the  liver  ant^riorlv  was  at  the  lower 
border  of  the  sixth  rib.  Pulmonary  resonance  on  x)ercus6ion  behind  on  both  sides 
at  the  level  of  the  tenth  or  eleventh  thoracic  vertebra. 

The  respiration  was  33,  and  there  was  inspiratory  dyspnea.  The  weak  respirar 
tory  murmur  was  accompanied  by  fine  moist  rfiJes  over  Doth  posterior  thoracic  sur- 
faces, while  over  the  rient  there  was  a  fairly  marked  dulness  extending  from  the 
sixth  vertebra  downward.  Above  there  were,  on  both  sides,  occasional  sibilant  and 
large  moist  r&les. 

There  was  no  ascites;  the  liver  was  slightly  enlarged,  but  not  painful  on  pressure. 
The  spleen  was  of  normal  size.  The  urine  had  a  specific  gravity  of  1019;  there  was 
a  trace  of  albumin,  no  sugar,  and  no  diazo  reaction. 

The  treatment  consistea  in  the  proper  dietetic  regimen,  and  also  in  the  adminis- 
tration of  digitalis.    The  course  of  tne  disease  was  as  follows: 

The  boundaries  of  the  heart  remained  unchanged  until  the  death  of  the  patient^ 
which  occurred  on  June  29th.  The  loud  systolic  murmur  was  also  essentially  un- 
changed to  the  end,  save  that  at  first  it  seemed  to  me  that  it  varied  in  its  quabty  at 
times.  For  a  few  days  when  the  action  of  the  digitalis  was  at  its  height,  the  sounds 
over  the  aorta  became  louder  and  the  accentuation  of  the  diastolic  pulmonary  sound 
became  less  marked.  It  was  quite  distinct,  however,  during  the  rest  of  the  time. 
The  signs  of  cardiac  weakness  increased  on  the  whole  with  slight  variations,  al- 
though this  increase  was  very  slow.  The  secretion  of  urine  may  be  taken  as  a  measure 
of  this.     It  was  as  follows: 

In  the  week  from  May  27th  to  June  2d,  the  daily  excretion  was  860  c.c. 

In  the  week  from  June  3d  to  June  9th  it  was  1010  c.c. 

In  the  week  from  June  10th  to  June  16th,  940  c.c. 

In  the  week  from  June  17th  to  June  23d,  930  c.c. 

The  frequency  of  the  pulse  also  only  varied  during  the  entire  period  of  observation  . 
between  102  and  120.  The  respiration  varied  somewhat  more  markedly — that  is, 
from  30  to  42  so  long  as  the  patient  suffered  from  nothing  but  the  moderate  bronchial 
catarrh.  The  temperature  varied  considerably:  the  maximum  on  nine  dajrs  was. 
38.7®  C.  (101.6®  F.)  from  May  23d  to  June  5th.  From  June  6th  to  June  24th  a  maxi- 
mum of  39.1°  C.  (102.4**  F.)  was  reached  on  two  days.  During  the  eleven  days  which 
preceded  death  no  fever  whatever  was  noticed.  Then  followed  a  period  accompanied 
by  erysipelas  (which  led  to  a  fatal  end)  during  which  the  fever  was  higher. 

For  a  short  time  (June  12th  to  15th)  repeated  diarrheas  occurred,  accompanied 
on  the  first  day  by  a  sudden  rise  of  temperature  to  39.1®  C.  (102.4®  F.^.  These  disap- 
peared later  on.  An  erysipelas  developed  at  various  points  in  the  skin  on  the  right 
thigh  and  the  left  leg,  where  the  skin  had  broken  as  the  result  of  anasarca.  On  the 
day  preceding  death  the  signs  of  an  area  of  consolidation,  not  quite  reaching  the 
pleura,  appeared  in  the  upper  lobe  of  the  right  lung. 

I  was  at  first  inclined  to  regard  this  case  as  one  of  muscular  insufficiency  of  the 
mitral,  and  onlv  the  circumstance  that  the  murmurs  could  be  heard  so  constantly 
and  uniformly  ^or  such  a  length  of  time,  as  well  as  the  fact  that  there  was  no  doubt 
as  to  the  previous  existence  of  a  severe  acute  rheumatism,  made  me  doubt  more 
and  more.  In  addition,  there  was  also  the  question  as  to  whether  a  recurrence  of 
an  old  endocarditis  had  taken  place. 

The  peculiar  distribution  of  the  temperature,  the  apparently  uncalled-for  varia- 
tion in  the  fever,  and  the  fresh  focus  in  the  lungs  led  me  to  think  of  this. 

The  clinical  diagnosis,  therefore,  was  as  follows:  Old  valvular  lesion — chiefly 
mitral  insufficiency.     Recurrent  endocarditis  (?) . 

The  autopsy  (Professor  von  Baumgarten)  showed  a  moderate  dilatation  and 
hypertrophy  of  the  heart,  with  a  displacement  outward  and  downward  of  the  apex, 
which  was  formed  by  the  right  ventricle.  But  no  changes  were  discovered  at  the 
mitral  valve.     The  papillary  muscles  and  the  trabecuUe  of  the  left  side  of  the  heart 
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were  slightly  hypertrophied.    The  lungs  were  moderately  emphysematous.    The 
other  features  of  the  autopsy  are  of  no  importance  here. 

There  was  a  freshly  generalized  old  primary  tuberculosis  of  the  lymphatic  glands. 

Such  ifiistakes  are  made  often  enough.  We  still  venture  on  the  path 
that  leads  to  the  swamp  in  which  we  have  often  enough  sunk  before. 
And  yet  on  calm  consideration  we  must  say  that  a  diagnosis  which  is 
just  as  frequently  correct  as  incorrect,  and  in  which  we  find  no  reason  why 
it  is  right  in  one  case  and  wrong  in  another,  should  generally  be  avoided 
and  should  be  replaced  by  an  ''  I  don't  know."  We  may,  however,  seize 
the  fact  that  the  mitral  valve  does  not  close  and  may  simply  set  up  insuffi- 
ciency as  a  clinical  diagnosis. 

HITRAL  STENOSIS- 

Stenosis  of  the  mitral  orifice  is  caused,  as  a  rule,  by  endocarditis. 
The  valves  which  have  become 
stiff,  shrunken,  possibly  calci- 
fied, are  no  longer  able  to  lie 
against  the  wall  of  the  ventricle 
during  diastole.  The  flaps, 
therefore,  project  into  the  ori- 
fice and  thus  cause  a  stenosis. 

More  marked  alterations  de- 
pend upon  adhesions  of  the 
valvular  flaps  at  their  free  bor- 
ders. Then,  nothing  but  a 
short  narrow  slit  remains  open 
for  the  passage  of  blood. 

InsuflSciency  of  the  mitral 
accompanies  stenosis  of  this 
orifice.  In  proportion  as  the 
latter  increases,  the  former  be- 
comes less  important,  until  we 
reach  a  state  in  which  we  can 
speak  of  a  pure  stenosis.  The 
two  illustrations  (Figs.  58  and 
59)  reproduced  from  photo- 
graphs of  specimens  in  the 
Pathologic  Institute  at  Tubin- 
gen show  distinctly  the  relation. 

This  subject  has  been 
studied  in  considerable  detail 
on  account  of  its  great  import- 
ance, and  a  certain  degree  of 
agreement  has  been  reached 
as  regards  its  interpretation. 
Pure  stenosis  without  accom- 
panying insufficiency  can  only 
be  assumed  to  exist  *'when,  at 
autopsy,  the  orifice  is  very 
narrow  and  the  valves  form  a 
(Baumbach-Lenhartz)  .* 

*  "Ueber  das  Verhalten  des  linken  Ventrikels  bei  der  Mitralstenose,"  "Deut. 
Archiv  f.  klin.  Med.,"  1891,  vol.  xlviii,  p.  275- 
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68. — Mitral    stenosis   with   mitral   InsufB- 
,  Contracted  ventricular  orifice;  b,  shrunken 


flaps   of  valve  with  papillary  muscle  (c);  d,  fibrous 
thickening  of  endocardium  on  the  anterior  wall /of 


the  left  ventricle. 


slit  with  smooth  and  movable  borders" 
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**A  pure  stenosis  can  only  develop  when  that  part  of  the  valvular 
border  which  is  not  adherent  remains  comparatively  delicate  and  easily 
movable  and  incloses  a  slit-like  opening''  (Dunbar-Riegel).* 

Yet  such  cases  are  rare.  Clinically  they  are  distinguished  with  diffi- 
culty; for  auscultatory  phenomena  are  the  decisive  factors  in  their  diag- 
nosis. For  we  must  say :  The  signs  which  are  produced  by  a  compensated 
stenosis  of  the  left  venous  orifice  are  the  same  as  those  of  insufficiency 
of  the  mitral  valve,  except  that  a  diastolic  or  presystolic  murmur  occurs 
in  place  of  the  systolic. 

Experiments  on  models  gave  the  following  results:  The  flow  from  the 
left  auricle  into  the  left  ventricle  is  diminished,  and  with  it  the  flow  into 
the  aorta.    The  pressure  in  the  aorta  falls;  that  in  the  pulmonary  artery 

rises,  as  occurs  also  everywhere 
in  the  pulmonary  circulation. 

Whether  the  pressure  in  the 
vena  cava  remains  unchanged 
or  is  lowered  or  raised  depends 
upon  the  following:  The  right 
ventricle  must  regain  an  equi- 
librium with  the  blood  flowing 
from  the  left  if  stationary  con- 
ditions shall  be  established,  and 
also  the  amount  of  blood  on  the 
right  side  must  diminish.  If 
less  blood  is  thrown  out  of  the 
right  side  of  the  heart,  there 
will  be  a  rise  in  the  pressure  in 
the  vena  cava*.  On  the  other 
hand,  if  less  blood  is  propelled 
by  the  left  heart,  the  pressure 
in  the  vena  cava  will  sink.  Ac- 
cording as  one  or  the  other  con- 
dition prevails,  the  volume  of 
the  right  ventricle  will  vary. 
But  great  variations  should  not 
be  expected. 

The  left  ventricle  has  less 
work  to  do  in  stenosis  of  the 
venous  orifice.  The  work  of 
the  right  ventricle,  on  the  other  hand,  is  scarcely  altered.  In  the  ex- 
periment the  work  of  the  left  ventricle  diminished  from  249  gram-centi- 
meters to  202,  while  that  of  the  right  ventricle  sank  from  145  to  143 
gram-centimeters.  An  equilibrium  was  established  (see  Fig.  60)  through 
an  increase  in  the  work  of  the  left  auricle,  when  that  became  sufficient 
to  secure  a  more  complete  filling  of  the  left  ventricle. 

Moritz  notes  that  the  changes  in  pressure  which  develop  in  virtue 
of  the  stenosis  of  the  left  venous  orifice,  from  the  start,  give  the  left 
auricle  a  chance  to  increase  its  working  capacity.  The  auricle  is  more 
markedly  distended  in  virtue  of  the  rise  of  pressure  in  the  pulmonary 
veins  and  contains  more  blood.    The  increase  in  the  tension  of  its  walk 


Fio.  69. — Mitral  stenoms  viewed  from  the  ventricle. 


*  "Ueber  das  Verhalten  des  linken  Ventrikels  bei  den  Fehlem  der  Mitralklappe," 
ibid.,  1892,  vol.  xlix,  p.  283. 
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leads  to  a  more  vigorous  contraction  of  these  walls,  and,  in  addition, 
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I  PreaBore  before  experiment.         I    Mitral  stenons.  I  Increased  work  of  the  left  ventricle. 

3        (Experiment  48.)  ■ 
Fia.  60. — ^Morita's  Experiment  47. 

when  the  auricle  is  at  rest — that  is,  during  a  part  of  the  diastole — the  blood 
flows  more  easily  into  the  ventricle. 

The  h3rpertrophy  of  the  right  ventricle  which  is  regularly  present  is 
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explained  as  in  insufficiency.  The  right  ventricle  must  work  against  the 
increased  tension  in  the  pulmonary  artery.  The  left  ventricle  does  not 
become  dilated  in  stenosis,  but  becomes  rather  smaller,  because  the  work 
required  of  it  is  less.  The  left  ventricle  does  hot  need  to  propel  a  larger 
amount  of  blood;  nor  does  it  need  to  work  against  an  increased  tension 
in  the  direction  of  its  stream.  This,  then,  is  the  essential  difference  be- 
tween the  changes  occurring  in  stenosis  and  those  resulting  from  insuffi- 
ciency of  the  valve.  Otherwise,  the  conditions  would  be  the  same,  even 
if  a  patient  would  have  a  pure  stenosis,  which  can  be  readily  enough  pro- 
duced in  the  model. 

What  are  the  conditions  in  living  subjects  when  both  stenosis  and 
insufficiency  are  present  together?  It  will  depend  greatly  upon  the 
question  whether  the  stenosis  develops,  in  a  measure,  together  with  the 
insufficiency,  because  upon  this  depends  the  question  as  to  which  of  the 
changes  in  the  heart  will  gain  the  ascendency.  Naturally,  much  depends 
also  upon  the  extent  of  each  of  the  two  lesions. 

Another  point  to  be  noted  is  that  insufficiency  of  the  valve  lessens  the 
mechanic  results  of  stenosis  of  that  orifice,  and,  vice  versdf  both  being  at 
first  favorable  to  the  circulation.  In  insuflBciency  the  ventricle  systol- 
ically  throws  larger  amounts  of  blood  under  higher  pressure  into  the  left 
auricle.  Thus  the  wall  of  this  chamber  is  elastically  distended,  and  this 
elastic  tension  becomes  transformed  into  living  force  during  the  following 
diastole.  This  force  then  becomes  available  in  overcoming  the  resistance 
produced  by  the  stenosis.  On  the  other  hand,  the  stenosis  hinders  the 
sjrstolic  escape  of  the  blood  from  the  ventricle  into  the  auricle  through 
its  more  or  less  injured  valve. 

But  it  is  difficult  to  say  what  takes  place  later  on.  The  biologic  ques- 
tions come  essentially  into  consideration;  that  is,  the  question  whether 
or  not  the  left  auricle  and  the  right  ventricle  are  able  to  increase  sufficiently 
in  musculature. 

The  behavior  of  the  left  ventricle  has  been  the  subject  of  much  dis- 
cussion. Theoretically,  this  ventricle  should  become  smaller  in  size, 
but  actually  this  is  often  not  the  case. 

Baumbach*  found  rather  a  hypertrophy  of  the  left  ventricle,  and  by  no  means 
an  atrophy,  in  thirteen  caaes  of  pure  mitral  stenosis  (classified  according  to  his  division 
already  mentioned)  in  which  there  was  no  insufficiency  and  no  other  complications. 

Dunbart  reported  two  autopsies  in  which  an  atrophic  left  ventricle  occurred  along 
with  a  marked  degree  of  stenosis  without  insufficiency.  In  five  other  cases,  on  the 
other  hand,  the  left  ventricle  was  normal  in  size  or  dilated.  Of  these  cases,  however, 
three  must  be  rejected,  as  they  are  not  pure :  phthisis,  pericardial  adhesion,  and  slight 
mitral  insufficiency  (Nos.  3  to  5,  VIII).  Baumbach  pointed  out  correctly  that  the 
left  heart  looks  smaller  on  account  of  the  very  marked  increase  in  size  of  the  right 
heart,  and  this  is  expressed  in  the  sentence  which  one  often  sees  in  autopsy  reports: 
"The  left  ventricle  appears  as  an  appendix  of  the  right  heart. "  Therefore,  accurate 
measurements  should  be  made. 

It  was  supposed  that,  when  dilatation  of  the  left  heart  is  present,  it 
must  be  referred  to  a  still  present  or  preexisting  insufficiency  of  the  mitral 
valve.,    LenhartzJ  opposed  this,  and  claims  that  a  dilatation  of  the  left 

*  Loc.  cit.f  group  1  a,  sections  from  Halle  and  Leipzig. 

t  Loc.  cit.,  pp.  284  and  306-307. 

{"Ueber  das  Verbal  ten  der  linken  Herzkammer  bei  der  Mitralstenose," 
"Verhandlungendes  Congresses  fiir  innere  Medicin,"  Ninth  Congress,  Vienna,  1890, 
p.  478  ff.     Completed  in  the  work  of  his  pupil,  Baumbach. 
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ventricle  may  occur  even  with  pure  stenosis.  He  explains  it  by  lajdng 
particular  stress  upon  the  diastolic  suction-force  of  the  left  ventricle. 
Dunbar's  work,  however,  strongly  opposes  the  reasons  upon  which  Len- 
hartz  bases  his  argument.  Krehl*  also  opposes  this  view,  and  adheres 
to  the  old  idea.  He  says,  in  speaking  of  this:  *'How  does  the  left  ven- 
tricle now  behave  in  stenoses  of  the  mitral?  That  depends  upon  the 
amount  of  blood  which  this  ventricle  receives  with  the  aid  of  the  increased 
activity  of  the  left  auricle  and  the  right  ventricle,  in  spite  of  the  narrowed 
mitral  orifice.  In  slight  degrees  of  stenosis  in  which  the  resistance  pro- 
duced by  the  narrowing  is  well  overcome  by  the  right  ventricle  because 
of  its  capacity  for  compensation,  the  left  ventricle  may  remain  unchanged, 
because  then  it  is  filled  with  the  same  amount  of  blood  as  before  the  sten- 
osis. But,  if  a  disproportion  between  the  obstacle  set  by  the  stenosis 
and  the  force  of  the  right  ventricle  develops,  then  the  filling  of  the  left 
ventricle  sufiFers,  and  the  amount  of  work  done  by  it  is  diminished,  so 
that  its  musculature  becomes  atrophied.  These  assumptions  are  con- 
firmed by  the  pathologic-anatomic  findings  in  such  cases.  When  we 
find,  occasionally,  a  hypertrophy  of  the  left  ventricle,  this  must  be  ex- 
plained by  an  insufficiency  of  the  mitral  valve,  present  simultaneously 
with  the  stenosis,  or  even  older." 

Carl  Hirsch,t  who  determined  the  weight  of  the  heart  and  of  its  vari- 
ous divisions  according  to  W.  Miiller's  method,  draws  the  same  conclusions 
from  his  observations,  and  rejects  emphatically  the  theory  of  Lenhartz 
and  Baumbach. 

When  the  stenosis  of  the  mitral  valve  becomes  more  marked,  more 
severe  changes  result  than  when  the  stenosis  is  less  prominent  than  the 
insufficiency.  It  is  evident  that,  under  such  conditions,  the  left  auricle 
and  the  right  ventricle  are  compelled  to  perform  more  work,  and  are 
scarcely  able  to  stand  the  strain  for  any  length  of  time.  The  left  ven- 
tricle not  only  does  not  play  any  r61e  in  compensation,  but  its  incom- 
plete filling  with  blood  prevents  the  whole  heart  from  getting  such  an 
amount  of  blood  as  is  necessary  for  the  sufficient  nutrition  of  the  parts 
which  are  forced  to  increased  labor.  The  results  of  this  are  an  insufficient 
hypertrophy  and  a  rapidly  developing  dilatation  of  the  fatigued  portions. 

Disturbances  in  the  pulmonary  circulation  (see  p.  106)  then  follow. 
It  is  an  old-established  fact  that  catarrh  of  the  bronchi  occurs  more  fre- 
quently in  stenosis,  is  more  difficult  to  cure,  is  more  severe,  and  that 
''heart-disease  cells"  very  commonly  occur  in  large  numbers.  Also 
that  the  brown-indurated,  congested  lung  develops  to  its  full  extent  in 
stenosis.  This  is  naturally  accompanied  by  a  severe  disturbance  in  the 
respiration. 

It  is  easy  to  understand  from  all  this  that  loss  of  compensation  be- 
comes prominent  comparatively  early,  and  that  the  stenosis  itself  dis- 
appears in  the  general  clinical  picture. 

The  sphyemogram  does  not  give  us  anything  characteristic  in  this  direction. 
Only  C.  von  Noorden  (loc.  cit.)  has  recorded  a  few  exceptions  to  this  rule.  In  most 
instances  we  find  the  note  that  the  pulse  is  small,  easily  compressed,  irregular  in 
volume  and  in  rhythm.     If  we  look  at  the  pulse-curves  of  patients  with  mitral 

♦A.pp.  22,  23. 

t  "  Ueber  die  Beziehungen  zwischen  dem  Herzmuskel  und  der  Kdrpermusculatur 
und  Gber  sein  Verhalten  bei  Herzhypertrophie, "  "Deut.  Archivf.klin.  Med.,"  vol. 
Ixviii,  p.  325  et  seq.,  1900. 
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Btenoeis  which  were  published  by  C.  Gerhardt,*  and  compare  them  with  the  curves 
I  have  given  elsewhere,  we  become  convinced  that  they  indicate  nothing  but  simple 
heart  weakness  (compare  also  Fig.  64). 

Anatomic  Considerations. — In  general,  the  anatomic  conditions 
in  stenosis  are  the  same  as  those  already  described  in  insufficiency  of  the 
mitral  valve.  There  are  some  deviations  worth  mentioning  (Bamberger) : 
*'The  left  auricle  shows  marked  dilatation,  thickening  of  the  walls,  and 


Fig.  61.— February,  1897. 


its  endocardium  is  markedly  clouded  and  thickened.  The  pulmonary 
veins  which  enter  into  it  are  considerably  dilated.  The  left  ventricle 
exhibits  changes  which  have  been  described  above  (see  pp.  360  and  361). 
The  right  side  of  the  heart  shows  dilatation  and  hjrpertrophy.  These 
are  so  extensive  that  the  normal  size  is  by  no  means  rarely  doubled.  The 
apex  of  the  heart  is  often  formed  by  the  right  ventricle  only.  Both 
*  "Lehrbuch  der  Auscultation  und  Percussion,"  fifth  edition,  p.  313. 
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venaB  cavse  and  the  pulmonary  artery  are  dilated,  while  their  walls  are 
often  the  seat  of  fatty  degeneration. 

**The  position  of  the  heart  is  rather  horizontal,  and  the  anterior  surface 
is  formed  almost  entirely  by  the  dilated  right  heart,  while  the  left  portion 
of  the  organ  is  displaced  entirely  backward,  so  that  nothing,  or  a  very 
small  strip,  of  the  left  ventricle  is  seen  from  the  anterior  aspect." 

Physical  examination  reveals  the  following  signs  (I  am  again  quoting 
Bamberger):  **The  pul- 
sation of  the  apex  is  usu- 
ally felt  at  a  considerable 
distance  to  the  left  of  the 
nipple,  and  is  usually 
more  diffused,  but  rarely 
increased  in  intensity  to 
any  extent.  On  the 
other  hand,  the  contrac- 
tion of  the  heart  is  al- 
most always  felt  within 
a  large  area,  which  usu- 
ally extends  over  the 
greater  part  of  the  re- 
gion occupied  by  the 
hypertropWed  right  ven- 
tricle, and  is,  therefore, 
especially  behind  the 
sternum  and  even  to  the 
right  of  it. 

In  the  region  of  the 
apex  and  toward  the 
nipple,  a  diastolic  thrill 
Is  frequently  palpable. 
Sometimes,  however,  the 
thrill  is  only  systolic,  de- 
pending upon  the  coex- 
isting insufficiency,  and 
less  frequently  both  a 
systolic  and  a  diastolic 
thrill  are  felt. 

Percussion  shows  a 
more  or  less  marked  in- 
crease of  the  cardiac  dul- 
ness,  particularly  in  the 
transverse  diameter. 

The  accompanying  Figs. 
61  and  62,  from  photo- 
graphs, show   the   area  of 

dulness  in  progressive  stenosis  with  insufficiency.  The  patient  was  a  girl,  now 
seventeen  years  old,  who  had  had  a  severe  attack  of  endocarditis  for  the  first  time  ten 
years  ago,  and  had  had  several  relapses  since  that  time. 

On  auscultation  a  diastolic  murmur  is  heard  in  the  region  of  the  apex, 
but  often  also  over  a  considerable  area.  It  is  more  or  less  prolonged  and 
varies  greatly  in  quality.    In  addition  to  the  murmur,  there  may  be  also 


Fio.  62.— July,  1901. 
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a  more  or  less  marked  diastolic  tone.  Very  often,  however,  the  murmur 
is  very  faint,  resembling  a  short  faint  breath;  or  it  is  entirely  absent, 
either  permanently  or  temporarily,  or,  instead  of  it,  one  hears  a  short 
dull  sound,  a  reduplicated  tone,  or  a  distinct  or  accentuated  tone,  or  else 
all  distinct  perception  of  sound  is  absent  in  the  diastolic  period. 

"A  more  or  less  well-marked  murmur  can  be  heard  over  the  left  ven- 
tricle during  the  systole,  but  there  may  also  be  a  reduplicated  tone,  or 
else  a  clicking  [or  flapping — Ed.]  heart  shock  [resembling  a  normal  or 
accentuated  second  sound — Ed.],  a  dull  indistinct  sound,  or  even  no 
definite  sound  at  all.  In  the  majority  of  cases,  however,  a  murmur  is 
heard.  This  great  variation  in  the  signs  observed  requires  a  few  words 
of  explanation. 

"The  only  characteristic  acoustic  phenomenon  on  auscultation  in 
mitral  stenosis  is  the  diastolic  murmur.  This  murmur  is  produced  by  the 
influx  of  blood  from  the  auricle  into  the  ventricle,  through  the  rough  and 
narrowed  orifice.  The  more  marked  this  narrowing,  the  more  extensively 
developed  the  rugosities,  and  the  greater  the  blood-pressure,  the  more 
intense  will  be  tlna  murmur;  while  in  the  opposite  conditions  there  will 
be  only  a  faint  murmur  or  none  at  all.  The  usual  cause  of  the  absence  of 
a  murmur  is  a  lowered  velocity  of  the  blood-stream. 

"  Even  under  normal  conditions  the  pressure  under  which  the  blood 
flows  into  the  ventricle  from  the  auricle  is  much  less  than  the  pressure 
under  which  the  blood  is  driven  from  the  ventricle  into  the  arteries,  and, 
therefore,  a  systolic  murmur,  under  any  condition,  occurs  much  more 
frequently  than  a  diastolic  murmur  as  the  result  of  changes  in  the  auriculo- 
ventricular  valves. 

"  In  stenosis  of  the  left  venous  orifice  there  are  a  number  of  conditions 
which  also  tend  to  diminish  the  diastolic  blood-current  and  to  lessen  the 
velocity  of  the  stream,  particularly  the  stasis  and  the  slowing  of  the  pul- 
monary circulation.  Other  conditions  diminishing  the  diastolic  current 
are  the  passive  dilatation  of  the  left  auricle,  the  great  rapidity  of  the  heart- 
beats, which  interferes  with  a  complete  emptjdng  of  the  auricle,  etc.  It 
is  not  astonishing,  therefore,  that  in  stenosis  a  diastolic  murmur  is  ab- 
sent, at  least  as  frequently  as  it  is  present. 

''In  some  cases  we  can  convince  ourselves  that  it  is  only  necessary 
to  secure  an  approximate  return  to  the  normal  conditions  of  the  blood- 
stream in  order  to  evoke  the  murmur.  For  example,  in  lesser  degrees 
of  stenosis  the  murmur  is  often  heard  only  when  the  blood-stream  is 
somewhat  hastened,  as  the  result  of  physical  exertion  or  of  other  external 
influences.  In  stenoses  of  higher  degree  the  murmur  is  often  heard  only 
when  the  heart's  action  is  rendered  slower  by  rest  or  by  the  influence  of 
drugs,  until  a  more  complete  emptying  of  the  auricle  into  the  ventricle 
can  take  place. 

"  If  we  hear  a  diastolic  tone  in  addition  to  the  murmur,  or  else  without 
the  murmur,  then  this  tone,  in  accordance  with  my  view  as  to  the  origin 
of  the  second  cardiac  sound  in  general,  can  only  be  the  transmitted  diasto- 
lic arterial  tone.  This  sound  does  not  by  any  means  necessarily  belong 
to  the  corresponding  artery, — in  other  words,  in  this  instance,  to  the 
aorta, — ^but  it  may  in  some  cases  depend  upon  the  pulmonary  artery 
(especially  when  the  tone  is  increased  in  intensity),  or  else  it  may  be  a 
mixture  of  both  arterial  tones, 
p  "When  the  diastolic  murmur  is  loud,  it  usually  completely  masks 
the  second  heart-sound.    Yet  the  presence  or  absence  of  the  second 
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sound,  its  reduplication  or  other  modifications,  are  of  absolutely  no 
further  significance  as  regards  the  condition  of  the  auriculoventricular 
orifice. 

*'As  a  rule,  a  murmur  is  heard  during  systole  because  the  stenosed 
valve  almost  always  allows  of  regurgitation,  and,  besides,  is  only  capable 
of  murmur-like  vibrations  owing  to  the  complex  changes  in  its  texture. 
Often,  however,  its  character  neither  allows  of  the  more  marked  vibra- 
tions nor  of  an  appreciable  regurgitation,  especially  when  the  stenosis  is 
marked,  and  in  such  cases  we  hear  either  a  very  indistinct  (systolic) 
sound  or  no  sound  at  all. 

**A  pure  systolic  soimd  is  produced  very  rarely  by  perfectly  regular 
vibrations  of  the  sufficient  valve,  because  this  is  scarcely  possible  in  sten- 
osis. As  a  rule,  the  systolic  sound,  whether  it  be  present  alone  or  in 
addition  to  a  murmur,  is  produced,  either  by  a  portion  of  the  diseased 
valve  which  is  still  capable  of  vibration,  or  else  it  is  transmitted  from 
the  tricuspid  valve,  or  is  merely  the  result  of  a  systolic  vibration  of  the 
thoracic  wall. 

**Both  the  systolic  and  the  diastolic  murmurs  are  transmitted  to  the 
neighboring  valves,  especially  to  the  tricuspid  valves,  and  may  cover 
their  tones  more  or  less  completely.  In  addition,  we  find  in  stenosis  of 
higher  degree  that  the  aortic  sounds  are  usually  remarkably  faint.  The 
first  pulmonary  sound  is  accompanied  or  supplanted  by  a  murmur,  as 
a  rule;  for  reasons  which  have  been  given  in  the  section  on  InsuflS- 
ciency.  The  second  pulmonary  tone,  as  a  rule,  is  even  more  exaggerated 
in  intensity  than  in  insufficiency  alone." 

Bamberger  describes  the  facts  just  as  all  who  have  made  a  detailed 
study  of  these  conditions,  and  the  basis  for  his  interpretations  must  also 
be  accepted:  the  relatively  slight  force  which  the  blood-stream  passing 
through  the  narrowed  orifice  during  diastole  has  at  its  disposal.  By 
some  authors,  among  whom  Traube  stands  at  the  head,  the  varieties  of 
the  diastolic  murmur  are  distinguished  even  more  sharply,  and  attempts 
are  made  to  explain*  why  the  murmur  behaves  in  one  way  in  one  case 
and  in  another,  in  others.  No  doubt  Traube  himself  and  his  immediate 
disciples,  such  as  Fraentzel,  have  heard  all  these  fine  distinctions,  and 
they  may  be  of  diagnostic  value;  but  how  often  is  this  the  case? 

Traubet  maintains  that  the  diastolic  murmur  occurs  in  four  different  modifica- 
tions :  (a)  As  a  prolonged  murmur  which  grows  more  intense  toward  the  end  and  lasts 
until  the  next  systole.  (6)  In  the  form  of  two  diastolic  sounds  which  not  infrequently 
resemble  tones,  while  in  other  and  more  frequent  cases  the  first  is  like  a  tone, 
the  second  like  a  murmur,  and  lasts  until  the  beginninc;  of  the  following  systole, 
(c)  A  short  presystolic  murmur  and  (d)  as  a  non-modified  murmur,  that  is,  as  a 
murmur  which  is  sepanited  from  the  following  systole  by  a  pause. 

The  most  practical  classification  of  these  varieties  of  the  diastolic  murmur  in 
stenosis  of  the  left  orifice  seems  to  be  the  following: 

I. — Not  Separated  by  a  Pause  from  the  Following  Systole. — The  varieties  of  this 
tvpe  are  as  follows:  (1)  A  loud  prolonged  murmur  which  grows  more  intense  toward 
the  end  of  the  diastole,  and  which  lasts  until  the  following  systole.  (2)  A  short 
murmur  which  appears  at  the  end  of  the  diastole — a  so-called  "presystolic"  murmiu*. 
(3)  A  murmur  composed  of  two  different  sounds,  of  which  the  second  lasts  until  the 
following  systole. 

II. — Separated  by  a  Pause  from  the  FoUoicing  Systole, — Of  this,  there  are  the 
following  varieties: 

♦Fraentzel,  loc.  cit.,  p.  109. 

t  "Ueber  das  diastolische  Ger&usch  bei  Stenose  des  Ostium  venosum  sinistrum," 
"Gesammelt«  Beitrfige,"  Bd.  iii,  S.  251,  252. 
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(1)  A  diastolic  murmur  which  is  separated  from  the  following  systole  by  a 
distinct  pause,  and  (2)  two  diastolic  sounds,  of  which  the  second  is  also  separated 
from  the  next  systole  by  a  distinct  pause.  These  diastolic  sounds  may  be  either 
tones  or  short  murmurs. 

The  division  made  by  Liebermeister*  has  the  advantage  of  simplicity;  so  also 
his  schematic  representation  (Fig.  63).  In  this  fi^ire  —  represents  the  first  or  systolic 
cardiac  tone,  and  ^  represents  the  second  or  diastolic  cardiac  tone.  The  varieties 
distinguished  by  this  author  are  as  follows: 

I.  Presystolic  Murmur. — This  is  produced  when  the  stenosis  is  somewhat  marked 
and  when  the  diastole  does  not  last  very  long.  Then  the  blood  enters  the  ventricle 
at  first  rather  slowly,  and  only  the  systole  of  the  auricle  which  drives  the  blood  with 


F^o.  63. — a.  Presystolic  munnur;  b,  diastolic-presystolic  murmur;  e,  dimstollc  murmur. 


ereat  velocity  through  the  narrowed  orifice  produces  a  more  intense  murmur,  which 
lasts  until  the  beginning  of  the  following  systolic  sound. 

II.  Diastolic'presystolic  Murmur. — This  is  produced  under  the  same  conditions. 
The  stenosis  is  not  too  slight,  the  diastole  not  too  prolonged.  The  mode  of  origin 
of  this  murmur  is  also  the  same.  It  depends  only  upon  the  velocity  of  the  stream 
in  the  first  part  of  the  long  pause.  The  force  which  drives  the  blood  through  the 
narrowed  orifice  is  composed  of  the  suction  of  the  relaxing  left  ventricle  and  of  the 
elastic  tension  of  the  overfilled  left  auricle.  Is  it  sufficient  to  produce  a  stream  which 
at  first  increases  considerably  and  then  diminishes?  And  this  in  such  a  manner  that 
the  difference  exceeds  a  certain  limit? 

*  "  Vorlesungen,"  p.  375  and  Figs.  4-6. 
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In  this  case  the  muscular  contraction  of  the  right  auricle,  which  gives  a  fresh 
impulse  to  the  blood  streaming  through  the  narrow  orifice,  may  become  manifest  by 
an  increase  in  the  intensity  of  the  murmur.  These  conditions  are  always  present,  and 
I  do  not  see  quite  clearly  why  Liebermeister  still  separates  this  type  from  the  first 
group  (I).  Traube,  and  especially  Fraentzel,  it  is  true,  lay  great  stress  upon  this 
form  of  murmur.  It  constitutes  Fraentzel's  "  interrupted  modified  diastolic  mur- 
mur,'' and,  according  to  his  view,  only  those  examiners  who  can  recognize  it  with 
facility  are  sure  of  their  diagnosis  of  valvular  disease.* 

111.  Diastolic  Murmur, — The  stenosis  is  less  marked;  the  diajstole  is  prolonged. 
The  blood  now  flows  into  the  ventricle. in  such  a  manner  that  the  cavity  is  almost 
completely  filled  when  the  auricle  begins  to  contract.  The  contraction  of  the  auricle, 
therefore,  cannot  be  especially  pronunent  acousticallv.  The  blood  will  pass  through 
the  narrowed  orifice  with  approximately  the  same  velocity. 

On  the  whole,  we  can  very  well  content  ourselves  with  the  chief  divisions  made 
by  Traube,  whether  the  diastolic  murmur  is  continuous  (I)  or  is  interrupted  (II). 

The  reason  why  there  is  such  a  difference  in  the  auditory  sensations 
is  that  the  character,  the  form,  and  the  extent  of  the  opening  ai-e  so  very 
different  in  the  individual  cases.  Besides, — and  this  is  probably  of  still 
greater  importance, — the  musculature  of  the  auricle  is  never  very  strongly 
developed  at  first,  and  yet  must  furnish  the  driving  force,  so  that  slight 
fluctuations  in  its  working  capacity  can  very  easily  occur. 

The  diastolic  murmur  is  also  heard  at  times  in  the  second  left  inter- 
costal space,  in  the  region  of  the  pulmonary  artery,  or  a  Uttle  outward 
from  that  point.  At  times  the  murmur  is  heard  even  a  little  more  dis- 
tinctly in  that  locality  than  at  the  apex,  especially  when  a  systolic  murmur 
is  also  present  at  the  latter.  This  is  remarkable  inasmuch  as  the  blood- 
stream which  produces  the  murmur  is  directed  from  the  auricle  toward 
the  ventricle  (Liebermeister). 

As  regards  the  other  signs,  we  must  refer  the  reader  to  what  has  been 
said  under  mitral  insufficiency. 

Diagnosis. — ^As  has  been  stated  above,  the  question,  in  the  majority 
of  cases,  is  not  whether  a  stenosis  is  present,  but  in  what  relation  it  occurs 
to  the  insufficiency  which  is  present  at  the  same  time.  We  depend  essen- 
tially, therefore,  upon  the  demonstration  of  the  diastolic  murmur  for  the 
diagnosis  of  stenosis.  We  have  already  considered,  in  a  general  way, 
the  diagnostic  value  of  the  sensations  perceptible  to  the  ear  (see  p.  330). 
With  due  conservatism,  we  can  say  that  when  a  murmur  is  heard  over 
the  apex  and  is  certainly  diastolic,  and  when  we  can  demonstrate,  in 
addition,  the  corresponding  chang;es  in  the  area  of  dulness,  the  diagnosis 
may  be  made  positively.  For  it  is  certainly  extremely  rare  to  find  dias- 
tolic murmurs  at  the  apex  due  to  other  causes.  The  certainty  as  to  the 
diastolic  nature  of  the  murmur  becomes  greater  when  the  murmur  con- 
tinues in  imiform  intensity  without  interruptions.  Naturally,  the  fre- 
quency of  the  heart-beats  must  not  be  too  great,  so  that  we  can  distinctly' 
make  out  the  pauses  between  the  individual  beats.  After  the  diastolic 
murmur  has  been  heard  without  any  uncertainty,  we  must  not  be  led 
astray  later  on  by  the  fact  that  it  may  have  disappeared. 

Considerable  difficulties  arise  when  a  stenosis — even  a  very  marked 
one — is  seen  for  the  first  time  at  a  period  when  the  cardiac  muscle  has 
become  weak.  In  such  cases  the  murmurs  follow  each  other  in  a  confused 
sequence,  as  we  have  already  described  elsewhere  (Cardiac  Insufficiency, 
p.  61).  And  the  rapid  irregular  beat  of  the  heart  makes  impossible  the 
recognition  of  the  phase  during  which  a  murmur  occurs.  The  experienced 
observer  then  refrains  from  a  definite  diagnosis,  and  is  not  surprised  when 

*Loc,cU.,p,  112. 
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a  marked  narrowing  of  the  venous  orifice  is  found  at  autopsy.    The 
following  case  may  serve  as  a  good  example  of  what  may  occur: 

Case  II. — Marked  muscular  weakness  of  the  heart  which  did  not  allow  of  the 
recognition  of  a  mitral  insufficiency  and  stenosis.  Slight  stenosis  of  the  tricuspid. 
Absence  of  dropsy,  in  spite  of  severe  signs  of  heart  weakness.  Death  as  the  result 
of  embolism  in  the  left  cerebral  carotid.  Duration  of  the  clinical  observation,  about 
three  and  one-half  years. 

Mrs.  A. :  Died  at  the  age  of  fifty-eight  years.  Alleged  acute  articular  rheumatism 
at  unknown  dates.  First  admission,  August  16,  1875.  Extreme  dyspnea,  stormy 
irregular  heart's  action,  but  rapid  improvement  after  the  use  of  digitalis.  Second 
admission,  February  4,  1876:  The  same.  Third  admission,  June  29,  1876:  A  more 
severe  attack. 

From  June  21st  the  patient  complained  of  weakness,  of  slight  difficulty  in  res- 
piration, and  of  loss  of  appetite.  On  the  morning  of  the  twenty-eighth  severe  vomiting 
of  watery  material  and  diarrhea.  She  complamed  of  black  spots  before  the  eyes, 
vertigo,  and  severe  headache.  Admitted  on  the  following  day.  There  was  no  rise 
in  temperature  (37.7°  C. — 100°  F.),  but  the  pulse  was  slow — a  condition  which  con- 
tinued until  the  fifth  of  July.  The  minimum  pulse  was  observed  on  July  3d,  with  36 
pulsations  at  the  radial  and  39  contractions  of  the  heart.  The  heart's  action  was  so 
weak  that  the  pulse  at  the  carotid  showed  a  tracing  such  as  that  reproduced  in  Fig.  64. 
Rapidly  developing  dilatation  of  the  heart..  Improvement  occurred  after  a  short 
time,  and  the  patient  was  able  to  walk  six  kilometers  twice  daily,  beginning  on  July 
9th. 

Fourth  admission,  February  6,  1877:  Since  the  third,  she  complained  of  cough 
and  headache.     On  admission  there  was  a  diffuse  bronchial  catarrh,  with  a  rise  of 


Fig.  64. — Mrs.  A.;  carotid  pulae  (Brondgeest's  pansphysmograph). 

temperature  to  .39.9°  C  (103.8°  F.).  Marked  cardiac  weakness.  Discrepancy  be- 
tween the  radial  pulse  and  the  heart-beats  most  marked  on  the  eighth.  Pulse  66 
and  98  heart-beats.  The  fever  disappeared  after  three  days,  and  the  patient  was 
discharged,  able  to  work,  after  six  oays. 

Fifth  admission,  December  14,  1877:  The  bronchial  catarrh  had  been  trouble- 
some at  times  and  had  increased  considerably  within  the  last  weeks.  There  was 
also  loss  of  appetite  and  general  weakness.  On  admission  the  patient  showed  severe 
dyspnea,  wiaely  diffused  catarrh,  but  no  rise  of  temperature.  At  first  the  sputum 
was  like  that  of  pulmonary  edema.  Soon  the  expectoration  diminished.  Cardiac 
weakness  the  same  as  at  the  preceding  attack,  except  that  now  there  was  actual 
intermission.  She  had  improved  so  much  by  the  twenty-fourth  of  December  that 
she  was  discharged,  but  was  again  admitted  on  the  twenty-ninth,  with  the  old 
complaints,  and  was  discharged  again  on  January  6,  1878. 

Sixth  admission,  February  2,  1879:  The  patient  had  been  unable  to  work  dur- 
ing the  whole  of  the  past  year,  and  had  remained  most  of  the  time  in  her  room,  often 
even  in  bed.  The  dyspnea  and  the  loss  of  strength  increased.  There  was  now  an 
increase  in  all  the  symptoms.  The  temperature  rose  to  39.8°  C.  (103.6°  F.),  but  .this 
fever  only  lasted  for  three  days.  A  slight  area  of  dulness  was  present  in  the  right 
lun^  for  a  few  days.  The  cardiac  weakness  was  at  first  very  marked,  and  showed 
agam  a  tendency  to  become  slower.  There  were  50  radial  pulsations  and  62  heart- 
beats a  minute.  Improvement  followed,  although  it  was  very  slow,  and  the  pa- 
tient was  able  to  leave  the  bed  about  the  middle  of  March  after  a  severe  diarrhea 
had  been  abated  at  the  beginning  of  the  month.  On  March  29th  the  patient  was 
seized  with  hemiplegia  and  with  severe  apoplectic  symptoms,  of  which  she  died 
within  thirty  hours. 

The  condition  of  the  heart  in  the  course  of  the  observation  is  of  considerable 
interest.     From  February  4  to  June  29,  1876,  no  change  occurred  in  the  area  of 
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cardiac  dulness.    A  change  occurred  then  within  two  days  and  was  quite  marked. 
The  following  table  shows  the  exact  changes: 


Date. 


February  4 
and  June 
29,  1876. 


July  1,1876. 


Stebnal 
Line. 


Fourth  rib, 
lower  bor- 
der. 


Third  rib, 
lower  bor- 
der. 


MAMiaU^ABT 

Line. 


Fifth  rib, 
lower  bor- 
der. 


Not  definite. 


Apex-Beat. 


Fourth  inter- 
costal space, 
2  cm.  outside 
of  nipple  line. 

Fifth  intercos- 
tal space;  an- 
terior axillary 
line. 


Right  Side 
OF  Sternum. 


No  dulness. 


1.5  cm.  out- 
side of  ster- 


SOUNDS. 


Pure,  slightly 
flapping, 
somewhat 
ringing  over 
the  aorta. 

Faint,  with- 
out mur- 
murs. 


The  carotid  pulse  was  verv  weak  after  the  dulness  had  extended.  The  fre- 
quency of  the  pulse  had  diminished  considerably  at  that  time  (see  Fig.  64). 

An  examination  of  the  boimdaries  of  the  heart  dulness  on  February  6,  1877, 
did  not  show  any  changes  in  the  area  as  observed  in  July  1,  1876.  The  heart- 
sounds  were  as  follows:  Apex:  systolic  tone  reduplicated;  diastolic,  flapping. 
Pulmonary  sound:  extremely  weak,  scarcely  perceptible.  Aortic  sound:  more 
distinct,  pure.     Right  ventricle:   systolic  sound  still  more  markedly  reduplicated. 

On  December  18, 1877,  we  found  that  the  cardiac  area  began  at  the  lower  border 
of  the  second  rib  (sternal  line),  and  passed  to  right  and  left  in  a  flattened  arc.  The 
apex-b^it  was  in  the  fifth  intercostal  space,  4  cm.  externally  from  the  nipple-line. 
Tne  heart-sounds  were  faint  and  pure,  louder  on  the  right  side  than  on  the  left. 
On  February  2,  1879,  the  heart  dulness  extended  two  fmger-breadths  beyond  the 
right  sternal  border.  On  the  left  side  it  was  beyond  the  nipple-line.  Tne  apex- 
bwit  could  not  be  felt.  The  cardiac  sounds  were  very  weak;  there  were  no  mur- 
murs. The  diastolic  sound  over  the  pulmonary  artery  was  somewhat  louder  than 
that  over  the  aorta,  and  somewhat  ringing. 

The  autopsy  gave  the  following  result  (von  SchQppel;  extract):  "Both 
lungs  emphysematous,  freely  movable;  catarrh  only  in  the  larger  bronchi.  The 
hea^  measures  16  cm.  in  diameter  and  is  10.5  cm.  long.  It  is  quite  flabby  in  all 
parts. 

"The  mitral  orifice  is  narrowed  to  a  slit  which  allows  the  tip  of  the  little  finger 
to  pass  fairly  easily.  The  left  auricle  is  dilated,  and  its  endocardium  clouded  and 
thickened.  The  mitral  flaps  are  markedly  thickened  and  shrunken  and  are  but 
slightly  movable.  They  are  covered  near  the  auricle  with  thick,  chalky  masses, 
some  of  which  appear  very  distinctly  on  the  surface.  The  tendinous  cords  are  con- 
tracted to  at  least  half  their  normal  length,  markedly  thickened,  but  do  not  coalesce 
directly  with  the  valvular  flap. 

"The  cavity  of  the  left  ventricle  is  somewhat  dilated.  Its  wall  is  thickened, 
its  musculature  pale,  grayish-brown  in  color,  indistinctly  striated,  and  is  very  brit- 
tle and  friable. 

"The  aortic  valves  are  competent;  their  flaps  are  slightly  thickened,  and  their 
points  of  insertion  very  slightly  rigid.  There  b  extensive  but  slight  atheroma  of 
the  aorta,  with  a  marked  bnttleness  of  the  intima.  The  right  side  of  the  heart  con- 
tains both  fluid  blood  and  white  clots,  especially  in  the  auricle.  The  tricuspid  ori- 
fice is  slightly  narrowed,  but  admits  both  index  and  middle  fingers  easily.  The 
elastic  valvular  flaps  have  somewhat  thickened  edges,  and  the  papillary  muscles 
are  fibroid  at  the  tips.  The  tendinous  cords  are  markedly  shortened  and  reach  one 
millimeter  in  thickness. 

"The  right  ventricle  is  enormously  dilated  and  almost  admits  a  fist.  Its  cavity 
is  free  from  old  thrombi.  The  wall  of  the  pulmonary  artery,  including  its  branches 
in  the  lung,  is  thickened,  and  its  intima  in  many  places  is  the  seat  of  fatty  degenera^ 
tion,  is  brittle,  and  is  easily  torn  off  in  large  shreds.  The  valves  are  normal.  The 
musculature  of  the  right  ventricle  is  in  the  same  condition  as  that  of  the  left.  Its 
wall  is  slightly  thickened  and  is  infiltrated  with  fatty  tissue,  especially  at  the  apex. 
There  is  also  some  fatty  tissue  under  the  endocardium.  The  muscle  of  the  right 
ventricle,  looked  upon  from  the  inside,  is  indistinctly  striated. 

The  liver  showed  parenchymatous  hepatitis,  and  was  a  little  smaller  in  all  diam- 
eters. The  spleen  was  enlarged  to  about  one  and  one-half  times  its  normal  size, 
24 
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cyanotically  indurated,  and  contained  an  old  infarct.  The  kidneys  also  showed 
cyanotic  induration  and  old  infarcts.  There  were  a  few  areas  of  softening  in  the 
brain,  and  a  thrombus  almost  1  cm.  long  in  the  left  cerebral  carotid,  the  wall  of 
which  was  only  slightly  atheromatous. 

The  weakness  of  the  heart  muscle  in  this  case  was  very  prominent  in 
the  clinical  picture — so  much  so,  that  it  masked  the  considerable  changes 
in  the  mitral  and  its  orifice  during  the  entire  period  of  almost  four  years 
in  which  this  patient  was  imder  observation. 

The  tricuspid  stenosis,  although  slight,  is  quite  noteworthy.  Possi- 
bly this  stenosis  was  not  imfavorable,  in  the  sense  that  it  made  the  re- 
gurgitation of  blood  from  the  right  ventricle  into  the  right  auricle  more 
difficult,  and  thereby  facilitated  the  outflow  of  blood  from  the  systemic 
veins.  The  auricle,  then,  would  have  attended  to  the  filling  of  the  heart 
itself,  although  under  somewhat  imfavorable  circumstances.  This  did 
take  place,  inasmuch  as  the  clinical  history  shows  that  no  venous  pulsa- 
tions were  noted.  A  rather  imusual  feature  in  this  case  was  the  total 
absence  of  dropsy  during  the  entire  period  of  illness. 

I  refrain  from  discussing  the  various  less  important  signs  that  have 
from  time  to  time  become  of  value  in  the  diagnosis  of  mitral  stenosis.* 
I  may  mention  only  that  the  increased  intensity  of  the  diastolic  tone  over 
the  pulmonary  artery  is  of  some  weight.  It  has  been  referred  to  the 
lessened  tension  of  the  aortic  valves  as  the  result  of  the  imperfect  fill- 
ing of  that  vessel. 

Prognosis  of  Lesions  of  the  Mitral  Valve  and  the  Left  Venous 
Orifice. — ^The  prognosis  of  these  lesions  may  be  considered  together  in  a 
brief  way,  inasmuch  as  we  have  already  discussed  all  the  essential  points 
under  "cardiac  weakness."  We  must  remember  that  any  catarrh  of  the 
bronchi  is  dangerous,  in  these  cases,  and  that  this  danger  is  greater  the 
more  extensively  the  finer  bronchi  are  involved  and  the  more  diffusely 
the  process  has  extended. 

Furthermore,  it  must  be  noted  that  when  the  left  ventricle  fails  to 
work  sufficiently,  the  blood-supply  of  the  heart  itself  suffers.  Cardiac 
weakness  is  thereby  directly  favored.  The  stenosis  produces  an  imper- 
fect filling  of  the  left  ventricle,  and  the  more  marked  the  stenosis  is,  the 
greater  this  danger  becomes.  Inasmuch  as  the  right  ventricle  is  affected 
even  more  in  stenosis  than  in  insufficiency,  the  predominance  of  the 
stenosis  may  be  said  in  general  to  be  the  less  favorable  feature  of  this  group 
of  heart  lesions.  If  both  stenosis  and  insufficiency  maintain  a  certain 
balance,  then  compensation  may  be  maintained  for  a  considerable  time. 

Treatment. — So  long  as  there  are  no  signs  of  cardiac  weakness,  the 
treatment  of  lesions  at  the  venous  orifice  should  consist  only  of  a  regula- 
tion q{  the  mode  of  life,  in  order  that  the  dangers  that  threaten  every 
person  with  heart  disease  may  be  avoided,  and  particularly  those  which 
threaten  patients  with  the  lesions  under  consideration. 

Foremost  of  these  are  the  affections  of  the  bronchi.  We  should  do 
all  in  our  power  to  prevent  these  complications,  and  to  effect  a  rapid  cure 
of  such  bronchial  catarrh  as  may  develop.  Persons  who  live  in 
favorable  conditions  should  be  warned  over  and  over  again  to  regard 
every  bronchial  catarrh,  even  the  slightest,  as  a  serious  occurrence,  and  to 
spare  no  sacrifice  to  counteract  the  tendency  to  chronicity  and  to  the 
frequently  recurring  relapses  connected  therewith.  In  patients  who 
are  in  less  favorable  circumstances  one  has,  sadly  enough,  many  oppor- 
♦  See  also  v.  Leube,  "Specielle  Diagnose  der  inneren  Krankheiten. " 
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tunities  to  see  how  fatal  catarrh  often  may  be,  and  how  little  we  are 
able  to  do  for  it  when  the  external  conditions  of  life  cannot  be  regu- 
lated properly.  This  is  not  the  place  to  discuss  the  methods  of  treatment 
of  bronchial  catarrh,  and  I  have  expressed  my  ideas  on  this  subject 
elsewhere.* 

As  regards  the  use  of  digitalis,  it  must  be  remembered  that  in  mitral 
disease  the  work  of  the  heart  takes  place  under  the  most  favorable  con- 
ditions— first,  when  the  frequency  of  the  contractions  is  as  low  as  possible 
within  a  given  period  of  time,  and,  second,  when  the  duration  of  the 
diastole  is  as  long  as  possible.  These  propositions  consider  merely  the 
mechanic  results  of  the  valvular  lesions. 

The  following  table  shows  the  differences  which  are  deduced  from  an  increase 
of  the  pulse  from  60  to  70  according  to  the  calculations  of  B.  Lewy.f  In  the 
higher  degrees  of  insufficiency  the  demand  upon  the  heart's  action,  even  at  rest, 
is  very  great  when  120  heart-beats  take  place  per  minute.  During  muscular  activity 
with  four  times  the  circulation  that  takes  place  at  rest  the  limit  which  has  been 
set  for  the  hourly  work  of  the  heart  (14.315  mkg.)  when  /?  :  0.7  has  almost  been 
reached.     When  ^  :  0.8  this  limit  has  bieen  overstepped. 

Work  of  the  heart  in  mitral  inmifficiency  in  meter-kilograms  when  the  body  is 
at  rest,  and  during  muscular  exertion,  requiring  four  times  the  amount  of  blood 
needed  at  rest: 

B^  size  of  opening  in  the  valve  as  compared, to  1.     z  »  frequency  of  the  pulse. 

Duration  of  diastole  when  z-»  60 — 0.643  seconds. 

Duration  of  diastole  when  z—  70 — 0.5  " 

Duration  of  diastole  when  z»  120 — 0.2  " 


Pebfsct  Rest. 

Exercise. 
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3859 

0.1 

1352 
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4322 

0.2 

1910 

2096 

2645 

5339 

0.3 

2495 

2782 

3656 

6441 

0.4 

3145 

3547 

4824 

7736 

0.5 

3853 

4389 

5945 

9256 

0.6 

4662 

5357 

7502 

11133 

0.7 

5612 

6507 

9913 

13564 

0.8 

6765 

7941 

12784 

16874 

0.9 

8230 

9762 

>15000 

21742 

1.0 

10068 

12132 

>15000 

27760 

The  actual  condition  becomes  still  less  favorable  through  the  fact  that 
muscular  work  increases  the  burden  of  both  ventricles,  to  the  disadvantage 
of  the  weaker  right  ventricle.  According  to  the  calculations,  for  example, 
when  there  was  muscular  activity  and  when  the  pulse  was  120  and  P  was 
0.7,  the  work  of  the  left  heart  was  increased  only  a  little  over  twice  the 
normal  amount,  while  that  of  the  right  had  to  be  increased  about  five 
times.  The  same  conditions  obtain  in  stenosis  of  the  left  venous  orifice. 
This  stenosis  apparently  offers  the  best  possible  conditions  for  the  em- 

♦JOrgensen,  "Handbuch  der  Therapie  innerer  Krankheiten"  edited  bv  von 
Pentzold  and  Stintzing,  vol.  iii ;  "  Prophylaxe  und  allgemeine  Behandlung  der  Erkran- 
kungen  der  Athmunesorgane/'  p.  3.  "Behandlung  der  Luftr5hrenerkrankimgen/' 
p.  230  of  the  third  edition,  Jena,  1902,  G.  Fischer. 

t  Loc.  cU.,  pp.  532  and  553. 
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ployment  of  digitalis.  It  was  thought  that  the  more  time  the  blood  has 
to  pass  the  narrowed  orifice,  the  greater  would  be  the  amount  which  would 
enter  the  left  ventricle.  Digitalis  increases  the  duration  of  the  diastole, 
and  at  the  same  time  diminishes  the  number  of  "systoles  occurring  within 
a  given  period  of  time.  The  favorable  influence  of  digitalis,  which  thus 
becomes  reasonable,  may  be  applied  also  in  insufficiency  of  the  valve, 
yet  this  does  not  mean  that  digitalis  is  indicated  in  every  case  in  which 
there  is  an  increase  of  the  heart's  action.  A  better  way  to  express  this 
would  be  thus:  Lesions  at  the  left  venous  orifice,  in  so  far  as  the  mechanic 
conditions  which  they  produce  are  concerned,  present  no  contraindica- 
tions against  the  use  of  digitalis. 

INSUFFICIENCY  OF  THE  AORTIC  VALVES. 
Arteriosclerosis  produces  changes  in  the  valves  of  the  aorta  much 
more  frequently  than  does  endocarditis.    Aortic  lesions,  therefore,  occur 


Fio.  66. — a,  The  aorta  cut  open  showing  shrunken  valves  (fe);  c.  ventricular  orifice  of  aorta  (pho- 
tograph from  a  preparation  in  the  Anatomic  Institute  at  TQbingen). 

usually,  it  is  said,  in  about  four-fifths  of  the  cases  in  the  later  periods  of 
life,  and  undoubtedly  are  more  frequent  after  the  ^e  of  forty.  They  are 
often  complicated  with  extensive  disease  of  the  aorta  itself. 

Endocarditis  may  lead  to  the  perforation  or  the  detachment  of  one 
or  more  of  the  aortic  valves.  It  is  also  supposed  that  very  violent  physi- 
cal exertion  may  cause  the  valve  to  become  detached.  Insufficiency  of 
the  aortic  valves  may  be  pure  and  not  complicated  with  stenosis  of  the 
orifice,  but  this  is  not  the  rule.     Fig.  65  shows  a  case  of  pure  insufficiency. 

The  manifestations  of  a  well-developed  but  compensated  insufficiency 
of  the  aortic  valves  are  as  follows:  Hypertrophy  and  dilatation  of  the  left 
ventricle,  jndsus  celer,  and  a  diastolic  murmur  over  the  aorta.  The  general 
condition  is  often  but  slightly  disturbed  for  a  long  period,  at  least  when 
the  valvular  lesion  is  not  too  marked,  and  when  the  heart,  muscle  remains 
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capable  of  performing  its  work.  When  the  patient  undergoes  more 
violent  physical  exertion  or  becomes  mentally  excited,  he  usually  suffers 
from  palpitation  and  less  frequently  from  dyspnea. 

The  behavior  of  the  arteries,  especially  of  the  coronary  arteries,  is  a 
deciding  factor  in  the  course  of  the  disease.  The  degree  and  extent  of 
arteriosclerosis  is  the  most  important  factor  in  determining  the  fate  of 
the  patient.  The  clinical  picture,  therefore,  at  first,  is  that  of  atheroma 
of  the  arteries,  especially  of  the  coronary  arteries,  and  later  becomes  that 
of  cardiac  weakness  (see  p.  376). 

The  experiments  of  Moritz  upon  his  model  showed  that  the  diastolic 
regurgitation  of  blood  from  the  aorta  into  the  ventricle  produces  a  lowering 
of  the  pressure  in  the  less  perfectly  filled  artery,  while,  on  the  other  hand, 
the  pressure  in  the  pulmonary  veins  and  in  the  pulmonary  artery  rises. 
At  the  same  time  the  expulsion-volume  of  the  right  ventricle  is  dindnished. 
(It  was  diminished  only  from  2.0  to  1.8  c.c.  in  the  experiment.)  The 
expulsion-volume  of  the  left  ventricle,  on  the  other  hand,  is  increased 
(from  2.0  to  4.3  c.c.  in  the  experiment)  and  the  ventricle  itself  becomes 
dilated  (to  the  extent  of  1.9  c.c.  in  the  experiment).  The  work  of  the 
left  ventricle  is  considerably  increased  (from  190  to  383  gram-centi- 
meters in  the  experiment).  The  conditions  in  the  right  ventricle  show 
slight  variations  in  both  directions.  In  the  experiment  the  work  of  the 
left  ventricle  was  then  increased  (from  383  to  630  gram-centimeters  or 
64  per  cent.),  and  then  a  relative  overcompensation  was  produced — 
higher  pressure  in  the  aorta  and  lower  pressure  in  the  pulmonary  artery. 
Mechanically  considered,  therefore,  the  work  of  the  left  ventricle  which 
is  dilated  during  diastole  and  which  is  strengthened  by  an  increase  in 
muscular  mass,  is  fully  suflScient  to  compensate  for  the  permanently  in- 
creased labor  required  of  it.  In  animal  experiments  the  reserve  force  of 
the  ventricle  is  at  first  suflScient  to  effect  this  compensation.  But 
one  thing  remains,  and  that  is  the  marked  variations  in  the  filling  of 
the  arteries,  and  this  constitutes  the  danger  in  aortic  insufficiency. 

We  have  already  explained  why  the  right  ventricle,  as  a  rule,  is  slightly 
hypertrophied  (see  p.  321).  This  explanation  is  not  generally  accepted 
as  sufficient.  Some  doubts  may  be  entertained  because  we  are  dealing 
here  only  with  the  very  small  amount  of  blood  which  has  become  necessary 
for  the  nutrition  of  the  hypertrophied  left  ventricle. 

Attempts  at  other  explanations  attribute  the  hjrpertrophy  of  the  right 
ventricle  to  an  increased  labor  which  this  ventricle  itself  is  obUged  to 
furnish.  Liebermeister*  expresses  his  opinion  on  thid  subject  in  the  fol- 
lowing way.  After  having  explained  that  complete  compensation  is  only 
possible  when  every  systole  drives  such  an  amoimt  of  blood  into  the  aorta 
that  the  normal  amoimt  remains  after  subtracting  the  regurgitated 
blood,  and  that  the  left  ventricle  must,  therefore,  become  dilated  and 
hjrpertrophied,  he  continues:  "In  what  way  does  dilatation  of  the  left 
ventricle  take  place,  which  is  sufficient  to  receive  during  diastole  not  only 
the  normal  amoimt  of  blood  from  the  auricle,  but  also  the  blood  regurgi- 
tating from  the  aorta?  Such  a  dilatation  of  a  cavity  with  strong  muscular 
walls  like  the  left  ventricle  does  not  develop  easily,  and  cannot  take  place 
without  previous  and  important  disturbances  in  the  circulation. 

"According  to  current  ideas,  this  dilatation  is  suffered  to  take  place 
as  the  result  of  the  increased  pressure  of  the  blood  that  flows  back  from  the 
aorta.  But  it  can  easily  be  seen  that  this  is  impossible,  for  the  blood 
*  "Vorlesungen,"  vol.  iv,  p.  368. 
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which  regurgitates  from  the  aorta  will  not  dilate  the  ventricle,  but  will 
only  hinder  the  inflow  of  blood  from  the  auricle,  which  normally  takes 
place  under  very  weak  pressure.  A  dilatation  of  the  ventricle  could  only 
Arise  if  the  amount  of  blood  flowing  back  from  the  aorta  and  the  arteries 
were  larger  than  the  amoimt  propelled  into  the  aorta  during  systole,  and 
in  that  case  the  patient  could  live  only  a  short  time. 

"  The  left  ventricle,  therefore,  cannot  be  dilated  by  regurgitating  blood 
from  the  aorta,  except  when  the  blood  from  the  auricle  flows  in  imder  such 
strong  pressure  that  the  ventricle  is  thereby  distended.  The  necessary 
pressure  in  the  auricle  is  obtained  as  the  result  of  stasis  in  the  auricle, 
and  in  the  entire  pulmonary  circulation,  and  also  indirectly  through 
the  increased  work  of  the  right  ventricle.  This  latter  is  the  essential  cause 
of  the  compensating  dilatation  of  the  left  ventricle.  Therefore,  every 
aortic  insufficiency  is  accompanied  by  considerable  disturbances  of  circu- 
lation at  first,  and  only  gradually  can  compensation  become  established. 

"When  dilatation  and  hypertrophy  of  the  left  ventricle  have  once 
developed  to  a  sufficient  degree,  the  stasis  in  the  pulmonary  circulation 
disappears,  the  left  auricle  once  more  empties  into  the  ventricle  without 
an  abnormally  high  pressure,  and  the  right  ventricle  no  longer  is  obliged 
to  furnish  an  increased  amount  of  work.  Thus  congestion  of  the  pul- 
monary circulation  is  not  a  permanent  effect  of  the  compensated  valvular 
lesion,  as  it  is  in  mitral  insufficiency,  but  ceases  whenever  a  sufficient 
dilatation  and  hypertrophy  of  the  left  ventricle  has  taken  place." 

Although  this  view  contains  some  truth,  it  does  not  include  the  whole 
truth.  In  the  experiment  of  the  model  a  rise  of  pressure  was  found  in 
the  pulmonary  artery  and  in  the  pulmonary  veins.  The  right  ventricle, 
therefore,  was  obliged  to  overcome  an  increased  resistance.  This  alone 
means  that  it  must  perform  a  permanently  increased  amount  of  work. 
On  the  other  hand,  its  expulsion-volume  is  diminished,  for  when  the  left 
ventricle  is  not  able  to  empty  all  its  contents  into  the  aorta,  a  correspond- 
ingly diminished  quantity  of  blood  must  enter  into  the  right  ventricle. 
Inasmuch  as  the  latter  cavity  does  not  expel  a  larger  quantity  than  it 
receives,  its  expulsion-volume  is  diminished  by  the  amount  of  blood  that 
flows  back  into  the  left  ventricle  during  diastole.  Thus  the  amount  of 
work  which  it  has  to  do  is  diipinished. 

The  filling  of  the  left  ventricle  is  produced  not  so  much  through  the 
increased  pressure  in  the  pulmonary  veins  and  the  left  auricle,  as  through 
an  increased  pressure  in  the  aorta.  The  latter  pressure  is  chiefly  responsi- 
ble for  the  dilatation,  as  it  brings  into  the  ventricle  larger  masses  of  blood 
imder  high  tension.  Besides,  the  increase  of  pressure  in  the  left  auricle 
certainly  also  comes  into  play.  The  behavior  of  the  living  heart  must 
be  considered  as  alone  decisive,  as  it  introduces  conditions  which  are 
not  so  simple  as  those  in  the  model. 

The  relaxed  heart  is  capable  of  adapting  itself  to  the  amount  of  blood 
filling  it  in  such  a  manner  that  the  more  or  less  extensive  increase  in  the 
elasticity  of  its  muscular  walls  offers  var3dng  resistance  to  the  entrance 
of  the  blood.  The  heart,  therefore,  possesses  a  regulating  mechanism 
which  acts  according  to  the  tasks  required  of  it.  And  here,  when  it  be- 
comes necessary  to  fill  the  left  heart  with  a  rather  large  amount  of  blood, 
this  mechanism  acts  by  favoring  a  primary  dilatation  and  by  diminishing 
the  elastic  tension  during  the  (Uastole.  The  same  mechanism,  however, 
also  possesses  the  property  of  so  shaping  the  systole  that  it  conmiands  an 
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increased  amount  of  driving  force  (reserve  force),  and  thus  is  able  to  drive 
out  a  greater  amount  of  blood  from  the  left  ventricle. 

Whenever  this  adaptation  of  the  heart  does  not  take  place  to  a  proper 
degree,  there  may  be  actually  an  interference  with  the  pulmonary  circula- 
tion. 

*' When  the  tension  of  the  walls  of  the  left  ventricle  does  not  diminish 
in  correspondence  with  the  amount  of  blood  that  enters  this  cavity,  con- 
siderable difficulties  arise  for  the  pulmonary  circulation.  In  order  to 
create  such  obstacles,  it  is  not  necessary  that  the  left  ventricle  should 
dilate  rapidly  and  markedly.  Then,  at  the  beginning  of  diastole,  while  the 
ventricle  is  in  the  stage  of  suction,  the  aortic  blood  that  is  under  such 
high  pressure  flows  into  the  ventricle  in  much  larger  quantity  than  the 
contents  of  the  left  auricle.  Thus  the  suction  of  the  ventricle  which  is  so 
important  for  the  propulsion  of  this  blood  only  comes  into  play  to  a  slight 
extent,  and  naturally  the  obstacle  will  become  very  marked  during  the 
systole  of  the  auricle,  because  the  musculature  of  the  auricles  is  so 
extremely  weak  and  can  develop  only  a  slight  amoimt  of  pressure.  The 
result  is  a  stagnation  of  blood  in  the  left  auricle  and  a  rise  of  pressure  in 
the  latter.  In  fact,  this  influence  of  aortic  insufficiency  upon  the  pul- 
monary circulation  has  been  also  seen  experimentally"  (Krehl).* 

In  their  final  analysis,  therefore,  in  cases  in  which  circulatory  dis- 
turbances take  place  in  the  sphere  of  activity  in  the  right  heart,  the  diffi- 
culties depend  once  more  upon  some  form  of  incapacity  of  the  cardiac 
muscle.  Liebermeisterf  also  emphasized  the  fact  that  this  incapacity 
of  the  heart  muscle  which  leads  to  cardiac  weakness  in  the  end  may  so 
impair  the  pulmonary  circulation  for  a  time  that  hypertrophy  of  the  right 
ventricle  takes  place,  provided  conditions  of  nutrition  are  otherwise  favor- 
able. 

Ingenious  though  Liebermeister's  description  may  be,  it  savors  a  little  too  much 
of  the  mechanic.  In  the  first  place,  the  pulmonary  circulation  is  not  always  affected^ 
not  even  in  animal  experiments.  These  experiments  rather  seem  to  show  that  a 
vigorous  heart,  which  nas  not  been  too  severely  affected  by  the  operation,  is  well 
able  to  take  care  of  the  new  work  which  is  demanded  of  it.J  And  experience  in  man 
certainly  teaches  the  same.  Let  us  rule  out  those  rare  cases  in  which  an  injury  or 
a  great  exertion  leads  to  extensive  changes  in  the  valves.  In  these  cases  one  can 
never  say  whether  and  to  what  extent  the  muscle  will  also  suffer. 

If  the  destruction  of  the  aortic  valves  haa  taken  place  through  endocarditis,  then 
we  have  to  deal  with  a  coccus  infection  which  affects  the  entire  heart  and  extends 
also  into  its  musculature.  If  we  are  dealing  with  atheromatous  changes,  then,  I 
think,  we  may  ask  with  reason  what  the  condition  is  in  the  coronary  arteries,  and 
what  the  state  of  nutrition  of  the  heart  muscle  which  depends  upon  tnese  vessels. 

We  must  always  reckon  with  the  variations  in  the  working  capacity 
of  the  heart  muscle,  which  are  so  great  in  different  individuals,  and  perhaps 
these  variations  are  more  important  than  the  degree  of  mechanic  change 
— that  is,  the  amoimt  of  valvular  destruction.  Of  course,  the  impor- 
tance of  the  latter  must  not  be  underestimated. 

♦  On  p.  17,  he  refers  to  the  experiments  of  S.  Komfeld,  "Ueber  den  Mechanimua 
der  Aorteninsufficienz,"  "Zeits.  f.  Win.  Med.,"  vol.  xxix  (1896),  pp.  344  et  sea. 
Important  also  is  the  experimental  work  of  Hasenfeld  and  Romberg  (see  t  below). 

t  Loc,  ctt.,  p.  373. 

X  Cf.  "Ueber  die  Reservekraft  des  hypertrophischen  Herzmuskels  und  die  Be- 
deutung  der  diastolischen  Erweit«rungsfahigkeit  des  Herzens,"  Hasenfeld  und 
Romberg.  "  Archiv  fttr  experimentelle  Pathologie  und  Pharmakologie,"  Bd.  xxxix 
(1897),  pp.  333  et  acq. 
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According  to  the  calculations  of  Benno  Lewy,*  in  insufficiency  of  the  valve  which 
allows  20  per  cent,  of  the  orifice  to  remain  open,  the  work  required  of  the  heart  is 
multiplied  by  two  and  one-half,  as  compared  with  the  normal,  while  an  opening  of 
83  per  cent,  would  make  the  continuance  of  life  impossible,  inasmuch  as  the  entire 
sum  of  the  muscular  force  available  in  the  whole  oody  would  be  required  by  the 
heart.  (Compare  above,  p.  315.)  Now,  in  many  cases  the  space  left  in  the  aortic 
valve  is  less  than  one-tenth  of  its  diameter,  and  up  to  that  point  the  work  of  the 
heart  increases,  according  to  the  number  of  pulsations:  When  seventy  pulsations 
take  place  per  minute,  it  increases  about  three-fifths  over  the  normal.  When  120 
pulsations  take  place,  it  increases  about  two-fifths.  When  the  defects  are  smaller, 
as,  for  example,  one-twentieth,  the  figures  are  one-third  and  one-fifth  respectively. 
A  heart  with  a  normal  working  capacity  can  fulfil  these  requirements. 

In  order  to  secure  complete  compensation,  primary  dilatation  of  the 
left  ventricle,  with  its  following  hypertrophy,  usually  suffices.  The 
left  ventricle  is  the  best  developed  muscular  tissue  of  the  heart,  and  it  can 
stand  agreat  deal.  But  imder  the  conditions  obtaining  here,  the  capacity 
of  the  arteries,  especially  of  the  aorta,  is  impaired.  Every  systole  throws 
a  larger  amount  of  blood  into  the  aorta,  under  higher  pressure,  and  thus 
produces  a  marked  dilatation  of  the  already  dilated  arterial  trunk.  Every 
diastole,  on  the  other  hand,  allows  it  quickly  to  return  to  a  state  of  rest. 
This  puts  increased  requirements  upon  the  elastic  wall  of  the  vessel. 
When  these  walls  fail  to  perform  their  fimction  properly,  arteriosclerosis, 
with  all  its  consequences,  develops.  The  coronary  arteries  which  are 
involved  in  this  arteriosclerosis  give  rise  to  severe  and  extreme  disturb- 
ances of  nutrition,  which  are  accompanied  by  symptoms  of  cardiac 
neuroses,  leading  up  to  marked  angina  pectoris. f  The  aorta  itself  becomes 
dilated,  especially  in  its  ascending  portion,  and  later  in  the  arch.  Usually 
this  dilatation  is  tubular,  imiform,  less  often  sacculated  and  circumscribed. 
[The  pathology  of  arteriosclerosis  has  been  discussed  in  other  portions  of 
this  work  but  not  included  in  the  translation. — Ed]. 

The  characteristic  sphygmogram  of  aortic  insufficiency  will  be  dis- 
cussed later.  Suffice  it  here  to  say  that  the  pulse  is  hard  (durus),  tensely 
filled,  and  high  (altus),  that  the  artery  is  strongly  dilated,  while  the  pulse 
rapidly  rises  and  falls — in  other  words,  is  boimding  (celer).  When  the 
compensation  is  good,  the  average  pressure  does  not  exceed  the  normal 
limits. 

Anatomic  Data. — Bamberger  describes  the  anatomy  of  aortic  in- 
sufficiency as  follows: 

**  When  the  atheromatous  process  is  at  the  bottom  of  the  trouble,  the 
aorta  and  its  branches  are  usually  involved  also,  and  these  vessels  seem 
to  be  the  point  of  origin  of  the  d^ase.  Yet  it  happens  not  infrequently 
that  but  slight  traces  of  the  process  are  visible  in  the  aorta  and  its 
branches,  for  example,  slight  gelatinous  deposits  or  an  unimportant  fatty 
degeneration,  while  the  valves  are  very  greatly  changed.  The  process 
not  infrequently  affects  also  the  venous  valves,  especially  the  mitral. 

''When  endocarditis  is  the  cause  of  the  disease,  the  aortic  valve  is 
rarely  affected  alone,  but  usually  the  mitral,  less  frequently  the  tricuspid, 
valve,  is  also  involved,  and  if  we  can  trust  to  appearances  during  life,  the 
aortic  valve,  as  a  rule,  becomes  diseased  only  after  the  mitral  valve  has 
been  affected." 

I  should  not  like  to  attribute  too  much  importance  to  the  last-mentioned  asser- 
tion.   According  to  Bamberger's  own  observation  (see  table,  p.  311),  there  were 

*  Loc.  dt.y  pp.  538  ei  seq. 

t  Cf.  Krehi,  Diseases  of  the  Myocardium. 
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only  nine  cases  out  of  forty-five  instances  of  valvular  disease  localized  in  the  aorta, 
in  which  the  mitral  and  the  aorta  were  simultaneously  affected.  Biermer,  it  is  true, 
counted  283  cases  with  localization  in  the  aorta  alone,  against  110  in  both  valves 
simultaneously.  A  great  difference  is  noted  when  the  results  of  the  observations 
of  different  authors  are  compared.  It  is  impossible  to  control  these  data  sufficiently 
to  give  a  definite  opinion.  The  only  fact  that  seems  to  be  established  in  this  connec- 
tion is  the  very  great  freauency  with  which  the  combination  of  lesions  in  the  aorta 
and  the  mitral  is  observea. 

The  changes  in  the  valve  are  essentially  the  same  as  those  already 
described  in  the  venous  valves,  modified  as  the  result  of  the  different  ana- 
tomic shapes  of  the  valvular  structures  involved.  The  disease  affects  all 
three  flaps,  or  else  one  or  the  other  of  the  three.  In  addition  to  thick- 
ening, rigidity,  and  impaired  mobility,  it  should  be  noted  that,  as  a  result 
of  the  shrinking  of  the  valve  and  its  insertion  ring,  a  markedly  shrunken 
flap  not  infrequently  lies  lower  than  the  others,  so  that  the  hollow  exist- 
ing in  this  flap  becomes  diminished  on  account  of  the  loss  of  its  con- 
cavity, or  that  the  valve  may  often  become  perforated  or  detached  from 
its  insertion  ring.  In  the  majority  of  cases  the  valve  is  thickened  and 
studded  with  deposits  of  new  tissue,  and  thus  a  certain  degree  of  stenosis 
is  produced,  although  this  stenosis  is  often  so  slight  that  it  does  not  re- 
quire consideration. 

The  change  which  the  heart  undergoes  in  this  form  of  valvular  disease 
consists,  in  the  first  place,  of  a  dilatation  with  hypertrophy  of  the  left 
ventricle,  both  of  which  are  almost  always  very  marked.  The  walls  of  this 
cavity  may  reach  2.7  cm.  in  thickness,  while  its  cavity  very  commonly 
becomes  large  enough  to  admit  a  large  fist,  and  the  diameter  of  the  ven- 
tricle is  very  often  as  much  as  13  cm.  in  every  direction.  The  dilatation 
always  predominates,  and  when  no  complication  exists,  especially  stenosis 
or  marked  atheromatous  process  in  the  aorta,  the  thickness  of  the  ventric- 
ular wall  rarely  exceeds  from  1.3  to  1.6  cm. 

The  character  of  the  dilatation,  however,  is  also  quite  characteristic 
for  the  valvular  affection  under  consideration;  for  it  consists  essentially 
in  a  dilatation  of  the  aortic  portion  of  the  ventricle.  If  we  imagine  the 
left  ventricle  divided  into  two  portions  along  its  long  axis,  the  inner  por- 
tion of  the  two  corresponding  to  the  aortic  entrance  (aortic  portion),  while 
the  outer  corresponds  to  the  mitral  valve  (auriculo ventricular  portion), 
then  these  will  have  a  fairly  equal  capacity  under  normal  conditions.  In 
aortic  insuflSciency,  however,  the  former  portion  is  enlarged  so  markedly 
at  the  expense  of  the  latter  that  almost  the  entire  cavity  of  the  ventricle 
seems  to  belong  to  the  aortic  portion. 

The  papillary  muscles  also  take  part  in  the  hypertrophy  of  the  ventricle. 
They  become  thick  and  elongat^.  The  trabeculae  also  show  similar 
changes.  The  ventricular  septum  in  marked  cases  becomes  convex 
toward  the  right  ventricle,  thus  lessening  the  capacity  of  the  latter.  The 
flaps  of  the  bicuspid  are  frequently  stretched  and  elongated  (as  the  result 
of  a  dilatation  of  the  ventricle  and  possibly  also  of  hypertrophy  of  the 
papillary  muscles),  and  this  is  especially  noticeable  in  the  aortic  flap. 
The  tissue  of  this  valve  is  also  often  involved,  but  in  most  cases  there  is 
simple  thickening  or  scattered  calcareous  deposits,  especially  on  the  aortic 
flap.  The  left  auricle,  as  a  rule,  is  neither  dilated  nor  hypertrophic,  and 
in  this  differs  radically  from  the  ventricle. 

A  well-marked  change  in  form  and  in  capacity  is  almost  always  noted 
in  the  right  ventricle.  Its  cavity  becomes  elongated,  scythe-shaped,  con- 
cave toward  the  left.    The  cavity  is  apparently  stretched  over  the  septum 
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of  the  ventricle,  which  is  elongated  and  strongly  convex  to  the  right,  so  that 
the  transverse  diameter  of  the  right  ventricle  is  greatly  diminished ;  in  fact, 
in  very  marked  cases  the  walls  of  this  cavity  at  its  lower  portion  are 
almost  in  contact.  A  rather  imperfect  compensation  for  this  loss  of  space 
takes  place  by  a  dilatation  of  the  upper  portion,  especially  of  the  cone  of 
the  pulmonary  artery,  and  usually  by  a  moderate  hypertrophy  of  this 
portion. 

Any  other  condition  of  the  ventricle  than  that  described  rarely  occurs,  except 
as  the  result  of  complications,  especially  affections  of  the  mitral  valve,  pulmonary 
diseases,  or  in  cases  with  a  slight  aortic  insufficiency  and  its  consequences. 

The  right  auricle  and  the  veins  which  enter  into  it  are  usually  mark- 
edly dilated  when  the  disease  has  lasted  for  some  time,  and  this  dilatation 
takes  place  partly  as  the  result  of  the  lessened  space  in  the  right  ventricle,* 
and  partly  through  the  effect  of  the  valvular  lesion  upon  the  venous  circu- 
lation, which  we  shall  describe  later. 

The  aorta  is  dilated  often  so  much  that  it  exceeds  the  diameter  of  the 
pulmonary  artery  by  more  than  half.  The  form  and  position  of  the 
heart  show  essentially  the  following  changes: 

"The  increase  in  the  size  of  the  heart  is  very  marked — more  marked, 
with  a  few  exceptions,  than  in  all  other  simple  valvular  diseases.  It 
involves  only  the  left  ventricle,  with  the  exception  just  noted,  while  the 
right  ventricle  often  appears  only  as  a  small  appendage.  Inasmuch  as 
the  principal  axis  of  the  left  ventricle  is  the  longitudinal,  the  heart  appears 
to  be  enlarged  chiefly  in  its  long  diameter.  But  in  all  rather  well-marked 
cases  the  heart  also  increases  more  or  less,  in  width,  as  the  result  of  the 
simultaneous  increase  in  the  size  of  the  transverse  diameter  of  the  ven- 
tricle. 

"  The  apex  becomes  more  obtuse,  and  at  the  same  time  more  elongated, 
whereby  the  apex  of  the  right  ventricle  grows  further  distant  from  the 
apex  of  the  heart  than  usual,  and  seems  to  be  pushed  up,  while,  as  a 
matter  of  fact,  the  left  ventricle  has  simply  grown  down  further.  The 
heart  is  turned  a  little  toward  the  right,  on  its  vertical  axis,  so  that  a  larger 
portion  of  the  left  ventricle  than  normally  is  turned  forward,  and  is 
in  contact  with  the  chest-wall.  At  the  same  time  the  heart  lies  more 
horizontally,  and  its  apex  is  turned  more  toward  the  left." 

The  Physical  Examination. — The  movements  of  the  heart  are  visible 
and  palpable  over  an  extended  area.  On  the  left  side,  they  may  be 
perceived  up  to  the  axillary  line  or  beyond  it,  not  only  in  one  intercostal 
space,  but  in  several.  When  there  is  marked  hypertrophy,  the  thorax 
moves  over  a  surface  of  the  size  of  a  hand.  There  may  be  a  permanent 
distention  of  the  thorax  (precordial  bulging).  The  further  outward  the 
heart's  action  is  perceptible,  the  lower  downward  can  the  heart-beat  be 
detected — ^usually  in  the  sixth  and,  often  enough,  even  in  the  seventh 
or  eighth  intercostal  space,  although  the  latter  is  exceptional. 

The  apex-beat  is  broad  and  heaving.  In  order  to  determine  its  loca- 
tion definitely,  it  is  best  to  pass  the  palpating  finger  from  behind  forward, 
from  the  spine  to  the  sternum,  in  the  intercostal  space  which  we  wish  to 
examine.    The  spot  where  the  finger  can  be  felt  to  be  distinctly  lifted  by 

*  This  point  has  been  emphasized  in  the  past  by  various  authorities,  among 
them  Friedreich.  No  proof  has  ever  been  brougnt  that  diminution  in  the  size  of  the 
ventricle  actually  takes  place.  Later  this  explanation  of  the  change  in  the  pulmon- 
ary circulation  disappears  from  the  literature,  v.  Dusch,  in  his  "Lehrbuch,"  which 
appeared  as  early  as  1868,  objected  to  it  on  theoretic  grounds. 
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the  tense  ventricular  apex  indicates  the  location  of  the  true  apex-beat. 
Besides  the  apex-beat,  we  should  note  changes  in  position  and  systolic 
and  diastolic  movements  which  affect  the  entire  heart.  During  the 
systolic  contractions  the  corresponding  portion  of  the  heart  muscle  natur- 
ally also  becomes  tense,  and  therefore  can  also  be  determined  by  palpation 
from  without  inward. 

The  arteries,  even  the  ascending  aorta  itself,  may  be  seen  to  pulsate 
vigorously.  The  head  may  be  so  involved  in  the  motion  that  we  see  it 
move  rhythmically  from  a  distance,  and  even  the  smaller  arteries  may  be 
seen  to  pulsate.  Very  often,  especially  in  the  cases  of  arteriosclerosis, 
the  aortic  arch  is  found  to  be  situated  so  high  that  it  conmiunicates  its 
motions  to  the  soft  parts  above  the  jugulum.  A  finger  pressed  in  at  that 
point  can  feel  the  aortic  arch. 

A  systolic  thrill  is  said  to  be  palpable  in  some  cases,  in  addition  to  the  diastolic, 
in  the  region  of  the  third  left  costal  cartilage  and  of  the  adjoining  segment  of  the 
sternum.  Bamberger  noted  the  diastolic  thrill  but  rarely,  and  attributed  the  sys- 
tolic thrill  not  to  the  insufficiency,  "but  to  rough  surfaces  in  the  usually  stenosed 
orifice."  Accordingly,  a  stenosis  of  the  aortic  orifice  might  be  made  out  from  the 
presence  of  this  thrul.     Gerhardt,*  with  whom  I  agree,  remarks  on  this  subject: 

''In  addition  to  a  variably  marked  pulsation  of  the  intercostal  spaces  in  the 
region  of  the  apex,  we  often  observe  a  pulsation  at  the  sternal  end  of  the  second 
or  third  intercostal  spaces,  and  in  these  cases  we  usuallv  feel  at  this  point  a  diastolic 
thrill  which  is  distinctly  transmitted  downward,  or  else  both  a  systolic  and  a  diastolic 
thrill."  Bamberger  probablv  meant  the  cases  in  which  there  was  no  dilatation  of 
the  ascending  aorta,  but  such  cases  are  less  frequent. 

A  systolic  thrill  can  be  felt  in  the  region  of  the  apex-beat,  and  more 
especially  in  the  surrounding  parts,  when  the  heart's  action  becomes  some- 
what excited.  This  systolic  thrill,  in  my  opinion,  is  derived  only  from  the 
more  rapidly  contracting  muscular  fibers  of  the  hypertrophied  heart. 
The  sensory  perception  itself  is  characteristic,  to  a  certain  extent,  for  the 
experienced  observer. 

Percussion  gives  an  outline  of  the  dulness,  which  is  enlarged  especially 
in  the  longitudinal  direction,  although  a  less  extensive  increase  in  the 
width  of  the  area  can  also  be  demonstrated.  (See  pp.  392  and  393,  and 
Figs.  70  and  71.)  When  heart  weakness  develops,  the  size  of  the  area 
of  dulness  naturally  increases,  and  also  spreads  to  the  left,  where  the 
boimdary-line  becomes  more  and  more  concave  inward.  Then  the  hori- 
zontal increase  may  exceed  the  vertical  (Fig.  72) .  By  delicate  topographic 
percussion  we  can  often  demonstrate  a  dilatation  of  the  ascending  aorta. 

The  characteristic  sign  on  auscultation  is  the  dijastoUc  murmur,  which 
is  heard  loudest  at  the  sternum  in  the  second  right  intercostal  space,  but 
which  also  is  clearly  heard  beneath  the  sternum  itself.  The  classic  authors, 
that  is,  those  who,  with  their  contemporaries,  laid  great  and  greatest  stress 
upon  the  diagnosis  of  valvular  lesions,  vary  somewhat  as  to  the  place 
where  this  murmur  is  heard  most  distinctly,  or,  in  other  words,  where  it  is 
loudest.  In  my  own  opinion,  these  differences  are  of  but  slight  importance. 
On  the  other  hand,  the  conditions  of  transmission  which  are  dependent 
upon  the  varying  position  of  the  point  of  origin  of  the  murmur  in  relation 
to  the  thoracic  wall  are  of  great  importance.  The  valves  of  the  aorta 
must  naturally  take  part  in  the  change  of  position  which  this  vessel  under- 
goes in  virtue  of  the  hypertrophy  and  dilatatron  of  the  left  ventricle.  Even 
Gerhardt  pays  a  tribute  to  the  teachings  of  his  youth  when  he  remarks: 
'*  In  several  instances  I  could  not  conceal  the  fact  that  the  murmur  was 

*"Lehrbuch,"p.  315. 
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louder  at  the  left  side  of  the  sternum  than  at  the  right,  in  spite  of  the  fact 
that  aortic  insuflSciency  had  been  made  out  by  all  who  had  examined  the 
case." 

If  we  pass  with  the  stethoscope  from  the  sternum  to  the  portions  of 
the  chest  which  adjoin  it  on  either  side,  the  murmur  becomes  distinctly 
fainter.  The  transmission  is  not  so  good  where  ribs  and  intercostal 
muscles  lie  side  by  side,  as  through  the  uniformly  dense  bone.  The 
diastolic  murmur  is  also  transmitted  into  the  carotids,  and  also  to  the 
apex  of  the  heart,  being  led  in  both  instances  along  the  blood-stream. 
Yet  it  does  not  alwa)rs  follow  that  the  murmur  is  audible  at  either  of  these 
points. 

The  sensory  impression  directly  produced  by  the  murmur  has  been  the 
subject  of  much  attention,  and,  I  believe,  with  good  reasons.  Friedreich* 
makes  the  following  remarks  on  this  subject: 

''It  seems  remarkable  that  the  murmurs  of  aortic  insufficiency  occurring  in  dif- 
ferent individuals  present  many  features  in  conunon  as  regards  pitch  and  character. 
While,  for  example,  the  murmurs  of  mitral  insufficiency  show  much  greater  differ- 
ences in  this  respect,  and  are  sometimes  blowing,  sometimes  whistling,  and  some- 
times more  rough  and  uneven,  the  murmur  of  aortic  insufficiency  consists  almost 
always  of  a  long-drawn  rustling  and  hissing  sound,  which  is  ciuite  deep  in  pitch,  so 
that  a  trained  ear  usually  succeeds  in  diagnosticating  it  without  reference  to  the 
place  where  it  occurs  with  greatest  intensity." 

In  addition  to  the  whistling  soimd,  a  diastolic  tone  may  also  be  heard. 
This  is  possible  when  a  valve  has  remained  capable  of  opening  and  of 
vibrating,  and  is  probably  more  often  heard  in  valves  that  have  been 
destroyed  by  ulcerating  endocarditis  than  in  those  which  have  suffered 
through  arteriosclerosis.  A  still  distinct  or  even  an  increased  diastolic 
tone  has  been  frequently  reported,  without  further  data.  Some  authors, 
however,  as,  for  instance,  Friedreich,  ask  whether  this  tone  may  not  be 
transmitted  from  the  pulmonary  artery. 

What  can  we  hear,  in  addition  to  the  diastolic  murmur,  when  we  listen 
over  the  aorta  during  systole?  Frequently  we  do  not  hear  a  tone,  but 
merely  a  murmur,  or  elsie  both  a  tone  and  a  murmur  together.  Here  we 
have  a  variety  of  causes  for  the  development  of  the  murmur. 

1.  If  the  aorta  has  become  markedly  dilated  above  its  bulb, — and  this  occurs 
by  no  means  rarely,  as  we  have  pointed  out, — then  the  eddying  movements  which 
produce  the  murmur  may  arise  when  the  blood  is  driven  with  great  fcM-ce  from  the 
narrow  into  the  wider  part  of  the  tube.  This  is  rather  common,  according  to  the 
present  view.  (Compare  the  statements  made  above,  p.  326.)  I  do  not  quite  under- 
stand the  explanation  which  Sahli*  briefly  mentions  without  naming  its  author: 
''The  systolic  murmur  is  said  to  be  the  result  of  the  impact  between  the  diastolic 
regurgitating  stream  and  the  systolic  stream.'' 

2.  Experiments  have  shown  that  a  steadily  flowing  stream  which  passes  through ' 
a  glass  tube,  and  which  does  not  give  any  auditory  sensations  when  its  velocitv  is 
moderate,  will  do  so  as  soon  as  its  velocity  is  increased  to  a  certain  extent.  Then 
a  murmur  becomes  audible.  Gerhardt's  explanation  is  based  upon  the  following 
facts:  ''In  explaining  the  murmur  of  pure  aortic  insufficiencies  with  smooth  walls 
we  must  remember  that  the  left  arterial  orifice,  even  in  health,  presents  a  narrow 
portal  which  does  not  give  rise  to  any  murmur  between  the  left  ventricle  and  the 
aorta.  When  the  blood-stream  increases  in  velocity,  as  happens  in  aortic  insuffi- 
ciency, the  conditions  mav  be  favorable  for  the  development  of  a  murmur  on  the 
farther  side  of  this  natural  smooth  stenosis." 

3.  The  murmur  mav  be  produced  when  roughnesses,  irregularities,  in  short, 
anything  that  increases  the  friction  of  the  passing  blood,  and  thus  produces  irregular 
vibrations,  occur  upon  the  valves  themselves,  or  on  the  inner  wall  of  the  neighboring 
portion  of  the  aorta. 

*  Loc,  cit.,  p.  371.  t  L^'  cU'j  p.  343. 
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4.  A  true  narrowing  of  the  orifice,  in  other  words,  a  true  stenosis,  may  also  be 
the  cause  of  this  murmur. 

Bamberger  also  remarks,  in  a  general  way,  that  a  systolic  murmur  is 
always  considerably  shorter,  though  not  always  fainter  than  a  diastolic. 
This  is  self-evident  from  the  shorter  duration  of  the  systole.  The  tone  that 
may  be  audible  resembles  a  dull  soimd,  according  to  Bamberger — either 
a  murmur  or  nothing  at  all. 

A  pure  systolic  tone  is  not  very  frequently  heard  over  the  mitral. 
This  statement  is  made  by  nearly  all  authors,  and  is  no  doubt  correct, 
although  it  can  scarcely  be  satisfactorily  explained.  It  has  been  thought 
that  tissue  changes  may  occur  in  the  mitral  valve,  thickenings  as  the  result 
of  the  endocarditis  which  extends  to  the  valve.  But  the  flaps  may  also 
be  perfectly  intact,  and  then  this  explanation  will  no  longer  suffice. 
We  are  reduced,  therefore,  in  the  explanation  of  the  "  accidental"  murmur, 
to  the  choice  between  the  possibility  that  it  arises  through  a  disturbed 
action  of  the  muscles  concerned  in  the  closure  of  the  valves,  or  through 
a  disturbance  of  the  vibrations  of  the  valvular  flaps.  I  think  the  more 
common  occurrence  is  the  muscular  insufficiency  of  the  mitral .  When  one 
has  occasion  to  observe  the  beginning  of  an  aortic  lesion  produced  by 
endocarditis,  which  ends  in  an  insufliciency  of  this  valve,  one  can  notice 
how  remarkably  variable  is  the  S3^tolic  murmur  over  the  mitral.  As  a 
rule,  it  is  loud  at  the  beginning  of  the  disease,  perhaps  so  loud  that  the 
murmur  which  is  referred  to  the  aorta  itself  appears  of  no  importance, 
so  that  one  sometimes  is  at  a  loss  to  know  where  the  seat  of  the  endocarditis 
is  to  be  looked  for.  During  the  further  course  of  the  case,  however,  when 
the  insufficiency  of  the  aortic  valves  becomes  well  marked,  the  systolic 
mitral  murmurs  pass  more  and  more  into  the  backgroimd.  (Cf.  also 
case  VI,  p.  392.) 

I  should  explain  this  in  the  following  way:  The  endocarditis  is,  as 
always,  complicated  by  myocarditis,  and  the  latter  is  the  cause  of  the 
insufficient  closure  of  the  valves,  as  in  all  insufficient  muscular  work  in 
the  heart.  When  the  endomyocarditis  progresses  to  recovery, — let  us 
say,  more  accurately,  to  considerable  improvement, — ^the  muscular  in- 
sufficiency at  the  bicuspid  also  disappears. 

When  the  conditions  of  the  thorax  are  favorable,  we  can  demonstrate 
the  variations  in  the  cardiac  area  according  to  the  working  capacity  of 
the  muscles,  day  by  day,  to  the  extent  of  several  centimeters.  The  in- 
crease in  size  of  this  area  which  characterizes  the  early  stages  either 
disappears  entirely  or  is  considerably  reduced  toward  the  end. 

The  fact  that  the  murmur  returns  when  a  loss  of  compensation  de- 
velops is  frequently  mentioned  and  is  very  true.  This  and  the  increase 
in  the  size  of  the  area  of  dulness  are  also  referable,  imdoubtedly,  to 
the  same  cause. 

What  disturbs  the  regular  vibrations  of  the  valvular  flaps?  The 
opinions  which  have  been  expressed  on  this  subject  can,  I  think,  scarcely 
withstand  a  critical  examination.  I  should  like  to  except,  however,  the 
explanation  of  Geigel  (see  p.  336). 

Bamberger  says:  "A  pure  systolic  tone  is  not  venr  frequently  heard  at  the  mi- 
tral valve,  even  when  this  structure  is  perfectly  free  from  aisease.  The  reason  for 
this  I  think  is  chiefly  the  rather  eccentric  position  of  the  venous  orifice  (see  above, 
p.  379),  whereby  the  direction  of  the  sjrstolic  blood-stream  is  entirely  changed  and  the 
valve  is  only  hit  tangentially  by  the  entire  mass  of  blood  which  fills  the  aortic  portion." 
The  idea  is,  evidently,  that  the  valve  is  set,  but  is  not  rendered  sufficiently  tense 
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by  the  systolic  impact  of  the  mass  of  blood.  With  the  aid  of  a  little  imagination 
we  can  picture  to  ourselves  approximately  what  Bamberger  meant,  but  this  scarcely 
explains  the  origin  of  the  murmur.  Nor  are  the  "further  reasons ''  more  satisfactory : 
"The  hypertrophy  of  the  wall  of  the  ventricle  which  acts  as  a  bad  conductor (?),  the 
increased  pulsation  at  the  apex  which  produces  a  dull  sound  at  the  thoracic  wall 
and  the  freauently  coexisting  thickening  of  the  mitral  valve."  Bamberger  is,  there- 
fore, obliged  to  fall  back  upon  the  sound  produced  bv  the  muscle,  and  forgets  that  a 
thickenea  valve  cannot  be  caUed  "perfectly  normal." 

Another  explanation  is  given  by  Traube.*  He  assumes  that  the  systolic  tone 
heard  over  the  ventricles  is  not  a  muscle  sound,  as  Stokes  would  have  it,  but  a  valvu- 
lar tone  in  the  origin  of  which  the  mitral  plays  a  prominent  part.  He  takes  the  view 
that  "a  great  part  of  the  acoustic  phenomena  of  the  circulatory  apparatus,  both 
normal  and  abnormal,  have  their  on^n  in  the  fact  that  membranes  cnange  from  a 
condition  of  low  tension  to  one  of  higher  tension,  and  that  the  intensity  of  a  tone  or 
murmur  thus  produced  depends  upon  the  different  tensions  which  the  tone-pro- 
ducing membrane  undergoes  in  rapid  succession."  When  the  aortic  valves  are 
insufficient,  "the  differences  of  tension  which  the  mitral  successively  assumes  fall 
below  the  normal;  for,  on  the  one  hand,  the  initial  tension,  that  is,  the  tension  of 
the  valve  at  the  end  of  the  ventricular  diastole,  is  increased;  and,  on  the  other  hand, 
the  final  tension,  that  is,  the  tension  of  the  valve  during  the  systole  of  the  left  ven- 
tricle, is  diminished.  The  initial  tension  is  increased  because  the  valve  is  under  the 
pressure  of  the  aortic  blood  at  the  end  of  the  ventricular  diastole,  and  this  pressure 
IS  evidently  far  greater  than  that  exercised  by  the  weak  muscle  of  the  left  auricle. 
The  final  tension  of  the  valve  is  diminished,  because  the  left  ventricle  is  obliged  to 
drive  its  contents  into  a  system  of  tubes  which  has  a  lower  tension  than  natural. 
While  the  sum  of  the  resistances  to  be  overcome  by  the  ventricle  is  thus  lowered 
considerably  below  normal,  the  increase  of  tension  which  its  wall  undergoes  during 
the  contraction — and  the  closed  mitral  forms  an  integral  part  of  this  wall — must 
needs  be  less  than  under  normal  conditions. 

When  the  successive  differences  of  tension  in  the  mitral  valve  become  less,  then 
the  vibrations  of  the  valve  membranes  must  lose  in  amplitude.  This  may  become 
so  slight  that,  under  the  conditions  of  conduction  which  exist  in  these  cases,  they 
no  longer  can  be  transmitted  to  the  ear,  and  thus  the  tone  produced  by  the  valves 
becomes  inaudible. 

The  following  objections  may  be  made  against  this  explanation:  Admitting 
that  the  systolic  tone  at  the  mitral  arises  through  vibration  of  the  tense  membrane, 
and  that  its  intensity  depends  upon  the  differences  in  tension,  we  may  ask:  why 
does  the  final  tension  of  tne  mitral  diminish?  For,  how  do  we  know  that  the  sum 
of  the  resistances  to  be  overcome  by  the  ventricle  is  diminished  considerably  below 
its  normal  value?  What  produces  the  hypertrophy  of  the  left  ventricle  if  such  be 
the  case? 

Traube  and  his  immediate  followers  maintain  that  "no  svstolic  tone  whatever 
is  formed  at  the  mitral  in  typical  cases  of  aortic  insufficiency.  *  This  statement  is 
not  confirmed  by  our  best  observers.  He  who  wishes  to  study  the  question  as  to 
the  s^rstolic  tone  or  murmur  at  the  apex  in  aortic  insufficiencv,  in  my  opinion,  should 
examine  cases  that  are  perfectly  compensated.  If  a  considerable  change  from  the 
normal  is  observed  in  such  cases,  then  muscular  insufficiency  of  the  mitral  closure 
would  be  less  probable.  My  own  material  is  not  sufficient  for  this  purpose,  for  in  the 
Policlinic  we  see  onlypatients  suffering  from  heart  trouble  when  they  notice  a  loss 
of  cardiac  function.  Tne  family  physician  with  a  large  practice  would  be  in  a  better 
position  to  make  observations  upon  this  question. 

[The  author,  like  the  majority  of  recent  German  writers,  pays  no  at- 
tention to  the  presystolic  murmur  called  after  Austin  Flint,  who  described 
it  in  1862  as  caused  by  the  reflux  from  the  aorta  producing  a  relative 
mitral  stenosis.  I  believe  such  a  murmur  sometimes  occurs,  but  very 
rarely,  so  that  a  diagnosis  of  organic  mitral  stenosis  is  usually  safer.  For 
a  full  discussion  and  the  opposite  view  see  W.  S.  Thayer,  *' Observations 
on  the  Frequency  and  Diagnosis  of  the  Flint  Murmur  in  Aortic  Insuffi- 
ciency," "Transactions  of  the  Association  of  American  Physicians,"  1901. 
—Ed.]. 

*  "Ueber  zwei  eigenthflmliche  Phanomene  bei  Insufficienz  der  Aortenklappen," 
"Gesammelte  Abhandlungen,"  Bd.  ii.  p.  793  et  seq, 
t  Fraentzel,  "Vorlesungen,"  Bd  li,  p.  105. 
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Peculiar  manifestations  may  be  heard  over  the  arteries  in  aortic  insuffi- 
ciency. Over  the  large  vessels  near  the  heart,  for  example,  the  subclavian 
and  the  carotid,  in  which  a  systolic  and  a  diastolic  tone  are  normally 
present,  we  hear  a  systolic  murmur  of  short  duration,  usually  of  a  rough 
character,  and  often  accompanied  by  a  palpable  thrill.  The  diastolic 
murmur  from  the  aorta  is  not  to  be  heard  here  in  the  majority  of  cases,  nor 
is  the  thrill  to  be  felt.  The  diastolic  tone  which  normally  is  heard  over 
these  arteries  disappears,  and  can  be  heard  over  them  only  when  it  can 
be  perceived  over  the  aorta. 

Over  the  smaller  arteries,  as,  for  example,  the  radial,  which  usually 
do  not  give  any  auditory  sensations,  we  hear  in  systole  a  short,  toneless 
noise,  which  has  been  compared  by  Bamberger  to  a  fillip.  This  sound 
can  be  heard  even  with  the  unaided  ear,  and  if  we  wish  to  use  the  steth- 
oscope then  we  must  take  care  not  to  compress  the  artery,  otherwise  a 
murmur  would  be  developed  at  the  point  of  narrowing,  as  usutd,  and  would 
have  no  significance  whatever. 

Some  unusual  sounds  may  also  be  heard  over  the  large  arteries  further 
removed  from  the  heart.  Usually  the  crural  artery  is  selected  for  the 
observation.  Normally  this  artery  shows  no  auditory  phenomena,  but  it 
can  be  easily  understood  that,  under  these  conditions,  it  may  develop  a 
systolic  tone  just  as  the  smaller  vessels.  But,  in  addition,  it  may  also 
show  a  sound  coincident  with  the  diastole  of  the  heart.  When  a  systolic 
and  a  diastolic  tone  are  present,  their  origin  is  explained  by  assuming  that 
the  wall  of  the  artery  is  rendered  tense  enough  during  the  systole  of  the 
hypertrophied  ventricle  to  develop  audible  vibrations.  The  diastolic 
relaxation  of  the  artery  (see  p.  383,  the  explanation  by  Traube), 
during  which  in  these  cases  the  blood  escapes  at  once  in  two  directions, 
takes  place  rapidly  and  forcibly,  and,  therefore,  may  again  produce  a  tone. 
According  to  another  explanation,  a  second  positive  wave  is  produced  in 
the  artery  from  the  remnants  of  the  aortic  valve,  or,  when  these  are  com- 
pletely destroyed,  from  the  ventricular  wall  itself.  (The  chief  supporter 
of  this  view  is  Friedreich.) 

A  greater  importance  is  ascribed  to  the  double  murmur  which  has  been 
named  after  Duroziez.  A  moderate  pressure  with  the  stethoscope,  applied 
over  the  crural  artery,  allows  us  to  discover  a  murmur  synchronous  with 
the  cardiac  systole  and  another  murmur  with  the  diastole.  The  systolic 
murmur  arises  from  the  eddies  of  blood  which  stream  through  the  narrow 
portion  of  the  vessel  over  which  pressure  is  exercised.  In  the  same  way 
the  diastolic  murmur  arises  through  the  rapid  return  flow  which  occurs  in 
the  colunm  of  blood  as  the  result  of  aortic  insufficiency,  for  the  reason  that 
the  resistances  which  are  offered  to  this  column  by  the  capillaries  are 
greater  than  those  in  the  relaxed  heart.  A  great  deal  has  been  written 
about  the  auscultatory  phenomena  over  the  crural,  and  a  great  deal  of 
discussion  has  taken  place  on  the  subject.  Here  we  cannot  go  into  details, 
and  I  refer  those  who  are  interested  to  the  literature*  of  the  subject. 

The  behavior  of  the  pulse  is  of  great  importance,  especially  in  cases 
caused  by  endocarditis.  In  those  due  to  arteriosclerosis  the  peculiarities 
of  the  pulse  which  are  the  result  of  valvular  insufficiency  are  less  prominent 

*  Traube,  loc.  cU.y  and  "Gesammelte  Beitrftge,"  vol.  iii,  p.  80.  The  most  impor- 
tant articles  are  in  "Deutsches  ArchivfQr  klinische  Medicin,"  Talma,  vol.  xv;  uer- 
hardt,  vol.  xvi;  Bamberger,  vol.  xix;  Friedreich,  Winternitz,  vol.  xxi;  Matterstock, 
vol.  xxii;  Schreiber,  vol.  xxviii;  Friedreich,  vol.  xxix.  The  last  contains  the  entire 
literature. 
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and  there  may  be  almost  no  difference  in  the  pulse  observed  as  compared 
to  that  occurring  in  pure  arteriosclerosis,  which,  it  is  true,  may  be  accom- 
panied by  eccentric  hypertrophy  of  the  left  ventricle  which  may  not  affect 
the  aortic  valve. 

The  fuUe  in  aortic  insufficiency  is,  in  the  first  place,  a  pulsus  celer,  that 
is,  bounding  in  character.  It  rises  rapidly  and  sinks  just  as  rapidly  again. 
["Water-hammer,"  or  "Corrigan's  pulse." — Ed.]  The  marked  filling  of 
the  aorta  which  is  produced  by  the  dilated  left  ventricle,  which  throws 
out  larger  amounts  of  blood  during  its  contraction,  produces  the  rapid 
rise.  The  ventricular  systole  also  leads  to  a  more  vigorous  and  more 
marked  dilatation  of  the  arteries,  because  their  walls  are  less  markedly 
tense  at  the  beginning  of  systole. 

At  the  moment  when  the  contraction  of  the  heart  muscle  begins  to  lag, 
and  when  the  pressure  in  the  aorta  exceeds  that  in  the  ventricle,  the  blood 
regurgitates  into  the  ventricle,  the  tension  of  the  arterial  wall  is  relaxed 
and  returns  to  the  position  of  equilibrium  it  had  before  the  systole. 
When  the  insufficiency  of  the  valve  is  great,  this  happens  within  a  short 
time,  and  the  pulse  sinks  quickly  to  a  corresponding  degree. 

A  further  peculiarity  of  the  pulse  is  that  the  slight  renewed  rise  (recoil- 
wave)  which  occurs  during  the  relaxation  of  the  artery  is  very  weak. 
This  may  be  explained  in  the  following  way:  The  recoil-elevation  is 
caused  by  a  wave  thrown  back  from  the  periphery  after  being  stopped  by 
the  closed  valves  of  the  aorta.  Another  explanation  is  as  follows:  "The 
blood  which  flows  backward  in  the  first  portion  of  the  aorta  (at  the  end 
of  the  ventricular  systole)  unfolds  the  semilunar  valves,  and  thus  closes 
them.  The  closure  of  these  valves  impedes  the  return  flow  of  the  blood, 
and  produces  a  partial  rehabilitation  of  the  suddenly  diminished  positive 
pressure  in  the  first  portion  of  the  aorta.  This  new  increased  pressure  is 
then  propagated  as  a  positive  wave  through  the  arterial  system." 

Both  of  these  explanations  concern  intact  aortic  valves.  If  these  do 
not  close,  then  the  recoil-elevation  must  be  less,  in  proportion  to  the  degree 
of  insufficiency.* 

[As  Janowskit  has  shown,  a  dicrotic  wave  can  occur  in  aortic  insuffi- 
ciency from  diminished  tension  of  the  arterial  walls.  This  may  be  due  to 
weakening  from  infectious  diseases,  loss  of  compensation,  vasomotor 
disturbance  as  in  exophthalmic  goiter,  and  some  intoxications,  as  amylene 
nitrite. — ^Ed.] 

A  rare  occurrence  which  deserves  mention  is  that  the  liver,  the  enlarged 
spleen,  and  the  kidneys  (Gerhardt)  may  pulsate.  Pulsating  movements 
of  the  palate,  which  Fr.  Miiller  first  described,  have  also  come  under  my 
observation  in  one  case. 

The  movement  of  the  blood  may  be  visible  in  the  capillaries,  and  is 
then  parallel  to  that  in  the  arteries.  During  the  systole  of  the  ventricle 
the  surface  becomes  red  and  it  grows  pale  again  during  diastole  (Quincke). 
This  may  be  observed  without  any  trouble  in  the  retina  during  an  ophthal- 
moscopic examination.    The  best  way  of  demonstrating  the  capillary 

♦Tigeratedt,  "Physiologic  des  Kreislaufs"  (p.  394),  in  these  words  summarizes 
Grashey  s  explanation  of  the  normal  dicrotism  of  the  pulse.  In  the  same  place  he 
also  gives  a  review  of  the  present  state  of  the  doctrine  of  the  pulse,  from  which  it 
appears  that,  for  the  present,  there  is  small  prospect  of  its  proving  of  any  practical 
value.  For  a  more  detailed  discussion  of  these  questions  the  reader  is  referred  to 
M.  v.  Frey's  monograph,  "Die  Untersuchung  des  Pulses,  etc.,"  Berlin,  Springer, 
1802 

t  "Zeitschrift  flir  klin.  Med.,"  Bd.  Ixi. 
25 
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pulsation  in  the  skin  is  to  render  a  small  area  of  skin  on  the  forehead 
hyperemic  by  rubbing,  and  then  to  observe  the  behavior  of  this  area  in 
contrast  to  the  less  congested  surrounding  skin.  Formerly,  it  was  the 
custom  to  employ  the  finger-nails  for  this  purpose  by  pressing  upon  their 
upper  (anterior)  surface,  thus  allowing  the  nail-bed  to  show  through  the 
nail,  and  observing  the  pulsation  in  this  temporarily  anemic  area. 

Diagnosis. — When  endocarditis  has  preceded  the  valvular  -lesion, 
and  when  the  cardinal  signs  are  present,  the  diagnosis  may  be  made  with 
considerable  certainty  in  young  people.  These  cardinal  signs  are: 
hypertrophy  and  dilatation  of  the  left  ventricle;  a  bounding  pulse,  and  a 
diastolic  murmur  over  the  aorta. 

On  the  other  hand,  when  marked  arteriosclerosis  exists,  the  diagnosis 
becomes  more  difficult,  and  this  in  proportion  to  the  degree  of  the  arterio- 
sclerosis. In  such  cases  it  is  by  no  means  easy  to  decide  with  certainty 
whether  or  not  insufficiency  of  the  aortic  valves,  which  results  from  the 
sclerosis,  is  actually  present.  In  most  cases,  in  elderly  working  people, 
the  disease  of  the  arteries  develops  quite  insidiously,  and  the  symptoms 
which  it  produces  are  referred  to  old  age.  Thus  the  physician  often  sees 
a  fully  developed  picture  of  disease  which  may  be  interpreted  in  several 
ways. 

But  older  and  newer  authors  lay  a  decided  stress  upon  the  diastolic 
murmur.  Von  Leube*  gives  the  most  positive  expression  to  this  view: 
"The  loud  diastolic  murmur  over  the  sternum  is  the  most  important  of  the 
diagnostic  signs,  without  which  a  diagnosis  cannot  be  made,  and,  converse- 
ly, in  the  presence  of  which  the  diagnosis  must  be  made,  even  when  other 
symptoms  of  the  valvular  lesion  are  absent." 

This  may  be  admitted  without  reserve  provided  errors  of  interpreta- 
tion of  the  sensory  impression,  which  are  possible,  can  be  unquestionably 
excluded,  and  provided  we  admit  that  a  relative  insufficiency  of  the  aortic 
valves  may  occur.  The  following  case  may  serve  as  a  proof  of  the  correct- 
ness of  this  view: 

Case  III. — A  man,  aged  sixty-nine  years,  was  admitted  on  May  21,  1902. 
Since  last  summer  dyspnea,  palpitation,  and  troublesome  cough.  Since  the  end  of 
March  dropsy  of  the  legs  and  confinement  to  bed  on  this  account.  No  important 
previous  diseases.     He  nas  worked  hard  all  his  life. 

On  admission,  the  temperature  was  37®  C.  (98.6°  F.),  the  pulse  78,  rather  regular, 
bounding  and  high,  the  respiration  27.  Distinct  venous  and  arterial  pulsation  at  the 
neck  and  marked  signs  of  arteriosclerosis  in  all  peripheral  arteries.  Slight  cyanosis; 
anasarca  of  the  legs  and  of  the  abdomen  up  to  the  level  of  the  umbihcus.  Slight 
enlargement  of  both  liver  and  spleen. 

The  apex-beat  was  in  the  sixth  intercostal  space,  two  finger-breadths  outside 
the  nipple-line,  and  slightly  heaving.  The  dulness  extended  above  to  the  upper 
border  of  the  third  rib,  and  on  the  right  side  to  the  right  sternal  border.  The  first 
sound  at  the  apex  was  murmurish.  During  diastole  a  fairly  distinct  blowing  sound 
was  heard  at  tne  apex.  The  diastolic  murmur  was  loudest  at  the  place  of  election 
over  the  aorta,  ana  was  transmitted  with  approximately  the  same  intensity  to  the 
left  border  of  the  sternum  over  its  upper  naif.  The  systolic  tone  was  impure. 
Nothing  abnormal  was  heard  in  the  pulmonary  area.  The  lungs  were  distended 
and  reached  on  both  sides  down  to  the  eleventh  dorsal  vertebra^  giving  a  loud, 
box-like  tone.  There  was  a  catarrh  of  the  larger  bronchi.  Vesicular  breathing 
pure  everywhere.  The  urine  alwa^^s  showed  a  small  amount  of  albumin.  Its 
amount  and  its  specific  gravity  varied  considerably,  but  the  details,  which  were 
interesting  enough,  do  not  belong  here. 

The  signs  over  the  heart  remained  unchanged  until  the  patient's  death,  which 
occurred  on  June  28th.  The  diastolic  murmur,  especially,  was  always  distinctly 
audible  over  the  aorta.  The  cardiac  weakness  increasea,  although  with  marked 
*  ''Specielle  Diagnose  der  inneren  Krankheiten,"  i,  p.  31. 


INSUFFICIENCY  OF  THE  AORTIC  VALVES.  387 

variations.  Days  with  over  two  liters  of  urine  excreted  alternated  with  days  in 
which  less  than  one  liter  was  passed.  Similar  variations  were  noted  as  regards 
the  feeling  of  anxiety,  which  almost  su^ested  stenocardia.  The  clinical  diagnosis 
was  diffuse  arteriosclerosis  and  insufficiency  of  the  aortic  valve  due  to  the  same 
cause. 

The  autopsy  (Privatdocent  Dr.  Dietrich,  Pathologic  Institute)  showed  the 
following  findings  in  the  heart: 

**A  small  amount  of  fluid  in  the  pericardium.  Both  pericardial  layers  smooth 
and  shiny.  The  heart  was  consideraoly  enlarged  and  measured  15  cm.  in  length 
as  well  as  in  breadth.  The  left  ventricle  was  almost  exclusively  concerned  in  the 
formation  of  the  apex.  The  mitral  almost  admitted  three  fingers;  the  tricuspid 
more  than  three  fingers.  The  aortic  valves  were  competent  when  water  was  poured 
into  them,  and  were  delicate  and  thin,  like  the  other  valves.  Both  ventricles 
were  dilated.  The  aorta  was  markedly  distended,  even  directly  above  the  valve, 
so  that  the  entire  ascending  portion  of  the  arch  was  enlarged.  The  entire  inner 
surface  was  covered  by  arteriosclerotic  growths,  irregular  ulcers,  and  calcareous  plates. 
It  was  so  rigid  that  it  tore  on  the  slightest  bending.  The  wall  was  somewhat  thinner 
at  the  site  of  the  dilatation.  The  circumference  of  the  aorta  was  almost  normal 
at  the  origin  of  the  vessels  of  the  neck.  The  arteriosclerotic  changes  (ulcers,  plaques) , 
however,  extended  into  the  thoracic  aorta  as  far  as  the  beginning  of  the  renal  vessels, 
when  they  ceased  abruptly.  Most  of  the  abdominal  aorta  was  free,  but  the  iliac 
arteries  showed  a  large  number  of  arteriosclerotic  foci." 

The  dimensions  of  the  aorta  were  as  follows  (circumference):  At  the  line  of 
closure,  9  cm.;  at  the  bidb,  14  cm.;  at  the  arch,  7.4  cm.  I  append  here  a  tracing 
of  the  radial  pulse  taken  on  the  twelfth  day  of  June,  seven  days  before  death.  The 
steep  ascent  and  the  weak  recoil-wave  appear  distinctly,  as  well  as  the  anacrotic 
wave.  The  latter  is  known  to  occur  quite  frequently  under  these  conditions  (Jac- 
quet's  sphygmograph). 


Fio.  67. 

There  is  no  doubt  that  we  had  to  deal  in  this  case  with  a  relative 
insufficiency  of  the  aortic  valve.  I  believe  also  that  it  is  impossible  to 
separate  the  insufficiency  from  the  atheromatous  changes  in  the  valves 
themselves. 

Von  Leube  (cited  above)  quotes  Groedel  as  authority  for  the  state- 
ment that  relative  insufficiency,  excessive  dilatation  of  the  aortic  mouth, 
is  characterized  by  a  diastolic  murmur  of  unusual  intensity  and  of  musical 
quality.  He  himself  confirms  this  observation,  and  considers  it  of  great 
importance,  but  warns  us  against  too  sweeping  deductions,  inasmuch  as 
the  same  phenomena  may  be  observed  at  least  temporarily,  in  health. 

It  is  known  to  many  that  a  murmur  which  appears  to  be  diastoUc  may 
occur  over  the  aortic  valves  at  the  place  where  we  are  accustomed  to 
auscultate,  and  may  lead  to  mistakes.  It  is  to  the  credit  of  von  Leube  that 
he  has  explicitly  called  attention  to  this  occurrence. 

The  murmur  is  the  so-called  *'Nonnensausen"  (venous  hum  or 
bruit  de  diable).  The  veins  in  which  it  arises  are:  On  the  right  side,  the 
jugulars,  the  subclavian,  possibly  also  the  innominate  and  the  descending 
vena  cava.  These  veins  lie  so  close  to  the  point  at  which  auscultation 
is  customarily  practised  that  their  hum  may  be  heard  distinctly.  A  venous 
hum  may  also  be  heard  on  the  left  side  between  the  articulations  of  the 
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third  and  fifth  ribs  with  the  sternum.  This  hum  is  referred  to  the  ascend- 
ing vena  cava,  and  it  is  still  doubtful  whether  or  not  it  can  give  rise  to 
errors  in  diagnosis. 

The  venous  hums  heard  on  the  right  side  at  the  point  of  election  strike 
the  experienced  ear  by  their  peculiar  quality.  If  we  then  pay  close  at- 
tention, we  notice  that  the  venous  hum  does  not  exactly  correspond  in 
point  of  time  to  the  second  tone,  which  always  can  be  heard  along  with 
this  abnormal  sound,  and  that  the  venous  hum  becomes  reinforced  and 
more  distinct  when  the  second  sound  begins.  The  relation  of  the  venous 
hum  with  the  movements  of  the  lung  may  also  be  easily  recognized,  when 
we  make  the  patient  breathe  deeply  and  at  prescribed  intervals.  The 
venous  sounds  then  become  louder  during  inspiration,  for  the  latter  causes 
the  blood  to  flow  more  rapidly  toward  the  heart.  The  same  event  occurs 
during  the  diastole  of  the  heart,  so  long  as  the  ventricle  exercises  i1» 
suction-force.  For  this  reason  the  venous  hum  is  only  distinguishable  in 
connection  with  the  closure  of  the  semilunar  valves,  if  the  hum  is  not 
marked,  and  if  the  patient  breathes  faintly.  The  examiner  who  knows 
this  source  of  error  cannot  easily  mistake  the  venous  hum  for  anything 
else. 

The  hypertrophy  and  dilatation  of  the  left  ventricle  are,  of  course,  also 
of  very  great  importance  for  the  diagnosis;  yet  they  may  be  absent. 
This  may  be  understood  without  any  further  explanation  so  far  as  the 
hypertrophy  is  concerned,  in  the  cases  due  to  endocarditis  which  are 
rapidly  fatal;  for  in  such  cases  time  is  too  short  and  the  nutrition  of  the 
heart  is  too  markedly  impaired.  An.example  of  this  kind  is  furnished  by 
case  VI,  p.  211  (endocarditis).  Yet  the  same  statement  applies  even  ta 
well-developed  cases  in  which  complete  compensation  exists  for  the  time 
being. 

Krehl*  remarks  correctly:  "Another  widely  disseminated  error  must 
be  also  mentioned  here;  namely,  the  idea  that  every  aortic  insuflSciency 
must  needs  be  accompanied  by  a  marked,  or  at  least  an  easily  demonstrable, 
enlargement  of  the  left  side  of  the  heart.  The  extent  of  the  hypertrophy 
in  a  heart  with  good  power  of  contraction  is  directly  dependent  upon  the 
amount  of  work  demanded  of  the  organ,  while  the  latter  depends  upon  the 
amount  of  blood  which  passes  the  wrong  way.  If  the  insufficient  aortic 
valves,  for  example,  allow  a  third  or  a  quarter  of  the  pulsation-volume  to 
flow  back,  then  a  marked  hjrpertrophy  of  the  left  ventricle  must  take 
place.  On  the  other  hand,  the  insufficiency  of  the  valve  may  be  demon- 
strated quite  clearly  clinically,  even  when  only  a  few  cubic  centimeters  of 
blood  return  from  the  aorta.  For  the  characteristic  diastolic  murmur  is 
heard  while  dilatation  and  hjrpertrophy  of  the  ventricle  are  very  slight, 
and  cannot  be  made  out  in  any  way  by  the  ph3rsician." 

Benno  Lewyf  gives  figures  on  this  subject.  I  content  myself  with 
quoting  one  of  his  remarks:  *'The  theoretic  amount  of  work  of  the  heart  in 
a  case  with  an  opening  of  0.5  sq.  cm.  (which  no  longer  can  be  considered  a 
very  small  one)  is  1069  meter-kilograms  per  hour  when  the  contractions 
are  70  per  minute.  The  difference  between  this  figure  and  the  normsJ 
number  of  815  meter-kilograms  lies  within  the  range  of  errors  of  observa- 
tion, while  the  acoustic  phenomena  of  insufficiency  can  easily  be  developed 
under  these  conditions." 

That  hypertrophy  and  dilatation  of  the  left  ventricle  are  not  necessary 

*"Pathologische  Physiologie,"  pp.  19,  20. 

t  "Die  Arbeit  des  gesunden  und  kranken  Hersens,"  loc,  cit.,  p.  540. 
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"  Water,  poured  upon  the  aortic  orifice,  trickled  into  the  ventricle.  The  aortic 
valves  were  retracted  especially  in  their  vertical  direction,  and  especially  the  mid- 
dle flap,  while  the  others  showed  only  slight  thickenings  and  retractions  at  the  lines 
of  closure.  In  addition,  the  flaps  were  adherent  to  one  another  at  their  points  of 
contact  near  their  insertion  into  the  aortic  wall.  The  cavity  of  the  left  ventricle 
waa  considerably  dilated;  the  trabecule  were  hypertrophiea;  the  wall  measured 
1.5  cm.  in  thickness.  The  beginning  of  the  aorta  showed  only  a  very  slight  fatty 
deposit  in  the  intima,  and  was  not  dilated.  The  wall  of  the  aorta  was  of  normal 
thickness.  The  arch  of  the  vessel  was  not  dilated,  but  showed  marked  fatty  degen- 
eration of  the  intima  and  small  spots  of  beginning  arteriosclerosis.  The  thoracic 
and  the  abdominal  aorta  were  normal." 

Here,  then,  was  the  not  unusual  occurrence  that  the  peripheral  arteries  showed 
a  markea  arteriosclerosis  which  had  not  been  transmitted  to  the  aorta.  Naturally, 
the  sclerosis  of  the  radial  may  have  had  an  influence  upon  the  appearance  of  the 
sphygmogram.    The  slight  stenosis  of  the  aortic  orifice  scarcely  had  any  importance. 

Case  V. — ^Anton  E.,  fifty-three  vears  old,  had  been  treated  in  the  roliclinic 
from  November,  1901.  until  nis  death,  which  occurred  on  November  28,  1902.  He 
had  been  used  to  hard  work  from  early  age,  and  during  his  military  service  he  had 
suffered  from  a  felon,  which  was  followed  by  the  general  signs  of  sepsis  which  con- 
fined him  to  bed  for  some  time.  In  1887  and  1888  he  had  attacks  of  pneumonia; 
in  1900  a  pleurisy  which  kept  him  in  bed  for  twelve  weeks.  Since  May  of  the  pres- 
ent year  (1901)  he  complained  of  dyspnea  which  he  attributed  to  overexertion  in 
loadmg  coal.  The  dyspnea  took  the  form  of  paroxysma  when  the  exertion  was  very 
severe,  and  a  paroxysm  often  occurred  shortly  after  he  fell  asleep  at  night. 

On  admission  (November  4th)  the  pulse  was  72,  small,  regular,  easily  compressed, 
and  not  markedly  bounding.  The  respiration  was  33;  the  temperature  36°  to  37** 
C.  (96.8°  to  98.6^  F.^  in  the  course  of  the  day.  The  radial  art^y  was  rigid.  The 
markedly  tortuous  brachial  pulsated  visibly,  and  the  carotids  showed  a  marked 
pulsus  celer.  *  A  loud  systolic  tone  was  heard,  over  the  femoral  artery,  while  on  pres- 
sure a  double  murmur  appeared  over  this  vessel  (Duroziez). 

The  area  of  heart-dulness  was  enlarged.  On  the  right  side  it  reached  to  the  right 
sternal  border;  on  the  left  side,  to  the  third  rib  at  the  sternal  line,  and  the  apex- 
beat  was  diffuse,  indistinct,  and  palpable  only  in  the  fifth  intercostal  space,  2  cm. 
externally  from  the  nipple-line.  On  auscultation  the  sounds  over  the  entire  heart 
were  very  faint,  murmurish,  but  it  was  not  possible  to  distinguish  a  murmur  that 
could  be  accurately  localized.  To  sum  up,  the  signs  over  the  heart  were  those  of 
an  organ  enlarged  m  both  directions  and  weakenedi  in  its  musculature.  The  symp- 
toms on  the  part  of  the  heart  took  the  following  course  as  the  case  progressed: 

November  7th,  rest  in  bed  and  an  ice-bag  over  the  heart  lessened  the  symptoms 
of  heart  weakness.  A  loud  blowing  murmur,  chiefly  systolic,  was  heard  over  the 
aorta.  On  November  15th  the  same  signs  were  observed:  a  systolic  murmur  over 
the  aorta,  especially  distinct  in  the  direction  of  the  blood-stream.  The  second  sound 
was  also  impure. 

The  patient  recovered  gradually,  and  no  longer  suffered  from  a  feeling  of  cardiac 
anxiety.  He  remained  under  treatment  in  the  dispensary  service,  and  only  on 
October  15,  1902,  a^in  entered  the  ward. 

On  admission,  his  pulse  was  86,  regular,  easily  compressed;  his  respiration  36; 
the  temperature  at  noon  38.2°  C.  (100.7°  F.).  The  heart  dulness  on  the  right  side 
extended  2  cm.  beyond  the  left  sternal  border;  above,  to  the  sternal  line  at  the 
third  rib.  The  apex  was  indistinct  and  was  best  felt  in  the  fifth  intercostal  space, 
about  1  cm.  beyond  the  nipple-line. 

On  auscultation  the  heart-sounds  as  a  whole  were  faint;  the  systolic  over  the 
apex,  impure.  A  distinct  systolic  murmur  was  heard  over  the  middle  of  the  sternum 
and  over  the  aorta,  and  the  same  sound  was  heard,  in  addition  to  a  faint  diastolic 
tone,  over  the  carotid.  There  was  a  faint,  not  easily  circumscribed  dulness  also 
over  the  upper  portion  of  the  sternum,  in  the  region  of  the  ascending  aorta  and  its 
arch. 

These  signs  did  not  undergo  marked  variations  up  to  the  patient's  death.  A 
distinct  diastolic  murmur  over  the  aorta  could  not  be  heard,  while  a  loud  systolic 
murmur  remained  quite  marked  over  the  middle  of  the  sternum.  Even  on  the  day 
before  death  nothing  could  be  heard  over  the  femoral  artery  when  the  stethoscope 
was  placed  lightly  over  the  vessel,  while  on  stronger  pressure  a  systolic  and  diastolic 
murmur  were  audible  at  that  point  (Duroziez). 

Ehiring  the  latter  part  of  the  disease  there  were  signs  of  cerebral  disturbances, 
such  as  occur  in  cardiac  failure:  Unconsciousness,  Cheyne-Stokes  breathing,  with 
pauses  reaching  fifty  seconds  in  length.  Then  followed  fever,  reaching  39.8°  C- 
(103.6°  F.),  for  whicn  no  satisfactory  cause  could  be  found 
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The  autopsy  (von  Baumgarten)  cleared  up  this  point  also:  A  fresh  dis- 
seminated miUary  tuberculosis  which  had  extended  from  an  old  cheesy  focus  in 
the  retroperitoneal  glands.  The  clinical  diagnosis  was:  atheroma  of  the  arteries, 
especially  of  the  beginning  of  the  aorta,  including  the  valvular  apparatus,  ana 
dilatation  of  the  aorta.  The  autopsy  showed  that  the  beginning  of  the  aorta  was 
calcified.  The  lungs  were,  therefore,  removed  first.  When  the  heart  was  removed 
later,  and  when  the  aorta  and  its  principal  branches,  which  were  removed  at  the 
same  time,  were  examined,  the  following  was  found:  The  heart  was  moderately 
enlarged,  especially  the  left  ventricle.  The  aortic  valves  showed  a  slight  thickening 
at  their  free  borders  and  a  slight  shortening  in  their  vertical  diameters.  The  sinus 
of  Valsalva  was  much  dilated.  The  ascending  aorta,  the  arch  of  the  aorta,  and  the 
thoracic  aorta  were  totally  calcified,  and  were  slightly  dilated  in  a  dififuse  cylindric 
fashion.  The  petrification  was  so  marked  that  the  artery  tube  could  only  be  opened 
with  difficulty.     The  inner  surface  of  the  calcified  aorta  showed  numerous  irregular 


Fio.  68.— IV.  Joseph  A. 

prominences,  which  also  were,  for  the  most  part,  calcified.  The  disease  of  the  ves- 
sel decreasect  gradually  in  intensity  from  above  downward,  so  that  the  abdominal 
aorta  was  more  normal  down  to  its  division  into  the  connnon  iliacs,  although  its  inner 
surface  showed  a  certain  number  of  endarteritic  prominences. 

An^ogous  changes  to  those  found  in  the  ascending  aorta  and  the  arch  of  the 
aorta  were  found  in  the  trunk  of  the  innominate,  while  the  carotid  and  the  left 
subclavian  were  soft.  The  right  carotid,  from  its  origin  to  the  base  of  the  skull, 
was  filled  with  an  adherent  thrombus. 

The  "slight  insufficiency"  of  the  aortic  valves,  so  designated  in  the 
anatomic  diagnosis,  and  which  was  demonstrable  at  the  autopsy,  had  not 
given  any  signs  durmg  life.  The  diastolic  murmur  over  the  aorta  and 
the  pulsus  cder  could  not  be  detected.     The  moderate  enlargement  and 


Fio.  69.— V.  Anton  E. 


dilatation  of  the  left  heart  were  also  sufficiently  accounted  for  by  the 
arteriosclerosis. 

The  sphygmograms  of  case  IV  and  case  V  present  marked  differences. 
Both  were  taken  at  a  low  tension  of  the  spring  with  Jacquet's  sphygmo- 
graph,  at  the  radial  artery.  They  show  the  abrupt  rise,  the  anacrotic 
wave  which  forms  part  of  the  rise,  and  the  weak  dicrotic  recoil-wave. 
If  the  tension  of  the  spring  be  altered,  the  tracing  of  the  pulse  is  changed 
considerably,  though  not  characteristically.  What  I  intended  to  show 
here,  especially,  was  that  the  sphygmogram  of  the  radial  under  certain 
conditions,  perhaps  at  all  times,  cannot  be  employed  in  a  dififerential 
diagnosis  of  aortic  insufficiency. 


392  VALVULAR  DISEASE. 

I  may  insert  here  another  report  of  a  case  of  aortic  insufficiency,  pro- 
duced by  endocarditis  in  a  young  man,  the  features  of  which  are  of  diag- 
nostic interest. 

Case  VI. — Duration  of  the  treatment  at  the  Policlinic,  fourteen  years.  Julius 
W.,  bom  1880.    History:   1881,  extensive  capillary  bronchitis;   1884,  slight  attack  of 


Fio.  70.— Julius  W..  March.  1897. 

scarlet  fever;  1886,  severe  pleurisy;  1888,  sepsis.  At  first  pains  in  the  bones  and 
muscles,  then  a  slowly  developing  endocarditis  which  did  not  produce  any  other 
eeneral  symptoms,  but  was  followed  by  a  valvular  lesion.  The  patient  felt  well, 
but  every  slight  exertion,  especially  walking  upstairs,  always  produced  dyspnea 
and  palpitation. 
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In  1890,  after  a  period  of  vague  illness,  he  complained  of  pains  in  var- 
ious parts  of  the  body.  Fever  was  present  three  days  before  admission;  the  spleen 
was  markedly  enlarged.  The  pains  varied  quickly  and  sometimes  were  very  severe. 
This  relapse  was  short  and  mild.  The  maximum  temperature  was  38.5°  C.  ( 101 .3°  F.) . 
Similar  complaints  were  noted  during  the  following  years,  together  with  signs  of 
cardiac  weakness:  palpitation  and  edema  of  the  ankles. 

In  1894  all  the  symptoms  became  more  severe,  but  only  for  a  short  time — ^a 
few  weeks.  In  1895  he  had  another  mild  relapse.  Then  he  felt  well  until  1897, 
when  he  was  treated  from  February  9th  to  March  30th.  The  symptoms  were  not 
threatening  in  any  way;  the  maximum  temperature  was  40**  C.  (104°  F.).  From 
that  time  on  until  the  end  of  1902  there  were  no  signs  of  illness.    The  man  is  now 


Fio.  71.— December.  1902. 


strong,  and,  according  to  his  own  statement,  can  pursue  his  trade  as  a  mason  with 
full  working  capacity. 

The  table  on  pp.  394  and  395  and  the  accompanying  illustrations 
(Figs.  70,  71),  as  well  as  the  diagram  (Fig.  72,  p.  396),  show  how  the 
valvular  lesion  gradually  developed  in  this  patient. 

We  find:  (1)  At  first,  disturbances  on  the  part  of  the  heart  muscle 
dominated  the  picture  quite  markedly.  The  right  heart  was  also  involved. 
The  signs  of  aortic  insufficiency  were  already  well  marked.  (2)  During 
the  following  four  years  the  heigi^  weakness  improved,  in  spite  of 
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repeated  mild  relapses;  especially  the  transverse  diameter  of  the  heart  was 
diminished.  Some  of  this  must  be  attributed  to  an  increase  in  the 
hypertrophy  of  the  left  ventricle.  (3)  With  the  onset  of  puberty  the 
transverse  diameter  of  the  heart  dulness,  which  must  be  dependent 
upon  the  dilatation  of  the  right  heart,  diminished  more  and  more.  The 
left  heart  increased  in  muscular  mass  and  its  total  volume  seems  to  have 
remained  the  same.  At  present  the  compensating  changes  of  the  heart 
have  restored  full  \Yorking  capacity  to  the  body.  (4)  A  severe  disturb- 
ance of  the  semilunar  valve  is  certainly  absent,  for  the  diastolic  tone 
always  remains  audible. 


July  15.  1890. 


-+  +  +  -!-+   June  21.  1894. 
a^mamm^mm      February  9,  1897. 
Fio.  72. 

We  can  scarcely  say  what  part  a  stenosis  of  the  orifice  took  in  the 
development  of  the  symptoms.  In  judging  this  we  must  largely  rely  on 
the  systolic  murmur  over  the  aorta,  but  there  is  a  dilatation  of  the  ascend- 
ing aorta,  and  it  is  not  clear  what  influence  it  might  have. 

A  disease  of  the  mitral  or  of  its  orifice  seems  to  be  excluded  in  this 
case.  The  shape  of  the  cardiac  dulness  as  it  is  noted  makes  this  prob- 
able. The  case  evidently  belongs  to  that  class  in  which  the  insufficiency 
of  the  valve  is  by  far  the  most  prominent  feature.    The  two  pictures,  re- 

Eroduced  from  photographs  (Figs.  70,  71),  show  the  extent  of  the  left 
eart  five  years  ago,  as  compared  to  the  present,  after  a  long  time  in  which 
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the  patient  was  free  from  relapses.  The  dilatation  of  the  ascending  aorta 
has  decreased  to  a  certain  extent.  This,  I  think,  can  be  easily  under- 
stood, as  we  are  dealing  with  a  vessel  that  is  still  quite  elastic  in  a  young 
man.  This  also  may  be  the  reason  why  a  systolic  murmur  could  not  be 
heard  either  over  the  apex  or  over  the  aorta  at  the  point  of  election 
during  the  last  examination. 

I  reproduce  two  sphygmograms  of  the  radial  (Jacquet's  sphygmo- 
graph),  taken  in  1897  and  1902  respectively  (Figs.  73  and  74). 

Of  the  other  signs  which  have  been  considered  important,  with  more 
or  less  emphasis  in  the  diagnosis  of  insufficiency  of  the  aortic  valves,  there 
is  none  which  can  be  recognized  as  pathognomonic.    The  double  murmur 


FiQ.  73.--Febni»ry  19.  1897. 

in  the  great  arterial  trunks,  especially  in  the  femoral  (Duroziez),  has 
aroused  the  greatest  amount  of  discussion. 

Friedreich*  speaks  thus  of  its  value:  "It  has  been  agreed  long  since, 
that  the  double  murmur  by  no  means  can  be  considered  as  a  pathogno- 
monic sign  of  insuflSciency  of  the  aortic  valves. 

"  And  yet  the  double  murmur  is  an  almost  constant  phenomenon 
which  occurs  sometimes  with  and  sometimes  without  similar  murmurs, 
over  the  larger  arterial  trunks,  so  that  it  may  be  considered,  at  any 
rate,  a  very  valuable  sign  in  the  diagnosis  of  the  cardiac  lesion  under 
discussion.  Matterstock  found  it  absent  only  once  in  12  cases.  Von 
Bamberger  only  4  times  in  31  cases.     I  myself  (Friedreich)  have  missed 


Fzo.  74.— December  8,  1902. 


the  double  murmur  only  twice  permanently  out  of  over  100  cases  of  aortic 
insufficiency  since  I  have  known  Duroziez's  sign  (1867),  and  since  I 
have  examined  the  behavior  of  the  femoral  arteries. 

'*At  times  the  phenomenon  disappears  temporarily  after  complete  rest 
in  bed.  It  can  be  produced  again  at  once,  however,  when  the  heart's 
action  is  accelerated,  simply  by  walking  about  the  room." 

Friedreich  enumerates  the  following  conditions  in  which  he  has  also 

found  the  double  murmur:  Atheroma  of  the  aorta  and  of  the  larger  arterial. 

trunks;   aneurysm  of  the  aortic  arch;   hypertrophy  of  the  left  ventricle 

as  the  result  of  interstitial  nephritis,  and  also  in  fevers  (typhoid,  miliary 

*  "Deut.  Archiv  f.  klin.  Med.,"  1881,  vol.  xxix,  pp.  343,  344. 
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tuberculosis),  as  well  as  in  some  eases  of  Basedow's  disease  and  of  "celiac 
neuralgia."    Matterstock  also  heard  it  in  chronic  lead-poisoning. 

The  capillary  pulse  is  an  accompaniment  of  the  pulsus  celer,  especially 
when  the  heart  works  vigorously.  It  has  nothing  to  do  with  aortic 
insufficiency  as  such. 

While  the  diagnosis  of  this  valvular  lesion  may  be  said  to  be  simpler 
than  that  of  the  other  cardiac  diseases,  yet  it  is  not  so  simple  as  has  often 
been  claimed. 

STENOSIS  OF  THE  AORTIC  ORIFICE. 

Stenosis  of  the  left  arterial  orifice  is  also  more  often  the  result  of 
arteriosclerosis  than  of  endocarditis.  It  is  not  very  often  present  alone, 
nor  is  it  often  more  marked  than  the  insufficiency  when  both  conditions 
are  present. 

The  classic  symptoms  are:  a  systolic  murmur  at  the  aorta;  a  simple 
hypertrophy  of  the  left  ventricle,  and  a  retarded  [slow — pulsus  tardus — 
Ed.]  pulse.  The  experiments  of  Moritz  upon  his  model  showed  that  the 
expulsion-volume  of  the  left  ventricle  diminishes;  that  the  pressure  in  the 
aorta  and  in  the  vense  cavse  is  thereby  lowered,  and  that  the  pressure  in  the 
pulmonary  artery  and  in  the  pulmonary  veins  rises.  The  expulsion- 
volume  of  the  right  ventricle  is  diminished  in  correspondence  with  the 
decrease  of  that  of  the  left  ventricle.  The  extrinsic  labor  of  the  left 
ventricle,  which  is  somewhat  dilated,  is  quite  markedly  diminished. 
(In  the  experiment  it  was  diminished  from  227  to  180  gram  centimeters.) 

When  the  work  of  the  left  ventricle  was  increased  in  the  experiment, 
complete  compensation  was  effected.  In  man,  hypertrophy  of  the  left 
ventricle  takes  place  for  the  reason  that  the  work  demanded  of  this  part  of 
the  heart  is  increased,  because: 

1.  The  pressure  in  the  pulmonary  veins  and  in  the  left  auricle  becomes 
greater,  and  consequently  the  tension  of  the  left  ventricular  wall  becomes 
more  marked  during  diastole.  This  occurs  the  more  readily  when,  from 
greater  resistance  at  the  narrowed  orifice,  a  portion  of  the  blood  contained 
in  the  ventricle  must  remain  in  that  cavity. 

2.  The  narrowing  of  the  outlet  directly  produces  an  increase  in  the 
labor  of  the  left  ventricle.  A  dilatation  of  the  left  ventricle  may  occur 
when  the  reserve  force  is  no  longer  able  to  furnish  the  increased  labor,  after 
the  hypertrophy  fails  to  supply  the  needed  increase  in  force.  But  this 
dilatation  is  a  passive  one,  is  secondary,  and  is  a  sign  of  weakness  on  the 
part  of  the  cardiac  muscles,  quite  the  opposite  from  the  primary  dilatation, 
which  favors  compensation  in  aortic  insufficiency. 

In  view  of  the  universally  acknowledged  comparative  rarity  of  "pure" 
aortic  stenosis  it  is  of  importance  to  consider  this  lesion  in  connection  with 
aortic  insufficiency. 

Anatomic  Conditions. — I  shall  follow  Bamberger's  description: 
"Stenoses  of  moderate  degree  are  usually  produced  as  the  result  of  the 
fact  that  the  degenerated  aortic  valves  make  the  orifice  narrower,  in 
proportion  as  the  valve  itself  becomes  thickened  and  projects  from  the 
wall.  In  stenoses  of  high  degree  the  valves,  however,  coalesce  into  a  ring- 
like irregularly  formed  and  almost  immovable  mass,  which  usually  projects 
upward  in  the  shape  of  a  dome.  Within  this  we  find  a  central  opening, 
which  is  often  scarcely  large  enough  to  admit  a  quill.  In  the  most  pro- 
nounced degrees  the  edges  of  the  degenerated  valves  are  so  closely  adher- 
ent that  they  seem  to  occlude  the  orifice  entirely. 
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''Slighter  degrees  of  stenosis  are,  as  a  rule,  combined  with  insuflSciency, 
because  the  stiff  and  thickened  and  usually  shrunken  valvular  flaps  allow 
the  regurgitation  of  blood.  Yet  there  are  not  infrequently  exceptions, 
and  it  may  happen  that  the  flaps  approximate  pretty  well  under  the  pres- 
sure of  the  colunm  of  blood  in  the  aorta;  and  so  the  regurgitation  may  be 
completely  or  almost  completely  prevented. 

''  In  marked  degrees  of  stenosis,  however,  the  rule  is  that  there  is  no 
insufficiency,  or  that  there  is  such  a  slight  degree  of  insufficiency  that  it 
may  be  neglected.  These  facts  are  of  great  importance  with  reference  to 
the  sequels  of  aortic  lesions.  If  a  large  number  of  specimens  be  examined, 
one  may  become  easily  convinced  that  the  thickness  and  volume  of  the  left 


Flo.  76. — Stenoms  of  aortio  orifice,  viewed  from  the  aorta  (from  a  preparation  in  the  Pathologio 

Institute,  Ttkbincen). 


ventricle  varies  greatly,  according  to  the  preponderance  of  insufficiency, 
on  the  one  hand,  and  of  stenosis,  on  the  other." 

Basing  his  conclusions  upon  about  fifty  specimens,  Bamberger  classifies 
the  cases  as  follows: 

*'!.  Insufficiency  of  the  aortic  valves  with  very  slight  stenosis. 
These  cases  behave  in  the  same  way  as  those  of  pure  insufficiency.  The 
left  ventricle  is  always  markedly  dilated.  (The  ventricle  measures 
from  8  to  11,  or  even  13  cm.  in  height  and  in  width,  while  the  hypertrophy 
of  its  wall  is  moderate — about  0.9  to  1.6  cm.  at  the  thickest  part.)  More 
marked  h3T3ertrophy  occurs  only  in  the  presence  of  a  complication;  such 
as,  for  example,  an  advanced  atheromatous  condition  of  the  aorta. 

*'2.  Insufficiency  of  the  aortic  valve  with  moderate  stenosis  (ad- 
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mitting  one  finger,  approximately).  Such  cases  show  the  most  marked 
enlargements  of  the  left  ventricle.  The  latter  is  not  only  dilated  in  the 
same  degree  as  in  the  preceding  case,  but  its  walls  become  very  markedly 
thickened  and  not  infrequently  measure  1.8  to  2.2  and  even  2.7  cm.  in 
diameter. 

"3.  Very  marked  stenosis  with  little  or  no  insufficiency.  In  these 
cases  the  hypertrophy  predominated,  and  the  thickness  of  the  walls  varies 
from  1.4  to  2.7  cm.,  although  it  almost  always  comes  closer  to  the  former 
figure  than  to  the  latter.  Either  no  dilatation  at  all  or  a  very  slight  degree 
is  observed  in  these  cases.  As  a  rule,  on  more  careful  examination,  we 
find  again  that  the  septum  is  pushed  with  its  convexity  toward  the  right 
ventricle,  and  thus  the  left  ventricle  gains  the  space  which  would  otherwise 
be  lost  through  the  considerable  increase  in  the  thickness  of  the  walls. 
Thus  it  is  very  rare  to  find  even  slight  degrees  of  the  condition  usually 
known  as  concentric  hypertrophy  (hypertrophy  with  narrowing  of  the 
cavity).  The  shape  of  the  left  ventricle,  and  of  the  heart  as  a  whole,  is 
almost  globular.  The  aorta  is  narrowed  in  marked  degrees  of  stenosis, 
while  in  slighter  degrees  with  preponderating  insuflSciency  it  is  very  often 
dilated." 

Physical  Examination. — According  to  Bamberger,  two  sets  of  condi- 
tions must  be  considered: 

"1.  Moderate  stenosis,  with  preponderating  insufficiency.  The 
apex-beat  is  displaced  considerably  toward  the  left,  often  even  to  the 
axillary  line,  and  is  also  displaced  downward.  The  apex-beat  is  markedly 
exaggerated  in  intensity;  is  heaving,  and  often  also  shakes  the  chest-wall. 
The  cardiac  contractions  are  often  felt  distinctly  over  several  intercostal 
spaces  above  the  apex,  and  may  be  visible.  Often  the  thorax  moves  over 
a  considerable  area,  and  there  may  be  a  concussion  of  the  entire  trunk  and 
of  the  head  during  systole.  Very  marked  increase  in  the  cardiac  dul- 
ness,  especially  in  the  vertical  direction,  is  also  noted.  A  slight  systolic 
thrill  is  felt  very  often  in  the  region  of  the  second  left  or  right  costal  carti- 
lage at  the  sternal  border.  Less  frequently  there  is  a  double  systolic  and 
diastolic  thrill  at  the  same  place. 

"On  auscultation  two  murmurs  are  heard  in  the  region  of  the  aortic 
valves,  of  which  the  systolic  is  usually  louder,  but  shorter,  and  the 
diastolic  fainter,  but  longer.  In  the  left  ventricle  (over  the  apex)  the 
same  murmurs  are  audible,  but  somewhat  fainter,  and  in  rare  cases  also 
a  rudimentary  systolic  or  diastolic  tone  is  also  audible.  The  other  soimds 
of  the  heart  are  normal,  unless  they  are  masked  by  the  transmitted 
murmurs.  The  same  phenomena  as  in  insufficiency  are  usually  found  in 
the  carotid  and  the  subclavian,  namely,  a  harsh  systolic  murmur  without 
diastolic  sound.  The  pulse  in  the  smaller  arteries  is  also  the  same  as  in 
pure  insufficiency,  but  usuidly  it  is  not  quite  so  large,  nor  so  bounding,  nor 
does  it  give  such  distinct  sounds,  and  the  arterial  tones  may  even  be 
entirely  absent. 

"2.  Stenosis  of  high  degree  with  slight  or  no  insufficiency.  The 
apex-beat  is  less  markedly  displaced  to  the  left  and  downward,  and  while 
it  is  usually  heaving  in  character,  it  is  less  vigorous  than  in  the  first  class 
of  cases.  The  heart's  action,  especially,  is  not  so  widely  diffused.  The 
cardiac  dulness  is  enlarged  only  moderately,  and  about  equally  in  the 
vertical  and  transverse  diameters.  At  times  there  is  no  increase  in  cardiac 
dulness.  A  systolic  thrill  which  is  very  distinct  and  well  marked  may  be 
26 
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felt  at  the  aortic  entrance,  over  the  entire  sternum  and  over  the  end  of  the 
upper  intercostal  spaces. 

"  On  auscultation  we  hear  at  this  point  a  very  loud  murmur,  which 
sounds  like  a  whistle  or  groan,  or  even  like  the  sound  of  a  high-pitched 
musical  instrument.  This  murmur  is  transmitted  over  a  considerable 
area  of  the  thorax  and  covers  all  the  first  sounds  in  the  cardiac  region 
completely.  In  diastole  we  hear  either  a  very  faint  murmur,  or  nothing 
definite,  the  systolic  murmur  ending  quite  abruptly,  and  beginning  again 
after  a  short  pause.    A  rudimentary  second  soimd  is  but  rarely  hesurd. 

"  In  the  carotid  a  short,  dull,  indistinct  soimd  or  a  murmur  is  heard  in 
the  first  phase  of  the  cycle,  while  in  the  second  usually  nothing  is  heard, 
or  rarely  there  may  be  a  rudimentary  second  sound.  The  arterial  pulse 
is  small  and  retarded  {tardus).  It  is  usually  of  considerable  resistance, 
not  easily  compressed,  and  never  produces  sounds.  If  the  stenosis  is 
extreme,  or  if  the  heart  is  no  longer  able  to  contract  vigorously,  as  in  the 
last  stages  of  the  disease,  the  piilse  is  small  and  easily  compressible,  but 
slightly  resistant  (soft),  and  sometimes  it  can  scarcely  be  felt.  In  some 
advanced  cases  there  is  considerable  difference  between  the  time  of  the 
apex-beat  and  of  the  radial  pulse." 

No  important  additions  have  been  made  since  this  description  was 
written.    As  an  example,  I  shall  describe  a  case  observed  in  the  Policlinic. 

Case  VII. — Abraham  K.,  born  in  1879.  The  man  states  that  he  had  influenza 
in  1892.  He  was  treated  in  the  Policlinic  at  that  time  and  was  told  that  his  heart 
was  affected.  His  mother  tells  us  she  had  noticed  that  her  son  looked  ill  for 
a  year  before  that  attack  of  influenza.  He  also  often  complained  of  a  stabbing  pain 
in  the  region  of  the  heart,  and  became  tired  very  easily.  When  he  worked  m  the 
field  he  could  not  cany  anything,  as  he  became  exhausted  immediately,  so  that  he 
was  unable  to  breathe  easily.  The  patient  remained  in  the  ward  for  four  weeks, 
on  account  of  the  influenza,  after  which  he  presented  himself,  now  and  then,  at  the 
dispensary.  After  his  recovery  he  found  that  he  became  dyspneic  and  had  pal- 
pitation of  the  heart  on  exercising.  In  spite  of  this  he  worked  hard  in  a  brick 
factory  from  his  fourteenth  to  his  nineteenth  year.  Usually  he  was  able  to  do 
his  work,  and  only  on  two  occasions  he  was  obliged  to  remain  at  home  for  a  fort- 
night at  a  time,  on  account  of  cardiac  pains  and  dyspnea. 

At  that  time  I  showed  him  repeatedly  to  my  students  in  the  clinic.  The  valvu- 
lar lesion  had  become  fully  developed  and  was,  so  far  as  I  can  remember,  in  about 
the  same  condition  as  at  present,  except  that  the  boy  looked  extremely  ill  and  cer- 
tainly did  not  seem  able  to  do  any  hara  work.  I  succeeded  then  in  persuading  the 
parents  that  their  son  must  be  allowed  to  do  easier  work,  and  he  has  now  been  em- 
ployed for  the  last  four  years  at  a  press  in  a  lar^  printing  establishment  where  he 
does  not  overexert  himself.  His  general  condition  has  now  improved,  and  I  was 
astonished  to  find  what  had  become  of  this  former  weakling. 

The  following  table  shows  the  heart  signs,  and  Fig.  77  represents  the 
outline  of  the  heart  dulness,  drawn  after  a  photograph.  Fig.  78  shows  a 
sphygmogram  of  the  radial  pulse  taken  with  Jacquet's  instrument,  and  of 
the  carotid  pulse  drawn  with  Hiirthle's  tambour,  with  a  rapid  and  then 
a  slow  movement  of  the  drum.  There  is  no  doubt  that  there  was  in  this 
case  a  well-developed  but  not  pronoimced  pure  stenosis  of  the  aortic  orifice, 
as  the  result  of  a  very  slowly  progressing  endocarditis.  There  were  no 
S3rmptoms  of  insufficiency  of  the  valves. 

Diagnosis. — ^The  physical  signs  which  belong  to  a  well-marked  pure 
stenosis  of  the  aortic  orifice  are  rather  characteristic:  A  simple  hyper- 
trophy of  the  left  ventricle,  a  loud  systolic  murmur,  loudest  over  the  aorta., 
and  a  pulsus  tardus.  But  this  simple  picture  is  rarely  seen  on  account 
of  the  great  frequency  of  a  combined  insufficiency.  In  such  cases  it 
behooves  us  to  estimate  the  significance  of  the  signs  according  to  their 
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distinctness,  for 
it  is  impossible 
to  measure  them 
directly.  At  the 
same  time  it  is 
not  always  pos- 
sible to  make  an 
absolute  diag- 
nosis; for  we 
cannot  know 
whether,  in  ad- 
dition to  the  two 
elements, — the 
changes  in  the 
valves  and  those 
in  the  orifice, — 
there  may  not  be 
also  other  fac- 
tors, such  as  a 
dilatation  of  the 
first  portion  of 
the  aorta. 

When  insuffi- 
ciency and  sten- 
osis exist  simul- 
taneously, the 
following  fea- 
tures must  be 
considered  in  de- 
tail: 

1.  Hypertro- 
phy of  Oie  Left 
Ventricle. — Does 
this  change  coin- 
cide with  a  dilata- 
tion, and  in  what 
way  does  it  be- 
come manifest? 
The  first  ques- 
tion must  be 
answered  at  once 
in  the  affirma- 
tive; for  dilata- 
tion is  a  direct 
and  necessary  re- 
sult of  insuffici- 
ency. As  regards 
the  second  part 
of  the  question, 
however,  I  do 
not  think  it  is 
probable  that 
any  one  who  has 


404 


VALVULAR  DISEASE, 


the  picture  of  this  condition  before  him  can  judge  definitely  as  to  whether 
primary  (active)  dilatation  alone  is  present.  If  this  were  possible,  then 
we  could  have  a  good  measure  for  the  degree  of  the  insufficiency.  The 
greater  the  insufficiency,  the  more  pronounced  the  dilatation  of  the  left 
ventricle.  But  how  do  we  know  whether  passive  dilatation  may  have 
occurred  during  the  development  of  the  disease,  and  could  not  thereafter 
be  completely  compensated?    He  who  observes  the  development  of  a  val- 


Flo.  77.— Abraham  K.,  age  twenty-two,  December  21.  1902. 


vular  lesion  in  the  aorta  as  it  appears  in  my  Case  VI  will  admit  that  the 
doubt  which  I  just  expressed  is  perfectly  justified.  Both  in  the  arterio- 
sclerotic and  in  the  endocarditic  form  the  musculature  of  the  heart 
may  at  any  time  be  affected.  If  one  has  followed  the  development  of  the 
lesion,  one  may  possibly  be  entitled  to  a  positive  opinion,  but  even  then 
his  opinion  will  not  be  conclusive.  This  is  all  that  it  is  necessary  to  say  on 
this  subject. 


STENOSIS  OF  THE  AORTIC  ORIFICE.  406 

2.  A  Umd  systolic  murmur  y  loudest  over  the  aorta.  We  have  already 
discussed  the  occurrence  of  a  systolic  murmur  in  the  aorta  itself,  and  in  the 
large  arterial  trunks  which  spring  from  it,  in  pure  insufficiency  of  the  aortic 
valves  (see  p.  381).  Therefore  such  a  murmur  alone  cannot  be  regarded 
as  pathognomonic,  but  it  cannot  be  denied  that  this  murmur  may  be 
regarded  as  characteristic,  when  it  is  really  very  loud  and  has  a  markedly 
peculiar  quality. 

I  am  inclined  to  place  the  marked  systolic  thrill  even  higher  in  diagnostic 
value.  This  thrill  is  felt  most  distinctly  beside  the  sternum  in  the  second 
right  intercostal  space,  but  is  usually  palpable  over  a  much  wider  area,  and 
is  transmitted  with  the  blood-stream,  so  that  it  is  quite  audible  as  a 
murmur  over  the  carotid. 

Murmurs  as  well  as  thrills  are  the  expression  of  the  eddies  which  arise 
as  the  result  of  the  passage  of  the  blood  from  the  narrower  into  the  wider 
arteries.  The  same  physical  conditions  obtain,  however,  when  the  aorta 
is  dilated  above  its  orifice,  which  has  remained  normal  in  diameter.  In 
such  a  case  the  same  results  must  follow,  for  it  makes  no  difference  whether 
there  is  a  normally  wide  aorta  above  a  narrowed  orifice,  or  a  dilated  aorta 
above  a  normally  wide  orifice.  Experience  teaches  us  that  it  is  particu- 
larly the  ascending  aorta  which  is  often  markedly  dilated,  as  the  result  of 
the  pressure  exercised  upon  it  by  the  blood  forced  into  this  vessel  by  an 
eccentrically  hjrpertrophied  left  ventricle.    A  dilated  aorta  may  cause  the 
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sounds  to  become  less  distinct,  and  its  systolic  dilatation  may  be  felt  or 
certainly  may  be  heard  on  auscultation.  At  times,  however,  its  irregular 
systolic  vibration  may  also  become  perceptible  to  the  touch.  We  must 
always  remember  the  possibility  of  this  dilatation,  and  must,  therefore, 
be  careful  as  to  what  importance  we  attribute  to  the  systolic  murmur, 
for  it  is  not  always  possible  to  determine  by  percussion  or  palpation  whether 
a  dilatation  of  the  aorta  has  taken  place.  This  may,  in  fact,  be  prevented 
by  the  overdistended  lung  between  the  aorta  and  the  thoracic  wall. 

3.  Pulsus  Tardus, — ^Theoretically,  it  seems  unreasonable  to  doubt 
whether  such  a  pulse  can  be  absent  when  the  stenosis  amounts  to  any- 
thing. For  this  lesion  offers  all  the  conditions  necessary:  the  narrow 
orifice  through  which  the  blood  can  pass  but  slowly,  and  therefore  a  gradual 
dilatation  of  the  artery — in  other  words,  a  slow  rise,  and  a  broad  apex  in 
the  curve  of  the  pulse.  It  certainly  cannot  be  denied  that  the  finger  of 
the  trained  observer  can  recognize  the  form  of  pulse  known  as  "  slow," 
but  this  alone  is  not  enough  to  make  a  definite  diagnosis  of  aortic  stenosis. 
(Compare  the  remarks  of  Krehl,  p.  474.)  In  the  pronounced  cases  the 
sphygmogram,  which  can  be  taken  with  a  convenient  sphygmograph,  be- 
comes rather  characteristic,  and  especially  do  we  note  the  contrast  be- 
tween pulsus  tardus  and  pulsus  cder  (see  Figs.  74  and  78). 

The  tracings  of  the  carotid  made  with  accurate  apparatus  (Hiirthle) 
and  shown  in  tables  I  and  II  in  his  work  show  in  the  anacrotic  portion 
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regularly  marked  waves.  Inasmuch  as  these  occur  in  insufficiency  as 
well  as  in  stenosis,  they  cannot  be  regarded  as  of  diagnostic  value  for 
the  latter  condition  any  more  than  can  the  harsh  systolic  murmur  at  this 
place  (pp.  384  and  402). 

Von  Frey,*  to  whom  we  are  indebted  for  a  thorough  treatise  upon  the 
pulse,  says  on  this  subject:  " Sphygmography  and  the  palpation  of  the 
pulse  are  not  rival  methods,  but  simply  complements  of  each  other."  .  . 
.  .  "  The  pulse-tracing  cannot  supplant  the  simple  palpation  of  the  pulse, 
because  the  latter  detects  qualities  which  remain  hidden  to  the  sphygmo- 
graph.  On  the  other  hand,  the  sphymograph  is  far  superior  to  the  &iger 
in  recognizing  the  form  of  the  pulse."  It  is  especially  advisable  to  employ 
both  methods  of  examination  in  determining  whether  a  pulse  should  be 
designated  as  "tardus."  I,  for  example,  was  not  able  to  recognize  with 
certainty  the  retarded  pulse  in  case  VII  by  palpation,  and,  conversely, 
as  Krehl,  for  example,  has  also  emphasized,  a  pulse  may  appear  to  be 
retarded  in  arteriosclerosis  although  the  sphygmogram  does  not  show 
this  quality.  Von  Leubef  says  correctly  "  that  the  characteristic  quality 
of  the  pulse  may  be  completely  absent,"  and  that  even  a  marked  pukiLs 
alius  and  cder  may  be  e^diibited  in  the  sphygmographic  tracing  when  the 
insufficiency  markedly  predominates  over  the  stenosis.  How  could  this 
be  otherwise,  so  long  as  the  heart  works  vigorously? 

The  conclusion,  therefore,  must  be  that  we  have  no  absolutely  charac- 
teristic signs  as  to  whether  an  insufficiency  of  the  valves  and  a  stenosis  of 
the  aorta  are  simultaneously  present,  and  in  what  degree  each  of  these 
elements  exists  in  the  same  case.  We  are,  therefore,  obliged  to  content 
ourselves  with  an  estimate  which  may  be  apprpximately  right,  but  which 
may  also  be  quite  incorrect.  It  is  especially  advisable  to  employ  caution 
when  a  distinct  arteriosclerosis  can  be  demonstrated. 

Course  and  Prognosis  of  Aortic  Lesions. — So  long  as  compensation 
continues,  aortic  lesions  produce  but  few  symptoms.  iSf  the  patient  who 
has  such  a  lesion  lives  a  sensible  life,  his  condition  is  not  really  disturbed. 
Some  complain  of  headache,  of  bleeding  of  the  nose,  of  palpitation  of  the 
heart,  especially  after  physical  exertion,  sometimes  accompanied  by  annoy- 
ing pulsation  of  the  carotid.  If ,  as  is  usually  the  case,  the  insufficiency 
is  the  dominant  factor,  then  the  capacity  of  the  heart  for  muscular  work 
is  conserved  in  a  great  degree.  This  fact  is  demonstrated  in  the  following 
table,  according  to  the  experiments  of  Benno  Lewy.J 


^-Dbobee  of  Inbufficienct  in  Fractions 
or  A  Unit. 

Daily  Working  Capacity  in  Hourb. 

0.01 

9.96 

0.05 

9.86 

0.1 

9.74 

0.2 

9.47 

0.3 

9.14 

0.4 

8.77 

0.5 

8.39 

0.6 

7.87 

0.7 

7.31 

0.8 

6.57 

0.9 

5.59 

1.0 

3.81 

*  "Die  Untersuchung  des  Pulses  und  ihre  Ergebnisse  in  gesundenund  kranken 
Zustanderi/'  Berlin,  1892,  Jul.  Springer,  p.  41. 

t  "Specielle  Diagnose,"  etc.,  p.  34.  J  Loc,  cU.,  p.  650. 
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The  calculation  here  was  made  for  120  pulsations,  both  at  rest  and 
during  muscular  work.  For  every  hour  of  work  the  labor  developed  is 
assumed  to  be  30,000  meter-kilograms.  All  this  is  dependent  upon  the 
great  working  capacity  of  the  left  ventricle,  the  muscular  mass  of  which  is 
so  well  able  to  become  hypertrophied.  But  this  is  only  possible  when  there 
is  suflScient  nutrition,  that  is,  a  sufficient  blood-supply,  and  for  this  the  con- 
dition of  the  coronary  arteries  is  of  cardinal  importance.  Now,  it  is  certain 
that  the  alternating  tension  and  relaxation  of  the  entire  aortic  region 
which  takes  place  when  the  valves  are  insufficient  favor  the  development 
of  arteriosclerosis  in  a  high  degree.  If  these  variations  become  less 
marked,  then  the  danger  of  arteriosclerosis  diminishes.  It  is  for  this 
reason  that  a  stenosis  which  exists  simultaneously  with  an  insufficiency 
has,  in  general,  a  favorable  effect  upon  the  course  of  the  disease. 

Many  authors  agree  with  Bamberger*  when  he  says:  "Of  all  possible 
diseases  of  the  valves,  the  one  that  is  most  favorable  from  the  viewpoint 
of  prognosis  and  which  promises  the  longest  duration  of  life,  is  insufficiency 
of  the  aortic  valves,  accompanied  with  a  moderate  stenosis.''  Yet  at 
first  glance  the  opposite  should  be  expected — an  earlier  breakdown  of  the 
left  ventricle,  because  the  stenosis  of  the  aorta  causes  an  increase  in  its 
burden.  The  theoretic  conclusions  of  Benno  Lewy  also  support  this  view. 
The  complete  destruction  of  the  aortic  valves  (see  table,  /?  =  1.0)  still 
allows  of  a  working  capacity  of  3.81  hours  daily,  but  when  stenosis  also 
develops,  this  working  capacity  diminishes,  so  that  when  the  stenosis 
becomes  greater  than  0.75  of  the  diameter,  all  possibility  of  muscular  work 
is  excluded.  Only  14,375  meter-kilograms  per  hour  are  available  as  a 
maximum  for  the  work  of  the  heart.  This  maximal  value  can  only  be 
reached  wheA  the  entire  reserve  force  over  which  the  human  body  has 
command  could  be  expended  upon  the  heart.f  According  to  the  calcu- 
lations, when  0.01  represents  the  insufficiency  and  0.7  the  stenosis,  12,174 
meter-kilograms  are  required,  while  with  a  stenosis  of  0.8  the  heart  needs 
16,963  meter-kilograms. 

With  the  increase  of  arteriosclerosis  the  patient  is  exposed  to  the 
development  of  heart  weakness,  with  all  its  concomitants.  Heart  weak- 
ness is  also  far  more  frequently  the  cause  of  death  in  aortic  lesions  than 
any  other  factor.  That  cerebral  hemorrhages  are  especially  to  be  feared 
appears  rather  from  the  prominent  elements  of  these  cases — hypertrophy 
of  the  left  ventricle  and  arteriosclerosis — ^than  from  actual  clinical  experi- 
ence. 

Bamberger^  says  on  this  subject:  "The  frequency  of  cerebral  hemorrhages, 
on  the  whole,  is  much  less  than  would  appear  a  priori.  Among  fifty  cases  of  this 
affection  which  I  treated  Tchiefly  insufficiency),  which  were  not  complicated  with 
other  valvular  lesions,  and  of  which  twenty  came  to  autopsy,  only  one  cerebral 
hemorrhage  was  noted,  and  one  small  apoplectic  cyst,  the  latter  not  having  given 
any  symptoms  during  life. 

In  a  third  case  the  patient  stated  that  he  had  had  an  apoplectic  attack  some 
time  before,  but  no  evidences  of  this  could  be  discovered.  I  do  not  know  whether 
more  extensive  statistics  exist  on  this  subject.  I  have  not  found  any,  and  I  have 
not  thought  it  necessary  to  search  further  mto  the  subject. 

The  heart  weakness  is  very  often  accompanied  by  the  signs  of  cardiac 
neuroses.  The  arteriosclerosis  then  comes  into  play  (see  p.  674).  The 
fact  that  Bright's  disease  frequently  accompanies  these  lesions  results  in 

*  "Lehrbuch,"  p.  284.  t  B.  Lewy,  loc.  cU.,  p.  358. 

t"Lehrbuch,"  p.  274. 
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an  important  tendency  to  dropsy  which  may  reach  a  marked  degree  even 
when  the  kidneys  show  predominatingly  interstitial  lesions.  Bamberger, 
in  his  text-book,  speaks  of  the  slowly  developing  renal  degeneration,  and 
the  altered  blood  state  resulting  therefrom,  as  "  the  causes  of  the  dangerous 
s3miptoms."  But  it  is  not  clear  whether  he  is  speaking  of  anything  else 
besides  the  dropsical  symptoms. 

When  cardiac  weakness  has  once  attained  a  considerable  degree, 
the  patient  dies  in  a  comparatively  short  time,  for  on  one  point  all 
observers  agree;  namely,  that  the  condition  may  become  stationary,  but 
it  can  never  really  improve.  The  permanent  changes  which  occur  in 
the  sclerotic  coronary  arteries  account  for  this. 

Does  a  marked  narrowing  of  the  aortic  orifice  produce  phenomena 
which  change  the  clinical  picture  in  a  characteristic  way?  I  shall  again 
quote  from  Bamberger  ("Lehrbuch,"  pp.  284,  285):  "Stenoses  of 
marked  degree  present  less  favorable  conditions;  yet  even  these,  as  I  have 
often  observed,  may  be  very  well  borne  for  a  long  time,  and,  in  general, 
the  lesions  are  somewhat  more  favorable  than  stenosis  of  the  mitral  of 
equal  extent.  Compensation  is  comparatively  easily  obtained  by  the 
increased  pressure  of  the  left  ventricle,  and  even  the  normal  filling  of 
the  arteries  requires  no  other  aid  than  a  little  longer  duration  of  the 
systole.  Naturally,  under  all  conditions,  the  velocity  of  the  blood-stream 
suffers  most  of  all. 

"On  the  other  hand,  stenoses  of  high  degree  become  dangerous  and 
fatal  after  a  shorter  or  longer  period,  either  as  the  result  of  a  considerable 
impairment  of  nutrition  and  dropsy,  or  through  venous  stasis  and  second- 
ary pulmonary  affections.  A  marked  anemia  of  the  important  organs 
may  also  become  dangerous.  I  have  seen  sudden  death  in  one  case  fol- 
lowing epileptic  convulsion,  in  which  the  autopsy  showed  no  other  cause 
than  extreme  anemia  of  the  brain. 

"In  general,  stenoses  of  the  aortic  orifice  show  a  rather  long  stage  of 
latency,  during  which  the  patients  complain  only  of  attacks  of  palpitation 
of  the  heart,  of  a  moderate  sense  of  oppression,  with  a  rather  dull  pain  over 
the  chest;  of  slight  interference  with  respiration,  headache,  dizziness, 
nose-bleed;  at  times,  attacks  of  pulmonary  hemorrhage — all  of  which 
s3rmptoms  may  appear  for  a  time  or  may  be  entirely  absent.  In  some 
patients  we  find  exquisite  attacks  of  stenocardia,  at  first  rarely,  but  later 
recurring  with  increased  frequency. 

"The  more  severe  symptoms  of  the  second  stage  almost  always  begin 
with  respiratory  difficulty,  and  this  continues  to  play  a  prominent  r6le 
during  the  entire  further  coursQ  of  the  disease.  The  patients  are  particu- 
larly tortured  by  severe  attacks  of  dyspnea  and  orthopnea;  a  severe 
cough  develops,  and  attacks  of  pulmonary  hemorrhage  occur  from  time 
to  time.  In  addition,  pneumonias  and  symptoms  of  pulmonary  edema 
may  occur. 

"  Bright 's  disease  occurs  rather  less  frequently  in  these  cases  than  in 
the  purer  forms  of  insufficiency.  The  frequency  of  pulmonary  hemor- 
rhages is  also  very  striking  here.  In  fifteen  cases  of  marked  stenosis 
(usually  most  of  them  with  insufficiency),  seven  showed  either  attacks  of 
pulmonary  hemorrhage  during  life  or  hemorrhagic  infarcts  in  the  lung 
at  autopsy." 

According  to  this  description,  the  greater  involvement  of  the  right 
side  of  the  heart  is  a  very  important  feature  of  these  cases,  for  it  produces 
the  respiratory  symptoms  which  are  so  strongly  emphasized  here.    No 
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reason  for  this  can  be  found,  so  far  as  I  know,  unless  we  fall  back  upon  the 
limited  possibility  of  a  perfect  compensation  in  cases  of  marked  stenosis 
and  the  consequent  early  occurrence  of  insufficiency  of  the  cardiac  muscle. 
This  may  be  the  case  in  some  individuals,  but  a  general  deduction  cannot 
be  made  concemins  the  majority  of  the  patients. 

Treatment. — No  amendments  or  additions  need  be  made  to  the 
principles  which  have  already  been  discussed  in  the  section  on  the  Treat- 
ment of  Cardiac  Insufficiency  (see  p.  145).  Yet  we  must  emphasize  the 
fact  that  the  chief  danger  for  the  patient  with  aortic  lesions  lies  in  the 
extension  of  arteriosclerosis.  Anything  that  may  favor  this  must  be 
avoided,  so  far  as  possible.  In  the  first  place,  therefore,  the  patient  should 
avoid  every  marked  exertion  of  the  heart  by  an  excess  of  physical  labor  or 
mental  excitement.  In  this,  each  individual  must  have  tus  own  limits, 
according  to  his  position  in  life;  but  the  patient  can  keep  within  these 
boundaries  by  adhering  to  a  definite  order  of  his  daily  work,  avoiding 
every  excess  in  eating  and  drinking.  Aside  from  abstaining  from  the  use 
of  stimulants, — alcohol,  coffee,  tea,  tobacco, — ^the  work  of  the  heart  can  be 
lessened  essentially  by  a  proper  distribution.  The  patient  should  not  take 
one  principal  meal,  but  preferably  three  or  four  meals,  each  about  the 
same  size,  during  the  day.  Nor  should  he  flood  his  arteries  with  fluid. 
This  would,  indeed,  be  a  deluge  for  these  patients. 

The  use  of  digitalis  requires  special  consideration.  The  frequency 
of  the  contractions  of  the  heart  have  quite  a  different  significance  in 
insufficiency  of  the  aortic  valves  than  in  stenosis  of  these  structures. 
The  conclusions  of  Benno  Lewy,  based  upon  the  results  of  the  mechanic 
features  susceptible  of  measurement,  have  a  bearing  only  upon  the  prop- 
erty of  digitalis  to  diminish  the  frequency  of  the  heart-beats.  He  found 
in  insufficiency*  that  the  value  of  the  amount  of  work  to  be  furnished  by 
the  heart  for  the  propulsion  of  the  blood  depends  upon  the  diu-ation  of 
the  diastole.    The  latter  again  depends  upon  the  frequency  of  the  beats. 

Muscular  activity  corresponds  to  increased  pulse-frequency.  Its  in- 
fluence is  so  great  that  in  high  degrees  of  insufficiency,  that  is,  about 
two-thirds  and  more,  we  have  the  apparent  paradox  that  the  force  neces- 
sary during  muscular  work  is  less  than  that  needed  in  muscular  rest — in 
other  words,  that  the  heart  must  do  less  work  to  make  120  contractions 
per  minute  and  to  propel  16.8  liters  of  blood  through  the  capillaries  than 
when  it  has  to  make  seventy  contractions  to  propel  4.2  liters  of  blood. 
Of  course,  the  carditu;  labor  may  also  be  lightened  through  increased 
frequency  of  contraction  during  muscular  rest.  The  increase  in  the  pulse- 
frequency  is,  therefore,  a  means  of  saving  the  heart  muscle,  which,  then, 
proves  very  effective  when  the  insufficiency  grows  more  marked. 


WORK  OF  THE  HEART  PER  HOUR  IN  METER-KILOGRAHS  IN  CASES 
OF  AORTIC  INSUFFICIENCY. 

The  following  table  shows  the  figures  obtained  by  experiments  as  to 
the  work  of  the  heart  in  aortic  insufficiency.  The  sign  ^  indicates  the 
permanent  aperture  of  the  valves.  The  duration  of  the  diastole  for  70 
pulsations  per  minute  is  0.5  second;  that  of  the  systole  is  0.3  second. 
The  duration  of  the  diastole  for  120  pulsations  is  assumed  to  be  0.2  second, 
while  that  of  the  systole  remains  the  same,  0.3  second. 

*  Loc.  cU.,  p.  538. 
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Sbtentt  Pulsations  per 

One  Hundred  and  Twenty 

^. 

Minute. 

Pulsations  per  Minute. 

Fewer 

0.01 

864 

847 

17 

0.05 

1,069 

983 

86 

0.1 

1,342 

1160 

182 

0.2 

1,952 

1532 

420 

0.3 

2,607 

1924 

683 

0.4 

3,334 

2404 

930 

0.5 

4,420 

2877 

1543 

0.6 

5,868 

3501 

2367 

0.7 

8,072 

4285 

3787 

0.8 

12,134 

5259 

6875 

0.9 

>15,000 

6530 

1.0 

>15,000 

8563 

The  body  itself  employs  the  mcrease  of  pulse-frequency  for  sparing  the 
heart  muscle,  and,  therefore,  according  to  most  authors,  the  pulse  is 
usually  more  frequent  than  normal  in  aortic  insuflSciency.  Among  the 
writers  who  speak  of  this,  Corrigan*  deserves  prominent  mention.  He 
stated  that  the  pulse-rate  is  usually  between  90  and  110  beats  per  minute. 
He  added  some  remarks  which,  according  to  Benno  Lewy,  quite  closely 
coincide  with  the  latter's  own  view.  Basing  his  opinion  not  only  upon 
this,  but  also  upon  his  experience  at  the  bedside,  Corrigan  warned,  in 
general,  against  the  use  of  digitalis  in  this  valvular  affection. 

So  far  as  can  be  judged  from  his  writings,  he  opposed  the  use  of  digitalis 
only  when  it  is  given  solely  for  the  purpose  of  reducing  the  increased 
frequency  of  the  pulse,  in  a  patient  who  otherwise  does  not  show  any 
S3rmptoms  on  the  part  of  his  diseased  heart.  "The  pulse  which  varies 
from  90  to  100  in  this  disease,  or  even  higher,  should  not  be  interfered 
with  for  the  sole  reason  that  it  is  more  frequent  than  in  health." 

This  is  exactly  the  view  taken  by  Traube,  whom  B.  Lewy  criticizes, 
and  also  by  every  other  scientific  physician.  Traube  sajrsjf  in  a  general 
way: 

*'It  seems  wrong  to  give  digitalis  in  cases  in  which  valvular  disease  is 
detected  in  an  apparently  healthy  man.  To  order  digitalis  in  such  a  case 
means  to  lead  the  patient  toward  a  disturbance  of  compensation;  for  in 
such  cases  the  slowing  of  the  pulse  produced  by  digitalis  easily  causes  a  loss 
of  compensation." 

It  is  also  true  that  when  once  cardiac  weakness  has  developed  in  con- 
sequence of  aortic  insufficiency,  it  will  not  always  be  favorably  influenced 
by  digitalis.}  But  this  is  due  to  the  fact  that  in  this  lesion  the  strong 
hypertrophic  left  ventricle  must  be  extensively  involved  to  become  so 
damaged  in  its  working  capacity.  On  the  other  hand,  if  the  irregularity 
of  the  heart's  action  is  present,  which  I  classify  as  a  separate  iyp^  (see 
Cardiac  Weakness,  p.  68,  etc.),  then  I  have  not  seen  any  more  or  any  less 
success  with  the  use  of  digitalis  than  can  be  got  with  this  drug  in  these 
conditions  under  any  circumstances — a  success  which,  by  the  way,  is  by 
no  means  to  be  underestimated.    In  aortic  stenosis,  quite  conversely, 

*  Cited  by  Benno  Lewy,  p.  541  et  sea.,  who  gives  a  detailed  communication. 

t  "Gesammelte  Beitrfige,    vol.  iii,  p.  74. 

t  Of  the  modems  who  approve  tne  old  methods  c/.  Carl  v.  Noorden,  "Eulen- 
burff's  Realencyklopftdie,"  Art.,  "Herzklappenfehler,"  vol.  x,  p.  440;  Romberg, 
"Ebstein's  Handbuch,"  vol.  i,  p.  870. 
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it  is  desirable  to  obtain  a  cardiac  action  which  makes  the  sequence  of  the 
individual  contraction  less  rapid,  for  thereby  we  facilitate  the  overcoming 
of  the  obstacle,  provided,  however,  that  the  duration  of  each  individual 
systole  be  also  lengthened.  The  following  table  shows  of  what  importance 
this  is: 


WORK  OF  THE  HEART  PER  HOUR  IN  METER-KILOGRAMS  IN  AORTIC 

STENOSIS. 

CoifpLKTE  Rest. 

MODBRATB 
WOBK. 

a 

Z  =  60 

Z  =  60 

Z  =  60 

Z  =  60 

Z  =  70 

Z  =  100 

Z»  120 

Z=  120 

T  =  0.6 

T  =  0.6 

T  =  0.4 

T  =  0.3 

T  =  0.3 

T  =  0.3 

T=-0.3 

T  =  0.3 

0.00 

813 

813 

813 

815 

814 

813 

813 

3,401 

0.01 

813 

813 

813 

815 

814 

813 

813 

3,402 

0.05 

813 

813 

813 

815 

814 

813 

813 

3,406 

0.1 

813 

813 

814 

816 

814 

813 

813 

3,411 

0.2 

815 

814 

815 

818 

817 

814 

813 

3,452 

0.3 

817 

816 

818 

824 

820 

816 

815 

3,539 

0.4 

823 

820 

824 

835 

828 

820 

818 

3,720 

0.5 

835 

827 

837 

857 

845 

827 

823 

4,068 

0.6 

858 

844 

862 

902 

878 

844 

834 

4,788 

0.7 

991 

936 

1,006 

1,158 

1,066 

936 

898 

8,884 

0.8 

1,088 

1,003 

1,112 

1,346 

1,204 

1,003 

945 

11,897 

0.9 

2,115 

1,716 

2,226 

3,526 

2,659 

1,716 

1,440 

43,578 

0.95 

6,836 

4,681 

6,861 

11,566 

8,713 

4,681 

3,500 

175,426 

0.96 

9,612 

6,920 

10,361 

17,788 

13,248 

6,920 

5,056 

274,986 

0.97 

16,806 

11,912 

18,164 

>20,000 

>20,000 

11,912 

8,524 
17,558 

0.98 

Always  o 

ver  20,00( 

)  Meter-Kilograms. 

It  will  be  seen  from  this  table  that  the  stenosis  is  markedly  influenced 
by  the  lengthening  of  the  systole  only  after  the  narrowing  has  become 
rather  marked.  The  symbol  a  indicates  the  degree  of  stenosis,  Z  the  num- 
ber of  pulsations  per  minute,  and  T  the  duration  of  the  single  systoles  in 
seconds.  It  appears  from  these  figures  how  little  the  increase  of  the 
labor  of  the  heart  is  due  to  the  degrees  of  stenosis  and  how  little  influence 
the  frequency  of  the  pulse  has  in  such  cases.  Even  on  the  duration  of  the 
systole  it  has  scarcely  any  effect  before  we  reach  a  stenosis  of  0.5.  After 
that,  however,  these  factors  assume  an  increasingly  important  character, 
and  the  increased  pulse  frequency  makes  it  possible  that  even  in  high 
degrees  of  stenosis  the  cardiac  labor  can  be  furnished,  at  least  theoretically. 

All  this,  however,  applies  only  when  the  body  is  at  perfect  rest.  The 
moment  muscular  activity  is  demanded,  the  task  of  the  heart  increases  to 
such  an  extent  that  the  Umit  of  capacity  is  reached  early.  Even  then  a 
change  in  the  pulse-rate  and  a  lengthening  of  the  systole  may  be  useful 
under  certain  conditions,  but  this  is  possible  only  to  a  very  limited  extent. 

In  well-compensated  stenoses  we  usually  find  a  low  pulse  frequency. 
C.  von  Noorden*  even  states  that  the  frequency  varies  from  60  down  to 
40  beats  per  minute. 

In  any  event,  there  may  be  circumstances  in  which  the  use  of  digitalis 
may  seem  contraindicated;  at  least,  if  we  should  be  tempted  to  deal  with 
the  purely  mechanic  conditions.  Personally,  I  think  it  is  not  necessary 
to  deviate  from  the  general  rules  in  the  use  of  digitalis  in  aortic  stenosis, 

*  Loc.  cU.,  p.  421. 
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if  for  no  other  reason  than  that  the  pure  cases  are  so  rare  that  few  physi- 
cians have  the  opportunity  to  test  at  the  bedside  any  conclusions  drawn 
from  theoretic  considerations. 

We  are  still  but  too  imperfectly  acquainted  with  the  mode  of  action 
of  digitalis  to  be  able  always  to  make  accurate  therapeutic  calculations 
based  upon  the  changes  in  the  cardiac  activity — that  is,  the  slowing  of  the 
pulse  and  the  lengthening  of  the  diastole — ^which  it  produces.  For  the 
present,  we  must  adhere  to  the  rules  obtained  from  the  experience  of  our 
trustworthy  observers,  and  these  may  be  summed  up  as  follows:  In 
lesions  of  the  aorta  we  should  use  digitalis  with  more  caution  than  in  any 
other  forms  of  heart  disease. 

INSUFFICIENCY  OF  THE  TRICUSPID  VALVE* 

With  very  few  exceptions  insufficiency  of  the  tricuspid  valve  exists 
in  combination  with  general  cardiac  insufficiency.  Endocarditis  may  be 
the  cause  of  this  lesion,  but  in  extra-uterine  life  such  is  the  case  only  when 
endocarditis  had  previously  existed  and  had  involved  other  valves  of  the 
heart.  In  either  case  this  "valvular"  lesion  scarcely  ever  is  seen  "  pure." 
It  is  better  to  speak  of  it  as  a  disturbance  in  the  closure  of  the  valve 
which  appears  as  a  part  of  the  results  of  the  insufficient  labor  of  an  in- 
capacitated heart.     (Compare  pp.  323  and  324.) 

The  general  symptoms  are  those  of  a  marked  insufficiency  of  the  heart. 
In  cases  in  which  an  insufficiency  of  the  heart  is  not  already  present  before 
the  tricuspid  lesion  develops,  the  signs  of  such  an  insufficiency  will 
probably  soon  develop.  The  mechanic  effects  of  tricuspid  insufficiency 
have  been  constructed  upon  theoretic  considerations.  It  is  said  that  in 
insufficiency  of  the  tricuspid  the  systole  throws  back  a  part  of  the  blood 
contained  in  the  right  ventricle  into  the  right  auricle.  Therefore,  so  much 
less  blood  enters  into  the  pulmonary  artery,  in  which  the  pressiire  and  the 
velocity  of  the  stream  correspondingly  diminish. 

Inasmuch  as  the  left  heart  also  receives  a  smaller  amount  of  blood, 
the  pressure,  and  the  velocity  of  the  flow  in  the  aorta  also  diminish,  and 
blood  consequently  accumulates  in  the  systemic  veins;  all  the  more 
because  its  entrance  into  the  right  auricle  is  rendered  difficult  by  the  fact 
that  the  right  auricle  is  filled  by  the  right  ventricle  at  each  contraction 
of  the  latter. 

The  result  of  all  this,  therefore,  is  an  overfilling  of  the  systemic 
veins,  a  lowering  of  the  blood-pressure  in  the  pulmonary  artery,  as  well 
as  in  the  aorta,  and  a  slowing  of  the  general  circulation. 

The  effect  of  these  changes  upon  the  heart  itself  consists,  in  the  first 
place,  of  a  dilatation  of  the  right  auricle,  which  receives  blood  from  two 
different  directions,  followed  by  the  hjrpertrophy  of  this  part  of  the  heart. 
The  same  changes  follow  in  the  right  ventricle.  Compensation  must  needs 
always  be  imperfect  and  of  short  duration,  because  the  right  auricle  is  too 
weak  muscularly  to  maintain  it.  The  dilated  and  h3rpertrophic  right 
ventricle  is  able,  it  is  true,  to  throw  an  increased  amount  of  blood  at 
increased  pressure  into  the  pulmonary  artery,  but,  at  the  same  time,  the 
amoimt  and  the  velocity  of  the  blood  which  escapes  back  into  the  auricle 
increases  steadily,  thus  increasing  the  dilatation  of  the  ventricle  during  the 
following  diastole. 

It  is  evident  that  in  tricuspid  insufficiency  the  right  and  the  left 
ventricles  of  the  heart  work  in  opposition  to  each  other.  This  is  shown 
unequivocally  by  the  return  wave,  presystolic-systolic  in  character,  which 
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passes  from  the  veins  toward  the  capillaries;  in  other  words,  by  the  pres- 
ence of  a  true  pathologic  venous  pulse  (see  p.  85). 

The  signs  obtainable  on  physical  examination  are  said  to  be  as  follows: 
marked  increase  in  the  area  of  the  cardiac  dulness  toward  the  right.  A 
wide-spread  but  weak  pulsation  of  the  lower  part  of  the  sternum,  and  a 
systolic  murmur  heard  at  the  right  border  of  the  sternum  or  over  this 
bone  itself,  as  well  as  a  slight  thrill,  which  may  be  felt  over  the  site  of  the 
murmur.  The  cardiac  tones  are  everywhere  faint.  The  pulse  is  small 
and  not  well  filled. 

These  phenomena  should  be  used  with  caution  in  diagnosis.  The 
extension  of  the  cardiac  dulness  indicates  that  the  right  side  of  the  heart 
in  both  its  divisions  is  more  abundantly  filled  with  blood,  and  therefore  dis- 
tended. This  extension  of  the  cardiac  dulness  allows  us  only  to  conclude 
an  increased  massing  of  blood  in  the  veins  of  the  systemic  circulation. 
Inasmuch  as  this  may  occur  with  any  marked  cardiac  weakness,  and  inBS- 
much  as  it  may,  indeed,  lead  to  a  muscular  insufficiency  of  the  tricuspid, 
but  does  not  necessarily  do  this,  this  sign  cannot  be  given  much  promin- 
ence. We  can  only  say  that  an  insufficiency  of  the  tricuspid  cannot  exist 
without  an  extension  of  the  cardiac  dulness,  and  that,  therefore,  the  latter 
is  a  sign  which  must  always  be  present. 

The  concussion  observed  over  the  lower  right  side  of  the  thorax, 
beginning  at  the  middle  and  passing  outward,  can  only  occur  when  the 
heart  is  comparatively  vigorous  as  to  its  musculature.  This  is  naturally 
more  frequently  to  be  expected  when  a  more  slowly  developing  condition, 
either  in  the  lungs  or  in  the  heart,  gives  time  to  the  right  side  of  the  heart 
to  become  equal  to  the  tasks  set  before  it  by  a  hypertrophy  of  its  muscular 
structure.  But  in  such  cases  insufiiciency  of  the  tricuspid  naturally 
does  not  occupy  the  foreground,  and  even  would  scarcely  be  considered. 
The  sign,  therefore,  is  of  no  value  in  diagnosis. 

And  now  as  to  the  systolic  murmur.  In  order  to  make  use  of  such  a 
murmur  diagnostically,  one  would  have  to  show  with  certainty  that  it 
coincides  with  the  closure  of  the  valve.  The  rules  which  have  been  set  up 
come  to  this:  The  murmur  must  be  heard  on  the  right  side,  out  to  the 
nipple-line,  and  must  have  a  peculiar  quality.  But,  unfortunately,  such  a 
variety  of  systolic  murmurs  may  be  heard  in  so  many  places  in  the  degrees 
of  cardiac  weakness  which  are  considered  here  that  the  greatest  caution 
must  be  exercised,  even  in  the  diagnosis  of  a  mitral  insufficiency. 

Personally,  I  scarcely  trust  myself  to  determine  tricuspid  insufiiciency 
in  its  ordinary  form  by  auscultation  alone.  I  would  not  be  able  to  dis- 
tinguish an3rthing  definite  from  the  confusion  of  dull  and  obscurely  timed 
murmurs.  I  remember  one  case  in  which  I  succeeded  in  distinguishing 
the  murmur  of  tricuspid  insufficiency;  but  in  that  case  there  was  a  struc- 
tural change  in  the  vaJves,  as  the  autopsy  afterward  proved. 

It  goes  without  saying  that  we  must  be  on  the  lookout  for  a  confusion 
of  this  murmur  with  a  true  murmur  of  stenosis  or  insufficiency  developing 
in  the  left  side  of  the  heart.  This  is  a  little  less  difficult  when  the  muscular 
tones  do  not  become  too  insistently  loud. 

The  pulsations  in  the  systemic  veins,  especially  in  those  of  the  liver, 
offer  trustworthy  diagnostic  signs.  They  must  be  presystolic-systolic 
in  character.  This  subject  has  already  been  discussed  in  detail  elsewhere 
(see  p.  62). 

As  regards  the  differential  diagnosis,  the  only  condition  which  needs 
to  be  considered  is  insufficiency  of  the  aortic  valves  with  its  systolic  pulse 
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in  the  liver.    The  latter  sign  may  be  distinguished  simply  by  the  fact 
that  it  can  only  occur  with  a  very  vigorous  action  of  the  heart. 

A  sign  to  which  a  great  deal  of  weight  was  attributed  formerly  was  the  less 
vigorous  diastolic  tone  over  the  pulmonanr  arteiy.  This  is  scarcely  of  any  value 
in  diagnosis.  It  was  said  that  when  the  blood  was  free  to  pass  through  the  auricle 
into  the  veins,  then  a  smaller  amount  entered  into  the  pulmonary  arterv  and  the 
systolic  pressure  in  this  vessel  was  lowered.  Thus  a  lessened  intensity  of  the  dias- 
tolic sound  over  the  pulmonary  valve  resulted.  If  we  remember  upon  how  many 
circumstances  it  may  depend,  as  to  whether  the  right  side  of  the  heart  works  rela- 
tively more  vigorously  than  the  left,  we  will  agree  with  Bajnberger,*  who  character- 
ises this  sign  as  one  established  a  priori  and  devoid  of  any  significance. 

The  prognosis  is  decidedly  unfavorable.  In  cases  with  organic  change 
in  the  tricuspid,  we  should  always  bear  in  mind  the  great  improbability 
of  sufficient  and  permanent  compensation.  In  functional  cases  the  in- 
sufficiency of  this  valve  alone  constitutes  a  sign  of  a  high  degree  of  cardiac 
weakness.  Of  course,  this  condition  may  improve,  at  least  for  a  time, 
and  thus  its  consequences  may  disappear;  possibly  for  a  considerable 
time,  when,  for  example,  a  marked  bronchial  catarrh  or  a  curable  general 
illness  produced  the  weakness  of  the  heart. 

[TRICUSPID  STENOSIS. 

This  lesion  occurs  rarely  alone,  and  when  it  does,  can  usually  not  be 
distinguished  from  mitral  stenosis,  even  when  suspected.  When  com- 
bined with  other  lesions,  as  it  more  frequently  is,  its  detection  is  still  largely 
a  matter  of  chance.  The  signs  have  been  succinctly  described  by  Her- 
rickf  as  follows:  "Tricuspid  stenosis  can  be  suspected  when  the  patient 
is  a  female;  has  a  history  of  dyspnea,  palpitation,  edema,  often  with 
remissions  and  exacerbations;  is  cyanotic,  has  rapid,  arh3rthmic,  feeble 
pulse;  has  mitral  stenosis  with  enlarged  right  heart,  particularly  if  auric- 
ular enlargement  can  be  made  out.  Especial  value  attaches  to  persistent 
cyanosis.  If,  in  addition  to  this,  there  is  a  presystolic  or  diastolic  murmur, 
heard  best  over  the  ensiform  or  over  the  right  fifth  and  sixth  cartilages, 
and  particularly  if  this  murmur  differs  in  intensity,  quality,  or  piteh 
from  the  mitral  diastolic,  or  if  there  is  an  area  between  the  mitral  and  tri- 
cuspid areas  where  no  murmur  is  audible,  the  diagnosis  becomes  reason- 
ably certain." — Ed.] 

The  changes  in  the  valve  at  the  right  side  of  the  heart  and  the  pul- 
monary artery  are  so  very  frequently  congenital,  and  then  are  accompanied 
by  other  disturbances,  that  it  seems  more  correct  to  consider  them 
separately.  The  treatise  of  H.  Vierordt,  contained  in  Nothnagel's  "  Spe- 
cielle  Pathologie  und  Therapie,"  vol.  xv,  pt.  ii,  is  the  best  and  most  com- 
plete. 

[Attention  should  be  called  to  the  "ease  with  which  murmurs  may  be 
produced  in  the  pulmonary  artery  "  in  experiments  on  animals,  as  pointed 
out  by  Thayer  and  MacCalliun.  J  "  Very  slight  pressure  over  the  conus 
arteriosus  or  over  the  artery  results  in  the  development  of  a  systolic  thrill 
and  murmur  immediately  beyond  the  point  of  pressure.  The  ease  with 
which  these  murmurs  are  produced  by  pressure  suggests  immediately 
that  a  similar  process  may  account  for  some  of  the  frequent  basic  pul- 
monary murmurs  which  are  heard  in  man.    If  systolic  murmurs  can  be 

*  "Lehrbuch,"  p.  258. 

t  "  Boston  Medical  and  Surgical  Journal,"  March  18,  1897. 

t  ''American  Journal  of  the  Medical  Sciences,"  February,  1907. 
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produced  in  man  by  a  degree  of  pressure  over  the  conus  arteriosus  as 
slight,  relatively,  as  that  necessary  to  bring  about  the  same  phenomenon 
in  the  dog,  it  is  but  natural  to  assume  that  the  resistance  offered  by  the 
chest-wall  alone  may,  in  many  instances,  result  in  systolic  murmurs  in  the 
pulmonary  area. 

"In  two  instances  a  pulmonary  systolic  murmur  developed  after 
considerable  hemorrhage. 

"In  one  instance  with  a  low  general  pressure  following  nitroglycerin, 
a  pulmonary  systolic  murmur  developed.  The  administration  of  adrenalin 
and  nitroglycerin  had,  however,  but  little  effect  in  modifying  the  pressure 
in  the  pulmonary  artery. 

"The  administration  of  adrenalin  resulted  in  an  increase  in  systolic 
pulmonary  murmurs  when  present,  during  the  first  strong  beats  which 
followed,  but  during  the  period  of  very  high  pressure  occurring  in  the 
general  circulation  the  pulmonary  murmurs  as  well  as  murmurs  at  the 
aortic  area  tended  to  diminish,  returning,  however,  again,  if  present  before, 
with  a  fall  of  pressure  at  a  period  when  aortic  murmurs  still  remained 
absent. 

"  Infusion  of  salt  solution  resulted  commonly  in  the  development  of 
systolic  pulmonary  murmurs. 

"In  a  general  way,  conditions  which  resulted  in  especially  abrupt 
action  of  the  right  ventricle,  with  a  large  excursion  of  the  pulse-wave  in 
the  pulmonary  artery,  seemed  to  favor  the  development  of  systolic  mur- 
murs at  the  pulmonary  orifice,  especially  if  there  had  been  a  preceding  hem- 
orrhage, followed  by  infusion  of  salt  solution. 

"  Mimnurs  were  produced  more  readily  in  the  pulmonary  artery  than 
in  the  aorta,  notwithstanding  the  very  slight  variations  in  pressure  which 
occur  in  the  lesser  circulation.  This  was  probably  due,  at  least  in  part, 
to  the  fact  that  with  a  more  or  less  indistensible  ring,  the  pulmonary 
artery  beyond  is  much  less  resistant  than  the  aorta,  and  capable  of  greater 
dilatation  with  ventricular  contractions  of  moderate  force,  thus  producing, 
just  beyond  the  pulmonary  ring,  those  conditions  favorable  to  the  develop- 
ment of  fluid  whirls,  and  consequently  a  thrill  and  murmur. 

"In  general,  our  observations  seem  to  show  that  a  change  in  the 
character  of  the  circulating  blood,  such  as  that  which  results  in  the  re- 
placing of  a  considerable  quantity  of  blood  by  salt  solution  (diminished 
viscosity?),  is  extremely  favorable  to  the  development  of  systolic  mur- 
murs at  the  base." — ^Ed.] 

COMBINED  VALVULAR  LESIONS. 

The  frequent  coexistence  of  insufficiency  of  the  valves  and  stenosis 
of  their  orifices  on  the  left  side  of  the  heart  has  already  been  considered 
in  detail  in  connection  with  the  description  of  these  conditions.  The 
same  is  true  of  insufficiency  of  the  tricuspid  as  the  result  of  a  marked  degree 
of  cardiac  weakness. 

But  cases  occur  also  in  which  the  venous  valve,  as  well  as  the  arterial 
valve,  become  diseased  at  the  same  time.  The  proper  field  of  the  com- 
pound (combined  or  complicated)  valvular  lesions  is  thus  more  accurately 
circumscribed.  Those  who  wish  may  also  include  here  the  valvular 
lesions  occurring  on  the  right  side  of  the  heart,  together  with  those  on  the 
left  side, but  in  such  cases  the  lion's  share  will  be  taken  by  the  "muscular" 
insufficiency  of  the  tricuspid. 

The  frequency  with  which  the  different  valvular  lesions  are  complicated 
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is  shown  in  the  table  on  p.  311.  Yet  I  cannot  refrain  from  expressing 
some  doubts  as  to  the  accuracy  of  the  various  data  given  there.  The 
diagnosis  of  combined  valvular  diseases  in  the  living  is  so  difficult  that 
only  statistics  based  upon  the  results  of  autopsies  can  be  recognized  as  of 
positive  value.  Do  such  statistics  exist?  This  must  be  answered  in  the 
negative,  so  far  as  some  of  the  selections  of  figures  are  concerned;  as,  for 
example,  those  of  Breslau,  in  which  both  hospital  and  dispensary 
material  was  used. 

It  cannot  be  regarded  as  extraordinary  that  lesions  often  simultane- 
ously appear  in  the  venous  and  the  arterial  valves  of  the  left  side  of  the 
heart.  These  lesions,  it  must  be  remembered,  represent  by  far  the 
largest  number  of  valvular  affections  observed,  and  the  proximity  of  the 
valves  favors  an  overlapping  of  the  tissue  changes  from  one  to  the  other. 

The  effect  of  complex  valvular  lesions  upon  the  circulation  of  the 
blood  has  been  reasoned  out  by  some  writers;  but  very  little  has  been 
gained  by  this  for  a  true  understanding  of  the  conditions,  and  nothing 
has  resulted  beyond  relapsing  into  a  schematic  method  of  thinking  which 
has  no  value  in  treatment  and  but  a  very  slight  value  in  diagnosis. 

We  must  not  forget  that,  in  addition  to  the  mechanic  conditions,  the 
work  of  the  heart-pump  depends  upon  its  musculature,  and  that  the  latter 
is  actually  the  most  important  element.  Since  we  know  that  the  muscula- 
ture largely  controls  the  play  of  the  valve,  and  that  it  is  capable  of  directly 
adapting  it^f  to  the  increased  or  decreased  task  set  before  it,  it  is  no 
longer  possible  to  hold  the  gross  changes  in  the  valves  and  orifices  solely 
responsible  for  everjrthing  that  occurs. 

The  earlier  authors  understood  this  quite  well,  especially  from  the  clinical 
standpoint.  ''In  view  of  the  great  variety  of  combinations  of  valvular  diseases 
that  may  occur,  it  is  natural  t^t  there  should  be  a  ereat  difference  in  the  distur- 
bances on  the  part  of  the  heart  and  the  circulation  that  may  be  observed  in  such 
complicated  cases.  Each  of  these  cases,  properly  speaking,  has  its  own  charac- 
teristics, and  a  general  description  can  be  given  only  in  very  broad  terms"  (Bam- 
berger*). 

He  then  attempted  to  classifv  these  cases  in  such  a  way  as  to  divide  the  com- 
bined valvular  affections  into:  (1;  Those  that  supplement  each  other  in  their  effects. 
Example:  a  stenosis  of  the  aortic  orifice  combined  with  insufiicienc}r  of  the  mitral. 
(2)  Those  that  mutually  compensate  each  other.  Example:  Aortic  insufficiencv 
with  a  considerable  degree  of  stenosis  of  the  left  venous  onfice.  (3)  Lesions  which 
complement  each  other  in  one  direction  while  the^r  compensate  each  other  in  another. 
Example:  stenosis  of  the  left  venous  orifice  with  insufficiency  of  the  tricuspid.  The 
final  conclusion  of  Bamberger,  however,  is  as  follows:  ''It  would  be  erroneous  to 
suppose  that  this  classification  includes  every  possible  combination,  but  the  scheme 
outnned  above  is  verv  useful  in  diagnosis." 

One  fact  to  which  Bamberger  calls  attention  should  be  remembered  as  a  warn- 
ing to  all  those  who  are  inclined  to  judge  a  priori:  "The  conditions  which  occur 
when  very  extensive  lesions  are  present  are  worthy  of  note,  especially  those  of  sten- 
osis of  all  valves  except  the  pulmonaiy  artery.  In  such  a  case  we  would  expect 
a  priori  to  see  the  most  marked  local  disturbances  and  the  greatest  increase  in  the 
volume  of  the. heart.  Judging  from  a  quite  extensive  series  of  specimens  which  I 
have  examined  in  various  museums,  I  may  be  allowed  to  state  positively  that  such 
is  the  case  only  very  exceptionally,  and  that  the  heart  in  such  instances  is  but 
slightly  enlarged,  or  may  not  even  be  hypertrophied  at  all." 

The  importance  of  the  musculature  of  tne  heart  shows  itself  very  distinctly 
in  the  picture  of  combined  valvular  disease  when  we  have  the  opportunity  to  follow 
the  development  of  such  valvular  defects,  together  with  frequently  recurrent  endo- 
carditis and  myocarditis.  I  have  reported  two  such  cases  in  a  brief  manner  in  this 
treatise  (Endocarditis,  p.  222),  and  have  included  reports  of  the  autopsies: 

Case  XII. — Stenosis  and  insufiiciency  of  all  the  valves  on  the  left  side  of  the 
heart;  dilatation  of  the  ascending  aorta. 

*"Lehrbuch,"p.  292. 
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Case  XIII. — Stenosis  and  insufficiency  of  all  the  valves  of  the  left  heart; 
slight  stenosis  of  the  right  venous  orifice;  dilatation  of  the  ascending  aorta. 

The  diagnosis  of  these  conditions  is,  in  a  great  measure,  obscured 
through  the  variable  working-capacity  of  the  heart. 

In  the  first  place,  the  increase  of  cardiac  dulness  is  by  no  means  always 
the  same,  the  area  enlarging  and  decreasing  from  time  to  time.  Thus,  in. 
case  XIII,  we  find  that  on  October  29,  1886,  the  dulness  extended  one 
finger-breadth  beyond  the  right  sternal  line.  On  November  3,  1886,  it 
extended  three  filnger- breadths  beyond  the  right  sternal  line.  Then  it 
steadily  decreased  in  area  until  June  14,  1887,  when  it  was  found  one 
finger-breadth  beyond  the  right  sternal  line,  and  finally  it  increased  again 
and  on  December  13,  1887,  was  found  four  finger-breadths  beyond  that 
line.  There  is  no  doubt  that  these  variations  were  produced  by  the  more 
or  less  marked  resistance  which  the  heart  muscle  offered  against  the  dilata- 
tion, and  that  this  resistance  again  depended  upon  the  degree  of  working 
capacity  of  the  heart.  We  must  remember  this  fact  when  we  attempt 
to  utilize  the  increase  of  the  transverse  diameter  of  the  dulness  in  diagnos- 
ticating the  involvement  of  the  right  heart  when  a  valvular  disease  is 
compensated. 

The  left  ventricle  is  much  less  exposed  to  such  variations  in  its  volume. 
At  least  these  variations  are  not  demonstrable;  the  irr^ular  activity  of 
the  left  ventricle  is  manifest  through  the  changes  in  the  auscultatory 
phenomena  and,  unfortunately,  we  are  obUged  to  depend  chiefly  upon 
these  signs  in  the  complicated  cardiac  lesions  (see  above,  p.  330).  Ex- 
perienced ph3rsicians  are  rather  conservative  on  this  question.  The  most 
emphatic  expression  of  opinion  is  that  of  Oscar  Fraentzel,*  who  justly 
says:  "The  inexperienced  observer  cannot  be  too  strongly  warned  against 
assuming  the  presence  of  complicated  valvular  lesions."  And,  further  on: 
"The  physician  who  is  constantly  accustomed  to  control  his  diagnoses 
by  autopsies  will  be  reluctant  to  assume  the  presence  of  complicated 
valvular  lesions,  and  will  prefer  very  often  to  express  a  'non  liquet' 
rather  than  to  attempt  to  make  a  positive  diagnosis." 

Fraentzel  himself  believes  that,  aside  from  stenosis  and  insufficiency 
of  the  mitral  valve,  characteristic  signs  sufficient  for  an  easy  diagnosis  can 
only  be  expected  in  mitral  stenosis  combined  with  aortic  insufficiency. 
The  determining  factor  is  as  follows:  /'A  diastolic  murmur  at  the  apex 
existing  in  one  of  its  numerous  modifications  (see  above,  p.  365),  combined 
very  frequently  with  an  exquisite  diastolic  thrill,  while  on  the  left  side  of 
the  sternum  at  the  fifth  costal  cartilage,  or  at  the  right  border  of  the  sternum 
in  the  second  intercostal  space,  we  hear  a  loud  single  diastolic  murmur. 
The  pulse  is  more  or  less  small,  and  yet  its  qualities  of  pulsus  aUiLS  and 
celer  can  scarcely  be  mistaken." 

Other  signs  may  either  be  absent  or  present;  as,  for  example,  cardiac 
dulness  and  apex-beat,  both  of  which  may  vary  to  a  great  extent.  There- 
fore, the  distinguishing  characters  of  the  diastoUc  murmur,  together  with 
the  quality  of  the  pulse,  are  the  decisive  factors  in  these  cases,  and  when 
they  are  both  clearly  marked,  a  definite  opinion  may  be  expressed. 

I  do  not  care  to  enter  into  details,  and  I  repeat  what  Gerhardt  sa}^:t 
"In  all  combined  valvular  lesions,  thorough  study  of  the  case  makes 
all  the  rules  worthless."  Another  point  to  be  mentioned  is  that  the 
symptoms  of  a  combined  valvular  lesion  may  disappear  wholly  or  partly 

♦"Vorlesungen,"  pp.  80  et  «eg.,  and  pp.  168  et  seq. 
t  "Lehrbuch  der  Auscultation  und  Percussion,"  p.  327. 
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for  a  time.  There  is  nothing  remarkable  in  this,  if  there  is  also  cardiac 
weakness,  but  it  happens  at  times  that  it  is  only  with  the  development 
of  cardiac  weakness  that  the  lesion  becomes  clearly  marked.  This  is  what 
happened  in  the  case  reported  by  von  Leube.* 

The  patient,  a  man  aged  fifty-five  years,  showed  the  picture  of  a  pure  mitral 
insufficiency  on  admission  into  the  Julius  Hospital.  Three  weeks  later  the  first 
signs  of  an  insufficien<r^  of  the  aortic  valves  appeared,  and  soon  increased  in  inten- 
sity, while  a  stenosis  of  the  left  venous  orifice  could  also  be  made  out.  In  addition, 
there  was  insufficiency  of  the  heart  with  edema  of  the  ankles,  swelling  of  the  liver, 
and,  finally,  insufficiency  of  the  tricuspid.  The  autopsy  showed,  in  addition  to 
the  changes  upon  the  left  venous  orifice,  the  following  lesions  of  the  aorta. 

''The  first  valve  was  deformed,  thickened,  and  calcified.  The  same  changes 
appeared  in  the  second,  which  was  adherent  to  the  third." 

These  chan^  in  the  aorta,  therefore,  did  not  develop  during  the  patient's 
stay  at  the  hospital,  and  did  not  give  rise  to  any  symptoms  so  long  as  the  heart  was 
comparatively  strong.    They  developed,  however,  when  cardiac  weakness  ensued. 

The  prognosis  is  certainly  not  improved  by  the  presence  of  several 
cardiac  lesions.  Possibly  stenoses  that  are  combined  with  insufficiencies 
may  in  one  way  be  considered  as  favorable,  at  least  when  they  remain 
within  moderate  limits  (see  above,  pp.  360  and  406).  Yet  it  is  doubtful 
whether  the  work  of  the  heart  is  facilitated  and  whether  an  early  collapse 
of  the  organ  is  thereby  prevented. 

The  fact  that  a  niunber  of  foci  of  infection  are  present  in  valvular 
lesions  due  to  bacterial  endocarditis  is  probably  not  unimportant.  Do 
these  infections  not  tend  to  recinr  more  readily? 

*  *'  Spec.  Diagnose,''  first  ed.,  pp.  41,  42. 
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INTRODUCnON* 

The  consideration  of  the  subject  of  diseases  of  the  heart  at  this  time 
presents  a  great  many  serious  difficulties.  Authorities  are  not  even  agreed 
on  the  conditions  that  are  to  be  included  among  diseases  of  the  heart. 
As  a  matter  of  fact,  the  term  should  include  those  conditions  in  which 
a  functional  abnormality  of  the  heart  constitutes  the  starting-point  of 
the  morbid  symptoms  observed  in  the  organism.  It  is  not  advisable, 
however,  to  restrict  the  term  to  these  processes  in  a  discussion  on  diseases 
of  the  heart.  Disturbances  of  the  cardiac  function  are  very  frequently 
secondary  to  diseases  of  other  organs  which  represent  the  cause  of  the 
cardiac  trouble.  According  to  the  above  definition,  all  such  conditions 
would  have  to  be  omitted  from  the  discussion.  But  in  not  a  few  of  these 
cases  the  cardiac  s3rmptoms  predominate  to  such  a  degree  that  none  but 
an  expert  is  able  to  recognize  their  secondary  nature.  In  forming  his 
judgment  of  a  disease  the  physician  must  begin  with  the  symptoms. 
On  the  symptoms  he  bases  his  diagnosis,  as  well  as  his  classification,  of 
the  disease.  The  question  to  what  extent  diseases  of  organs  other  than 
those  which  give  rise  to  the  sjrmptoms  form  the  starting-point  of  the  path- 
ologic process  is  merely  secondary.  For  these  reasons  it  seems  advisable 
to  include  in  a  clinical  presentation  all  morbid  conditions  characterized 
by  pronounced  cardiac  symptoms,  and,  indeed,  such  a  course  is  abso- 
lutely necessary  in  a  discussion  of  the  differential  diagnosis. 

A  comprehensive  discussion  of  circulatory  symptoms  occurring  in  all 
forms  of  disease  would  absolutely  guard  against  omission;  but  to  do  that 
would  carry  one  too  far  afield  and  would  be,  in  fact,  absolutely  impossible, 
because  in  many  cases  phenomena  emanating  from  the  heart  can  only 
be  understood  when  taken  in  connection  with  the  complete  clinical 
picture  of  the  disease. 

It  is  evident,  therefore,  that  we  must  choose  a  middle  path,  and  for 
the  present  we  can  find  no  better  criterion  than  custom.  To  a  certain 
ext^t  a  writer  will,  no  doubt,  be  swayed  by  his  personal  views;  for  on 
many  subjects  a  diversity  of  opinion  is  allowable  and  will  probably  always 
continue  to  exist.  My  purpose  to  discuss,  under  the  head  of  diseases 
of  the  heart  muscle  and  nervous  diseases  of  the  heart,  all  those  conditions 
which,  by  common  consent,  based  on  our  present  conceptions,  are  included 
under  these  heads,  is  confirmed  in  this  case  by  the  consideration  that,  in 
the  preparation  of  the  present  text-book,  the  field  of  circulatory  dis- 
turbances, which  should  form  a  composite  whole,  has  for  practical  reasons 
been  broken  up  and  assigned  for  treatment  to  several  different  physicians. 
This  consideration  alone  makes  it  imperative  for  each  individual  contrib- 
utor to  follow  custom  in  the  classification  of  his  material.  There  is  no 
occasion  in  this  work  to  give  a  comprehensive  view  of  the  entire  field. 
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One  great  difficulty  encountered  in  the  treatment  of  this  subject  is  that  the 
heart  ana  the  blood-vessels  have  not  been  assi^ed  to  the  same  individual.  We 
have  come  to  recognize  more  and  more  the  functional  unity  of  these  two  structures, 
and  our  efforts  should  be  directed  toward  developing  and  elaborating  a  pathology 
of  the  circulation.  In  health  the  most  wonderful  contrivances  exist  for  controlling 
the  circulation  in  a  certain  definite  manner  to  meet  the  needs  of  the  organism  by 
mutual  adaptation  between  heart  and  blood-vesseb,  and  in  disease  also  the  etiologic 
factors  in  many  cases  do  not  act  upon  the  heart  or  vessels  separately;  on  the  con- 
trary, disease  involving  both  heart  and  vessels  plays  a  verv  important  r61e,  greater, 
indeed,  than  is  generally  supposed.    The  same  is  true  also  of  therapeutic  agents. 

The  assignment  of  the  material  to  a  number  of  workers  must  explain 
and  excuse  the  presence  of  many  repetitions.  As  in  the  contemplation  of 
biologic  processes  in  general,  artificial  divisions  cannot  be  carried  out 
beyond  a  certain  point;  nor  is  diversity  of  opinion  in  the  general  concep- 
tion of  individual  matters  avoidable.  Many  questions  are  still  under 
discussion  and,  therefore,  can,  and  indeed  ought,  in  the  interests  of  science, 
to  be  approached  from  various  points  of  view.  At  all  events  this  diversity 
of  opinion  will  do  no  harm;  for  the  work  is  intended  for  physicians,  and 
in  the  course  of  their  practice  they  have  long  ago  found  out  the  harm  that 
may  accrue  not  only  to  the  progress  of  science,  but  also  to  the  actual 
effectiveness  of  a  physician's  work — ^in  view  of  the  ever-changing  and  com- 
plicated relations  of  daily  life — ^from  any  attempt  at  schematic  dogma- 
tism or  deception  in  regard  to  what  we  really  know. 

As  this  is  not  the  proper  place,  nor  the  present  the  proper  time,  to 
introduce  new  boundaries  for  the  field  as  a  whole,  I  have  avoided  any 
innovation  in  the  classification  of  the  various  individual  conditions  which 
I  shall  discuss  and,  agreeing  entirely  with  E.  Romberg,  have  adopted  a 
classification  in  which  the  various  groups  of  diseases  are  jumbled  together 
according  to  clinical,  pathologic,  or  etiologic  considerations.  In  doing 
so  things  which  in  many  respects  belong  together  have  had  to  be  separated, 
and  others,  which  ought  to  be  considered  apart  from  one  another,  have 
been  frequently  discussed  together;  digressions  and  repetitions  are  un- 
avoidable. 

From  a  theoretic  standpoint  all  this  is  very  unfortunate,  but  I  know 
of  no  other  practicable  method.  Any  attempt  to  erect  a  pure,  etiologically 
circumscribed  clinical  picture  had  to  be  given  up,  because  to  do  so  I 
should  have  been  obliged  either  to  omit  certain  things  altogether  or  to  do 
violence  to  the  facts  and  bring  them  in  at  altogether  unsuitable  places. 

The  physician  will  find  what  he  wants  in  spite  of  the  classification, 
and  perhaps  this  sad  state  of  affairs  will  impel  the  reader  to  contribute 
something  toward  clearing  up  the  clinical  phenomena.  True  progress 
can  only  be  achieved  by  cooperation,  and  if  the  entire  work  is  left  to  the 
clinician,  as  has  been  done  in  the  past,  a  certain  one-sidedness  will  con- 
tinue to  be  unavoidable,  for  it  is  a  necessary  consequence  of  the  distri- 
bution of  the  clinical  material.  On  certain  very  important  and  inter- 
esting matters,  especially  the  course  and  duration  of  many  diseases,  the 
only  one  who  can  give  useful  information  is  the  practising  physician  who 
has  at  his  disposal  a  well-established  private  practice. 

We  are  living  in  a  period  of  practice  and  "therapeusis."  One  is 
almost  afraid  to  indulge  in  theoretic  considerations,  and  the  world  is 
ever  ready  to  brand  the  man  who  does  so  as  "  unpractical"  and  a  "  poor 
doctor.'*  For  all  that,  I  consider  it  my  duty  not  only  to  devote  some 
attention  to  theory  and  controversy,  but  also  never  to  attempt  to  hide 
my  lack  of  knowledge.    The  only  hope  for  progress  in  science  and  for 
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securing  the  necessary  cooperation  of  the  practising  physician  is  to  keep 
the  latter  thoroughly  instructed  as  to  the  status  of  the  questions  in  con- 
troversy. But  in  my  opinion  the  physician  cannot  dispense  with  theory 
even  in  his  every-day  practice,  for  his  theoretic  knowledge  alone  enables 
him,  in  view  of  the  endless  varieties  of  pathologic  phenomena  which, 
strictly  speaking,  are  different  in  every  new  case,  to  be  sure  of  his  judg- 
ment and  ready  to  act. 
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EXAMINATION. 

In  order  to  describe  diseases  of  the  heart  it  is  necessary,  first,  to  set 
forth  how  and  according  to  what  principles  the  diagnosis  is  made.  For, 
although  we  are  agreed  on  the  general  principles  of  diagnosis,  there  are, 
nevertheless,  a  number  of  individual  differences  of  nomenclature,  usage, 
and  habits  of  thought,  and  an  observer's  descriptions  cannot  be  clear 
unless  one  is  acquainted  with  his  own  special  diagnostic  methods. 


THE  ANAMNESIS. 

It  is  extremely  important,  in  examining  heart  patients,  to  take  an 
exhaustive  history  of  the  case.  The  force  of  this  becomes  more  and  more 
apparent  the  older  one  gets  and  the  more  precise  one  tries  to  be  in  diag- 
nosis. The  history  of  the  present  disease,  the  history  of  former  diseases, 
the  patient's  social  and  family  conditions,  both  present  and  past — ^all 
such  matters  must  be  carefully  inquired  into  in  this  as  in  other  diseases. 

There  are  two  questions  that  demand  special  attention.  The  first  is 
to  what  extent  the  patient,  up  to  the  time  of  the  present  disease  or  possi- 
bly after  its  inception,  was  able  to  meet  the  various  demands  of  daily 
life,  both  physical  and  psychic.  To  determine  this  point  the  patient 
must  be  closely  questioned  in  regard  to  every  possible  detail.  For,  since 
we  must  have  information  about  the  condition  of  the  circulation  in  our 
patient  and  the  methods  for  testing  it  are  still  very  imperfect,  the  patient's 
ability  to  meet  the  demands  made  on  his  heart  must  be  determined  as 
fully  as  possible  from  the  history. 

In  the  second  place,  we  ought  to  make  ourselves  acquainted  with  the 
patient's  personality,  and  the  best  way  to  accomplish  it  is  by  taking  a 
careful  history.  A  thorough  acquaintance  with  the  individual  is  the 
most  important  point,  both  in  the  diagnosis  and  in  the  treatment  of  heart 
patients.  If  the  time-honored  saying  that  we  treat  patients  and  not 
diseases  is  ever  to  be  strictly  applied,  it  is  in  the  case  of  heart  patients. 
To  do  this  it  is  obvious  that  we  need  as  full  a  knowledge  as  can  be  obtained 
of  the  patient's  whole  personality.  How  far  the  physician  will  be  able 
to  obtain  this  knowledge  will  depend,  in  the  first  place,  on  the  patient's 
relations  to  his  physician  in  general,  on  the  latter's  penetration,  and,  to 
a  large  extent  also,  on  a  number  of  minor  matters.    Thus,  the  physician 
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must  carefully  note  the  patient's  manner  in  relating  his  trouble,  the  judg- 
ment he  has  himself  formed  of  his  condition,  what  his  ideas  are  about  its 
cause,  and  his  relations  to  men  and  things  in  general  in  the  outside  world. 
This  is  not  the  place  to  discuss  these  things  in  detail,  for  they  are  essen- 
tially the  same  in  heart  patients  as  in  any  other  class.  I  merely  wish 
to  point  out  the  great  importance  of  these  matters  in  the  consideration  of 
the  subjects  with  which  we  are  dealing. 

EXAMINATION  OF  THE  PATIENT. 

Heart  patients  may  be  examined  either  in  the  semirecumbent  position 
in  bed  or  in  the  standing  or  sitting  posture.  In  the  latter  case  the  ex- 
aminer must  also  stand  or  sit  in  front  of  the  patient.  A  good  general 
view  of  the  body  is  obtained  by  having  the  patient  sit  on  the  edge  of  the 
table,  the  physician  standing  in  front  of  him,  as  Curschmann  is  frequently 
in  the  habit  of  doing.  Very  often,  however,  we  have  no  choice,  the  pa- 
tient's dyspnea  forcing  us  to  make  the  examination  in  a  certain  definite 
position.  It  is,  therefore,  important  to  master  the  technic  so  thoroughly 
that  one  is  able  to  examine  in  any  position.  Whenever  a  choice  is  possi- 
ble, it  is  often  very  useful  to  make  the  examination  in  several  different 
positions,  because  some  phenomena,  as,  for  example,  auscultatory  signs, 
change  with  the  position  of  the  body. 

In  heart  disease,  as  in  every  other  morbid  condition,  a  careful  inspec- 
tion should  be  made  of  the  patient's  exterior,  noting  the  expression  of 
the  face,  from  which  alone  much  information  may  be  obtained,  whether 
there  is  anxiety  and  dyspnea,  grief  and  worry,  or  whether  the  inner  per- 
sonality has  remained  imtouched  by  the  disease.  We  shall  learn  that  in 
a  variety  of  conditions,  such  as  angina  pectoris,  for  example,  the  expres- 
sion of  the  face  is  unmistakably  altered. 

Other  things  to  be  noted  are  the  color  of  the  skin  and  mucous  mem- 
branes, the  patient's  position  and  attitude,  the  type  of  breathing  during 
rest  as  well  as  during  movement,  as,  for  example,  when  the  patient  is 
talking.  After  that  the  individual  systems  are  examined;  for  a  con- 
scientious physician  must  include  them  all  in  his  consideration  of  the 
case  before  forming  his  opinion.  But  it  is  not  possible  to  give  general 
rules  as  to  how  minute  this  examination  of  every  individual  part  of  the 
body  must  be;  that  must  be  determined  by  special  conditions  and  by  the 
requirements  of  the  individual  case. 

In  this  discussion  we  shall,  of  course,  include  only  the  examination  of  . 
the  circulatory  apparatus. 

INSPECTION  AND  PALPATION  OF  THE  HEART. 

Examination  of  the  Heart  by  Inspection  and  Palpation.— We 
desire  to  learn  the  position  of  the  heart,  its  size,  the  condition  of  the  in- 
dividual portions,  as  well  as  the  action  of  the  valves  at  the  various  orifices. 
In  addition  we  must  satisfy  ourselves  in  regard  to  the  condition  and  ability 
to  perform  its  work,  both  of  the  general  circulation  and  of  the  circulation 
in  each  individual  organ. 

We  have  at  our  disposal  a  great  variety  of  methods  of  examination, 
and  these  methods  are  all  necessary;  for,  on  the  one  hand,  a  certain  object 
is  attained  by  means  of  various  procedures,  and,  on  the  other  hand,  the 
same  method  may  solve  several  different  questions.  In  presenting  the 
subject  we  may  eitheV  take  up  the  data  that  are  to  be  determined  in  their 
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order,  or  discuss  the  individual  methods  and  emphasize  what  they  are 
able  to  teach  us.  Like  most  authors,  we  elect  the  second  alternative, 
because,  by  doing  so,  we  shall  at  the  same  time  describe  the  process  of 
clinical  examination  in  its  proper  order. 

First  of  aU,  the  entire  precordia,  as  well  as  the  anterior  chest-wall,  must 
be  subjected  to  careful  inspection.  For  this  purpose  it  is  necessary  to  re- 
move the  shirt  altogether,  as  otherwise  it  is  impossible  to  get  an  ex- 
haustive view.  The  shape  and  arching  of  the  thorax  first  demand  our 
attention.  In  the  great  majority  of  healthy  persons  the  chest  is  sym- 
metric in  both  respects,  there  being  no  difference  between  the  right  and 
the  left  side.  In  some  cases  there  are  diflferences  due  to  anomalies  in  the 
bones,  as,  for  example,  after  rachitis,  and  much  more  frequently  in  kjrpho- 
scoliosis  of  the  thoracic  vertebrae,  the  etiology  of  which  is  so  mysterious. 
For  the  kyphoscoUosis  may  be  of  almost  any  degree,  and  there  are  in- 
dividual cases  in  which  the  condition  produces  a  deformity  in  the  pre- 
cordial region — either  a  bulging  or  a  depression.  These  are  the  only 
deformities  that  interest  us  here.  The  same  thing  is  sometimes  seen  in 
cases  of  unilateral  distortion  of  the  ribs  at  their  insertion  to  the  sternum, 
which  may  also  cause  bulging  of  the  precordia.  Other  causes  are  medias- 
tinal tumors  and  aneurysm  of  the  aorta,  which,  with  due  care,  can 
always  be  differentiated  from  cardiac  precordial  bulging. 

In  all  these  cases  the  anomaly  in  the  shape  of  the  thorax  is  primary 
and  must  be  carefully  distinguished  from  cases  in  which  a  functional 
anomaly  of  the  heart  causes  the  change  in  the  thorax,  or,  in  other  words, 
in  which  the  functional  anomaly  is  primary  and  the  change  in  the  thorax 
secondary. 

The  heart  itself  is  capable  of  increasing  the  circumference  of  the 
chest  by  forcibly  pressing  against  yielding  costal  cartilages. 

Thus  the  position  and  the  action  of  the  heart,  as  well  as  the  degree  of 
flexibility  of  the  costal  cartilages,  are  of  importance;  the  relation  between 
the  two  factors  appears  to  be  fundamental.  It  is  the  cartilaginous  por- 
tions of  the  ribs  that  must  be  considered  chiefly  from  this  point  of  view, 
as  their  flexibility  varies  at  different  periods  of  life;  but  the  most  impor- 
tant change  that  they  undergo  is  calcification,  the  degree  of  which  varies  ex- 
ceedingly in  different  individuals.  The  deposit  of  lime  salts  in  any  quan- 
tity obviously  offers  a  considerable  impediment  to  the  bending  of  the  ribs. 

In  many  cases  the  absolute  strength  of  the  heart's  contraction  is  greater 
than  normal.  But  this  is  not  a  necessary  condition  for  the  production  of 
a  prominence  in  the  precordial  region;  the  essential  thing  being  that  the 
heart  must  be  brought  forcibly  against  the  chest,  which,  as  will  be  shown 
presently,  may  happen  even  when  the  strength  of  the  cardiac  contrac- 
tions is  absolutely  diminished,  providing  the  situation  of  the  viscus  in 
relation  to  the  chest-wall  is  changed  by  dilatation. 

The  thorax  in  these  cases  either  bulges  forward  or  is  drawn  out  later- 
ally, so  that  the  left  nipple  is  farther  away  from  the  sternum  than  the 
right;  not  infrequently  both  changes  are  found  associated. 

Unquestionably,  the  most  marked  cases  of  bulging  of  the  precordia 
are  found  in  children  or  young  persons  as  a  result  of  intense  dilatation 
and  hypertrophy  of  the  heart  affecting  either  the  left  or  the  right  ventri- 
cle. As  a  rule,  increased  action  on  the  part  of  the  left  ventricle  is  of  more 
importance  because  its  contractile  strength  is  much  greater  than  that  of 
the  right.  But  if  the  costal  cartilages  are  sufficiently  yielding,  the  pressure 
of  the  right  ventricle  may  also  be  sufficient  to  produce  bulging. 
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The  influenoe  of  pericarditic  processes  on  the  production  of  a  bulging  precordia 
need  not  be  discussed  in  this  connection.  In  the  literature  the  effect  of  a  recent 
exudate  has  often  been  overestimated,  as  Schrotter  quite  correctly  points  out  in 
this  work.  When  the  condition  is  solely  due  to  the  presence  of  an  exudate,  it  is 
probable  that  the  changes  more  frequently  consist  of  a  certain  degree  of  edema  of 
the  precordia  and  a  certain  degree  of  bulging  of  the  intercostal  spaces  rather  than 
true  protrusion  of  the  ribs.  On  the  other  hand,  the  adhesions  that  follow  an  exu- 
dative pericarditis  occasionally  produce  enlargement  of  both  ventricles,  and,  as  a 
result,  bulging  of  the  precordia;  m  these  very  conditions,  however,  retraction  of  the 
chest-wall  is  also  not  infrequently  observed. 

As  the  ribs  become  firmer  and  the  cartilages  undergo  calcification, 
the  effect  of  even  marked  enlargement  of  the  heart  on  the  shape  of  the 
precordia  becomes  less  and  less. 

Whenever  an  enlargement  of  the  heart  has  encroached  upon  and 
diminished  the  size  of  the  left  limg,  the  respiratory  excursions  of  the  left 
half  of  the  thorax  are  lessened,  assuming  that  the  thorax  in  the  affected 
individual  shows  distinct  respiratory  movements. 

The  methods  of  inspection  and  palpation  cannot  be  dissociated  in 
the  examination  of  the  apex-beat. 

The  term  "  apex-beat ''  or  "  heart-beat " — we  use  these  terms  synony- 
mously— is  used  to  describe  the  bulging  of  a  point  on  the  chest-wall  at 
regular  intervals  coinciding  with  ventricular  systole.  In  a  healthy  adult 
of  middle  age  this  point  is  found  in  the  left  intercostal  space,  more  or  less 
close  to  and  within  the  nipple-line,*  and  exactly  corresponds  to  the  apex 
of  the  heart  or  to  a  point  a  little  to  the  median  side  of  the  apex. 

In  small  children,  up  to  the  tenth  year  of  life,  the  apex-beat  is  fre- 
quently found  outside  of  the  nipple-line,  and  quite  often  in  the  fourth 
intercostal  space.  As  the  time  when  the  apex-beat  begins  to  coincide 
with  the  manunillary  line  varies  greatly  in  different  individuals,  it  is 
often  difficult  to  say  in  the  case  of  children  near  the  upper  limit  of  child- 
hood whether  the  position  of  the  apex-beat  is  normal  or  abnormal. 

Old  age  in  itself  does  not  lead  to  displacement  of  the  apex-beat,  but 
it  is  often  associated  with  such  conditions  as  arteriosclerosis  and  emphy- 
sema, which  cause  downward  and  outward  displacement.  In  arterio- 
sclerosis the  left  ventricle  is  dilated;  in  emphysema  the  position  of  the 
diaphragm  and  that  of  the  entire  heart  is  low. 

Sometimes  the  apex-beat  is  observed  in,  or  even  just  beyond,  the 
nipple-line  in  perfectly  healthy  middle-aged  men,  and  very  rarely  it  may 
be  foimd  in  the  same  class  of  individuals  in  the  fourth  intercostal  space. 
The  thorax  is  then  usually  abnormally  short. 

This  displacement  is  much  more  frequent  in  women ,t  it  being  observed  in  12 
per  cent,  of  the  cases.  The  position  of  the  apex-beat  as  regards  the  horizontal 
and  the  vertical  bear  a  certain  relation.  When  the  diaphra^  is  high,  the  long 
axis  of  the  heart  approaches  the  horizontal;  when  the  diaphragm  is  low,  the  long 
axis  is  more  nearly  vertical.  For  this  reason  an  apex-beat  felt  in  the  fourth  inter- 
costal space  is  frequently  found  in  or  beyond  the  nipple-line.  Even  when  the 
apex-beat  is  in  the  fifth  mtercostal  space  in  women  it  is  sometimes  found  beyond 
the  spot  which  in  the  male  corresponds  to  the  nipple-line. 

Very  rarely,  and  only  when  the  thorax  is  abnormally  long,  the  apex-beat  is 
seen  in  the  sixth  intercostal  space  in  perfectly  healthy  persons. 

Obviously,  therefore,  it  would  be  altogether  wrong  to  follow  a  rigid 
scheme  when  interpreting  the  position  of  the  apex-beat,  and  I  cannot 

*  Cf.  Eulau,  "Archiv  fOr  klinische  Medicin,"  vol.  xxxiv,  p.  258.  Kirchner, 
ilerkel-Bonnet's  "Anatomische  Hefte,"  i,  x,  p.  127. 

t  Schultess,  "Archiv  fQr  klinische  Medicin,"  vol.  Ix,  p.  320. 
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caution  my  readers  too  emphatically  against  drawing  absolute  conclusions 
from  slight  abnormalities  in  the  position  of  the  apex-beat,  especially 
when  there  is  any  anomaly  of  the  thorax.  For  abnormalities  of  the 
thorax  give  rise  to  the  most  bizarre  displacements  of  the  apex-beat  even 
when  no  disease  of  any  kind  is  discoverable  in  the  heart. 

It  has  been  shown  that  in  a  healthy  individual  the  apex  of  the  heart, 
or  a  point  very  near  it,  during  the  apex-beat  actually  forces  itself  in  the 
intercostal  space.  As  the  apex  of  the  heart  is  behind  the  tongue-shaped 
process  of  the  left  lung,  the  apex-beat  must  be  effected  through  that  por- 
tion of  pulmonary  tissue  which  has  an  important  bearing  on  the  explana- 
tion of  some  changes  that  are  observed  in  the  apex-beat.  It  explains, 
for  example,  the  frequent  diminution  of  the  apex-beat  during  inspiration. 

So  far  as  I  can  see,  there  ought  now  to  be  no  more  doubt  about  the 
toay  in  which  the  apex-feeaf*  is  produced.  The  heart  occupies  the  left  an- 
terior portion  of  the  dome  of  the  diaphragm,  the  long  axis  running  from 
the  right  above  and  behind,  to  the  left  forward  and  downward,  so  that 
the  apex-beat,  as  a  rule,  reaches  as  far  as  the  fifth  intercostal  space. 
During  diastole  the  shape  and  position  of  the  heart  are  directly  dependent 
on  the  arrangement  and  tension  of  neighboring  organs;  for  then  the 
viscus  is  exceedingly  soft  and  has  no  characteristic  form,  3rielding  itself 
absolutely  to  the  mechanic  conditions  of  its  surroundings  and  to  the  action 
of  gravity.  During  diastole  the  long  axis  of  the  heart  is  inclined  toward 
the  left  anterior  chest-wall  in  such  a  way  that  the  chest-wall  forces  the 
apex  backward. 

During  systole,  on  the  other  hand,  the  heart  has  a  definite  shape, 
namely,  that  of  a  cone  with  the  apex  approximately  above  the  center  of 
the  base.  The  long  axis  of  the  ventricles  undergoes  very  little  or  no 
diminutionf  in  comparison  with  the  length  of  the  organ  during  diastole. 
As  the  heart  becomes  extraordinarily  hard  during  systole,  it  is  able  to 
persist  in  its  effort  to  assume  its  characteristic  shape  even  in  the  face  of 
considerable  resistance.  During  diastole  the  apex,  as  has  been  mentioned, 
is  forced  slightly  backward  by  the  chest-wall  from  its  position  above  the 
center  of  the  base;  during  systole  it  has  the  power  of  maintaining  its  posi- 
tion at  that  point.  A  study  of  the  relations  of  the  thorax  in  any  good  illus- 
tration of  a  cross-section  (as,  for  example,  illustration  No.  13  in  the  large 
edition  of  Braune's  ''Atlas'')  makes  it  at  once  apparent  that  there  is  a 
systolic  bulging  of  the  apex  in  the  fifth  intercostal  space.  In  addition 
it  has  been  shownj  that  during  ventricular  systole  the  apex  of  the  heart 
moves  to  the  right,  upward  and  forward. 

In  all  essential  points  this  corresponds  with  the  old  theory,§  thought 
out  by  C.  Ludwig,  and,  so  far  as  I  can  see,  satisfies  all  reasonable  require- 
ments.  It  tallies  perfectly  with  the  more  recent  views  in  regard  to  the 
position  and  the  contraction  of  the  heart.  As  Martins  points  out,  with 
good  reason,  it  is  now  time  to  discard  the  numerous  other  hypotheses 
that  still  exist  in  regard  to  the  production  of  the  apex-beat,  especially 

*  For  the  literature  relating  to  the  mode  of  production  of  the  apex-beat  up  to 
1880  see  RoUett,  in  Hermann's  "Handbuch  der  Physiologie/'  fourth  edition,  i,  pp. 
182  et  «ea.  Martins,  "  Zeitschrift  fttr  kiinische  Medicin,"  xiii,  p.  478.  Ibid., " Volk- 
mann's  Vortrage,"  N.  F.,  No.  113. 

t  Hesse,  "  Archiv  far  Anatomie,"  1880,  p.  328. 

X  Filehne  and  Penzoldt,  ''Centralblatt  iQr  die  medicinischen  Wissenschaften,'^ 
1879,  pp.  465  and  481. 

§  Ludwig,  "Zeitschrift  ftlr  rationelle  Medicin,"  vol.  vii,  p.  189;  "Lehrbuch  der 
Physiologie,"  second  edition,  vol.  ii,  p.  83. 
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the  theories  which  deal  with  the  movement  of  the  blood  as  it  leaves  the 
heart  and  enters  the  lai^  vessels. 

These  theories  are  untenable  for  two  reasons:  in  the  first  place,  the 
apex-beat  is  produced  even  when  the  heart  is  empty,  and,  in  the  second 
place,  it  begins  long  before  the  blood  leaves  the  hee^,  that  is,  during  the 
so-called  closure  or  tension  period  of  the  systole,  as  was  pointed  out  by 
Landois*  and  Martius.f  The  time  occupied  by  the  bulging  of  the  apex 
coincides  in  part,  but  only  in  part,  with  this  period  of  closure  or  tension, 
and  the  determining  factors  in  the  production  of  the  apex-beat  are,  in 
the  first  place,  the  contractile  induration  of  the  heart  and,  in  the  second 
place,  the  position  of  the  apex  above  the  center  of  the  base  without  any 
change  in  the  longitudinal  diameter. 

The  fact  that  the  apex-beat  is  dependent,  on  the  one  hand,  upon  the 
position  and  action  of  the  heart,  and,  on  the  other  hand,  upon  the  position 
and  action  of  the  lungs,  explains  a  good  many  variations  in  its  position 
and  behavior.  In  the  first  place,  it  may  be  altogether  absent  in  healthy 
individuals,  either  because  the  layer  of  lung  overlying  the  apex  is  unusually 
thick  or  because  the  apex-beat  comes  in  relation  with  a  rib  instead  of  an 
intercostal  space;  or,  finally,  because  the  longitudinal  axis  of  the  heart, 
even  in  diastole,  occupies  such  a  position  that  the  apex  is  not  forced 
downward. 

In  is  often  of  advantage  in  determining  the  position  of  the  apex-beat 
to  make  the  examination  with  the  trunk  bent  over  forward.  In  this 
position  the  heart  falls  forward  and  downward,  the  edges  of  the  lung 
recede,  and  the  apex-beat  either  becomes  more  distinct  or  may  be  detected 
when  it  was  apparently  absent  before. 

As  the  position  of  the  heart  changes  with  that  of  the  body,  the  apex- 
beat  is  often  found  to  be  displaced  to  the  left  when  the  individual  lies 
on  the  left  side.  The  degree  of  displacement  to  the  left  is  usually  slightf — 
a  few  centimeters — ^in  most  healthy  individuals;  in  some  cases,  however, 
the  displacement  is  so  great  that  the  term  "wandering  heart"  is  justi- 
fiable.§  It  is  probable,  however,  that  in  such  extreme  cases  the  conditions 
are  not  normal  and  that  the  extreme  mobility  of  the  heart  depends  on 
great  loss  of  intrathoracic  fat  (starvation  cures,  tuberculosis).  In  these 
cases  the  cardiac  displacement  causes  more  or  less  distress  when  the  pa- 
tient lies  on  his  side,  possibly  on  accoimt  of  traction  on  or  kinking  of  the 
large  vessels. 

These  questions  have  recently  received  much  attention.  ||  In  nervous 
persons  abnormal  mobility  of  the  heart  appears  to  be  not  uncommon 
and  causes  peculiar  sensations.  A  comparison  with  movable  kidney 
naturally  suggests  itself. 

When  the  position  of  the  diaphragm  is  high  and  the  heart  is  abnormally 
movable,  so  that  a  larger  portion  of  its  area  comes  in  contact  with  the 
chest-wall,  a  dilatation  may  be  simulated.    Hoffmann  believes  that 

♦  Landois,  "Lehrbuch  der  PhyTsiologie,"  seventh  edition,  p.  92. 

t  Martius,  "Zeitschrift  fOr  klinische  Medicin,"  vol.  xiii,  p.  478. 

t  See  Livierato,  "Centralblatt  far  klinische  Medicin/'  1891,  p.  201.  Pick, 
"Wiener  klinische  Wochenschrift,"  1890,  No.  39,  40.  Tausyk  and  Vas,  "Wiener 
mediciniflche  Presse,"  1891,  No.  29,  30.     Ref.:   "Schmidt's  Jahrbticher,"  p.  193. 

§  Rumpf,  "Ck)ngre88  fOr  innere  Medicin,"  1888,  p.  221. 

II  A.  Hoffmann,  "Acute  Herzdilatation  und  Cor  mobile,"  "Deutsche  medicin- 
ische  Wochenschrift,"  1900,  No.  19.  Ibid.,  "Wiener  medicinische  Wochen- 
schrift," 1899,  No.  12,  13.  Determann,  "Ueber  die  Beweglichkeit  des  Herzens," 
"Deutsche  medicinische  Wochenschrift,"  1900,  No.il5. 
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many  cases  of  so-called  acute  dilatations  are  in  reality  only  examples 
of  this  condition,  that  is,  an  unusually  large  portion  of  the  heart  coming 
in  contact  with  the  chest-wall.  Error  can  be  avoided  by  testing  the  mo- 
bility of  the  organ. 

In  the  right  lateral  position  the  apex-beat  in  healthy  individuals 
either  remains  unaffected  or  is  displaced  only  a  very  little  to  the  right. 

The  change  from  the  horizontal  to  the  vertical  position  and  vice  vers& 
has  no  appreciable  effect  on  the  apex-beat. 

In  examining  for  adhesions  it  is  sometimes  useful  to  remember  that 
the  apex-beat  is  displaced  upward  during  forced  expiration  and  downward 
during  forced  inspiration. 

)^enever  the  apex  of  the  heart  is  displaced,  providing  the  conditions 
for  the  production  of  an  apex-beat  are  present,  the  latter  is  found  in  an 
abnormal  position.  Hence,  displacement  of  the  apex-beat  is  utilized  in 
the  first  place  for  recognizing  a  dislocation  of  the  heart.  With  this  we 
have  nothing  to  do  here,  because  dislocation  of  the  heart  is  caused  by 
diseases  of  the  lungs,  of  the  pleura,  or  of  the  thoracic  cage. 

If  the  apex-beat  is  displaced  and  the  position  of  the  heart  itself  is 
normal,  it  indicates  a  change  in  the  size  of  the  heart,  especially  of  the 
left  ventricle. 

It  is  true  that  there  is  very  rarely  a  distinctly  noticeable  displacement 
of  the  apex-beat  to  the  right  when  the  heart  is  diminished  in  size;  but 
that  is  because,  imder  normal  conditions,  only  a  small  portion  of  the  left 
ventricle  enters  into  the  formation  of  the  anterior  surface  of  the  heart. 
Hence  it  may  atrophy  to  a  certain  extent  without  necessarily  producing 
any  material  change  in  the  outline  of  the  anterior  surface  of  the  heart, 
more  particularly  as  in  many  of  these  cases  the  right  ventricle  is  enlarged. 
Generally  speaking,  this  point  has  but  little  practical  importance. 

Much  more  commonly  we  see  the  apex-beat  displaced  to  the  left  beyond 
the  nipple-line  in  dilatation  of  the  left  ventricle;  sometimes  it  is  found 
beyond  the  middle  axillary  line,  and  not  infrequently  it  is  displaced 
downward  to  intercostal  spaces  lower  than  the  fifth.  In  the  great  major- 
ity of  cases  the  cause  really  is  a  dilatation  of  the  left  ventricle;  but  oc- 
casionally a  normal  left  ventricle  is  displaced  by  an  enlarged  right  ventri- 
cle, or  the  enlarged  right  ventricle  may  alone  form  the  entire  apex  of  the 
heart  and  extend  towwd  the  left,  so  that  the  small  left  ventricle  practically 
becomes  merely  an  unimportant  appendage  of  the  right.  This  possibility 
must  be  borne  in  mind  in  every  case,  as  it  is  only  by  carefully  weighing 
all  the  conditions  entering  into  the  problem  that  error  can  be  avoided. 

Dislocation  of  the  apex-beat  downward  as  well  as  outward  depends 
partly  on  the  position  of  the  heart  and  partly  on  the  kind  of  enlargement 
that  is  present. 

Not  infrequently  the  pulsation  of  the  heart,  instead  of  bising  seen 
only  at  a  circumscribed  spot,  is  diffuse;  that  is  to  say,  the  apex-beat 
is  broader  than  normal,  and  pulsating  movements  appear  in  other  inter- 
costal spaces  besides  the  fifth.  This  condition  may  be  present  in  the 
absence  of  any  abnormality  of  the  heart  or  its  activity,  as  it  may  be  due 
to  shrinking  and  retraction  of  the  edges  of  the  lung.  It  is  seen  not  infre- 
quently in  disease  of  the  left  upper  lobe,  which  can  be  readily  detected 
by  percussion  and  auscultation,  thus  making  it  possible  to  guard  against 
the  error  of  assuming  that  the  heart  is  abnormal. 

Diffuse  pulsation  in  the  precordial  region  is  also  observed,  however, 
in  many  «ases  of  enlargement  of  the  right  or  of  the  left  ventricle,  from  pure 
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dilatation  or  h3rpertrophy ,  or  a  combination  of  both.  The  phenomenon  de- 
pends partly  upon  retraction  of  the  edges  of  the  lung,  partly  on  a  large  area 
of  contact  between  the  heart  and  chest-wall.  The  fonner  condition  is 
present  in  any  case  of  enlargement  of  the  heart;  the  second  depends  on 
certain  factors  our  knowledge  of  which  is  as  yet  imperfect.  It  is  certain, 
at  least,  that  abnormally  wide-spread  pulsation  is  not  seen  in  all  cases  of 
dilatation  or  h3rpertrophy  of  the  heart.  Up  to  a  certain  point  this  is  not 
difficult  to  imderstand.  Ludwig*  long  ago  showed  that  the  base  and  cross- 
section  of  the  heart  in  diastole  have  an  oval  outline,  which  is  gradually 
transformed  approximately  into  a  circle  during  systole.  In  certain  posi- 
tions of  the  heart,  therefore,  bulging  must  take  place  in  the  intercostal 
spaces;  and  the  more  readily,  of  course,  the  greater  the  displacement  of 
the  lung.  The  occurrence  and  extent  of  the  pulsation,  therefore,  depend 
on  a  variety  of  conditions:  position  of  the  edges  of  the  limg,  position  of 
the  heart,  and  change  in  the  shape  of  the  heart.  A  great  variety  of  differ- 
ent combinations  may  conceivably  be  present  in  individual  cases. 

Whenever  several  pulsations  due  to  the  action  of  the  heart  are  seen 
on  the  left  side  of  the  thorax,  the  one  which  occupies  the  lowest  and  outer- 
most position  is  to  be  regarded  as  the  apex-beat;  hence  in  every  case 
careful  palpation  of  the  precordial  region  is  necessary. 

The  apex-beat  also  affords  accurate  information  in  regard  to  the  char- 
acter of  the  heart  action. 

I  shall  not  here  refer  to  frequency  and  rh3rthm,  although  these  two 
elements  can  also  be  very  readily  determined  by  inspection  and  palpation 
of  the  apex-beat;  but  the  information  obtained  by  auscultation  is  at 
least  equally  reliable;  and,  besides,  these  two  aspects  of  the  cardiac 
activity  will  be  discussed  in  a  separate  portion  of  this  work.  In  many 
cases,  however,  the  strength  of  the  cardiac  contractions,  especially  those 
of  the  left  ventricle,  can  be  directly  determined  by  the  strength  of  the 
apex-beat.  An  idea  of  the  intensity  of  the  ventricular  contractions  is 
obtained  by  general  clinical  deductions,  such  as  the  consequences  of  in- 
creased or  diminished  cardiac  action  that  manifest  themselves  in  various 
oi^ans.  The  strength  of  the  heart  is  also  determined  by  auscultation  of 
the  second  sounds  at  the  base,  a  point  that  will  be  discussed  more  in  detail 
later.  So  far  as  the  left  ventricle  is  concerned,  the  most  important  factors 
undoubtedly  are  the  arterial  pulse  and  the  apex-beat,  which  must,  there- 
fore, be  carefully  studied. 

The  arterial  pulse  in  turn  depends  on  two  factors:  the  condition  of 
the  vessels  and  the  action  of  the  left  ventricle.  As  the  character  of  the 
apex-beat  depends  directly  upon  this  one  factor  of  the  action  of  the  left 
ventricle,  it  is  manifestly  of  the  greatest  importance  in  judging  the 
strength  of  the  heart  as  a  whole.  There  are  certain  factors,  however, 
that  must  be  rigorously  borne  in  mind. 

The  resistance  of  the  apeaybeat,  as  measured  by  the  force  required  to 
obliterate  it,  is  a  direct  and  reliable  sign  of  the  strength  of  the  heart  in  the 
same  individual  at  various  times,  provided  the  position  and  size  of  the 
left  ventricle  have  not  changed. 

It  is  incorrect  to  take  the  force  of  the  apex-beat  as  the  measure  of 
the  strength  of  the  cardiac  contractions  under  all  circumstances,  especially 
without  regard  to  the  two  above-mentioned  conditions.  Such  a  method 
of  reasoning  is  not  permissible  because  it  follows,  from  the  above  explana- 
tion of  the  mode  of  production  of  the  apex-beat,  that  the  position  of  the 

*  Loc,  cit. 
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heart  has  an  important  influence  on  the  strength  of  the  apex-beat,  while 
the  position  of  the  heart  again  to  a  very  large  extent  depends  on  its  size. 
This  point  has  been  repeatedly  and  justly  emphasiased  by  Martins.  When 
the  heart  is  dilated,  the  apex  may,  on  account  of  its  altered  position,  be 
displaced  during  diastole  farther  than  usual  from  its  position  above  the 
center  of  the  base,  and,  consequently,  although  the  contracticxis  of  the 
muscle  may  be  relatively  weaker,  the  apex  may  enter  the  intercostal  space 
with  greater  force  than  in  the  case  of  a  smaller  heart  which  may  contract 
more  vigorously.  One  may  say,  therefore,  that  a  portion  of  the  force  of 
the  card&ac  contraction,  which  varies  with  changes  in  the  position  and 
size  of  the  heart,  manifests  itself  in  the  apex-beat.  Unless  these  two 
elements  remain  unchanged,  it  is  not  justifiable  to  assume  that  aliquot 
parts  of  the  force  of  the  heart  appear  in  the  apex-beat.  When  that  is 
the  case,  the  resistance  of  the  apex-beat  affords  a  direct  means  of  measur- 
ing the  force  of  the  heart. 

Hence,  provided  the  above-mentioned  conditions  are  fulfilled,  we 
have  in  the  resistance  of  the  apex-beat  a  most  valuable  means  of  deter- 
mining the  strength  of  the  left  ventricle  in  the  same  individual  at  different 
times. 

In  a  non-dilated  heart,  even  if  its  normal  conditions  are  not  known, 
a  greatly  resistant  apex-beat  is  practically  a  certain  sign  that  the  strength 
of  the  heart  is  increased. 

When  the  heart  is  dilated,  however,  great  care  is  necessary,  because 
under  such  circimistances  an  abnormally  resistant  apex-beat,  for  reasons 
mentioned  above,  occurs  even  when  the  heart  action  is  weak.  Martins 
Iajs  great  stress  on  this  point.  But  even  in  cases  of  this  kind  the  apex- 
beat,  when  continuously  observed  for  the  purpose  of  noting  its  changes, 
affords  a  most  valuable  means  of  judging  the  strength  of  the  heart. 

When  the  apex-beat  is  examined  for  the  purpose  of  determining  the 
strength  of  the  heart,  an  additional  point  of  some  importance  is  the  esti- 
mation of  the  blood-pressure — the  hardness  of  the  pulse.  The  association 
of  a  resistant  apex-beat  with  a  hard  (high  tension)  pulse  is  a  positive  sign 
that  the  heart  action  is  increased,  and  very  important  in  the  present  con- 
nection, for  we  may  disregard  cases  of  valvular  lesions  causing  increased 
activity  of  the  left  ventricle  without  increase  of  the  blood-pressure,  and 
it  is  rare  to  see  a  left  ventricle  vigorously  propelling  its  contents  into 
abnormally  relaxed  vessels. 

The  question  as  to  when  an  increase  in  the  resistance  of  the  apex-beat 
indicates  merely  increased  heart  action  and  when  it  may  be  taken  as  a 
sign  of  hypertrophy  of  the  muscle  will  be  discussed  in  connection  \^ith 
cardiac  hypertrophy. 

I  must  remind  the  reader  once  more  that  the  above  remarks  apply 
solely  to  the  quality  of  the  resistance  in  the  sense  defined  above.  The 
best  way  to  test  it  is  by  applying  one  or  two  fingers  to  the  site  of  the  apex- 
beat  and  attempting  to  obliterate  it,  at  the  same  time  measuring  the  force 
necessary  to  do  so.  The  method  is  valuable  only  in  the  hands  of  ex- 
perienced observers  and,  on  account  of  its  importance,  necessitates  much 
careful  practice. 

Abnormal  weakness  of  the  heart's  action  is  very  difficult  to  determine 
by  observing  the  apex-beat. 

Such  a  deduction  is  perfectly  justifiable,  however,  if  an  apex-beat 
the  resistance  of  which  is  known  to  the  observer  becomes  softer  without 
any  material  change  in  the  position  or  size  of  the  heart. 
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When,  after  dilatation  of  the  left  ventricle,  the  apex-beat  is  found  to 
be  high  but  abnormally  soft  and  the  general  clinical  picture  justifies  the 
assumption  of  hypertrophy  of  the  left  ventricle,  and  when,  as  appears 
from  the  height  of  the  apex-beat,  the  conditions  for  the  production  of  a 
vigorous  apex-beat  are  present — under  such  conditions  a  diminished 
resistance  may  confidently  be  regarded  as  a  sign  of  weakness  of  the  left 
ventricle,  particularly  if,  at  the  same  time,  the  pulse  is  soft  and  indicates 
a  low  arterial  pressure. 

On  the  other  hand,  it  is  not  justifiable  to  assume  that  the  heart's  action 
is  abnormally  weak  merely  because  no  visible  signs  of  cardiac  activity 
are  present  in  the  chest-wall.  While  the  cause  may  reside  in  diminished 
intensity  of  the  heart  action,  it  may  also  be  that  the  intercostal  spaces  are 
Abnormally  narrow,  that  the  apex  during  diastole  is  considerably  above 
the  center  of  the  base,  that  the  apex  is  hidden  behind  a  rib  or  an  abnor- 
mally thickened  layer  of  lung,  or  is  forced  away  from  the  chest-wall  by 
pericarditic  fluid  and  is  only  on  that  account  unable  to  enter  the  inter- 
costal space.  It  is  needless  to  say  that  edema  or  emphysema  of  the  chest- 
wall  may  have  a  similar  effect. 

The  fieight  of  the  apex-beat,  by  which  is  meant  the  length  of  the  excur- 
sion of  the  apex  as  it  bulges  forward,  should  also  be  observed.  Here  again 
I  may  remind  the  reader  of  the  characteristics  of  the  arterial  pulse  and 
what  we  mean  by  the  terms  "height"  or  **size,"  which  we  carefully  dis- 
tinguish from  "resistance." 

A  high  apex-beat  is  produced  whenever  the  conditions  for  a  marked 
systolic  displacement  of  the  apex  are  present;  that  is  to  say,  when  the 
intercostal  spaces  are  broad  and  the  long  axis  of  the  heart  is  applied  to 
the  left  wall  of  the  thorax  in  such  a  way  that  during  diastole  the  apex  is 
displaced  relatively  far  backward  from  its  systolic  position.  Thus  even 
healthy  persons  may,  owing  to  individual  conditions,  exhibit  an  abnor- 
mally high  apex-beat.  The  phenomenon  is  most  frequently  produced, 
liowever,  when  there  is  dilatation  of  the  ventricles,  especially  of  the  left, 
without  any  change  in  the  usual  direction  of  the  long  axis  of  the  heart, 
because  under  such  conditions  the  backward  movement  of  the  apex 
during  diastole  is  specially  marked  and  the  S3rstolic  excursion  is  accord- 
ingly also  quite  considerable.  Thus,  a  high  apex-beat  is  observed  in 
cases  of  dilatation  of  the  left  ventricle,  and,  as  Martins*  has  quite  correctly 
pointed  out,  the  phenomenon  is  not  by  any  means  a  sign  that  the  left 
ventricle  is  acting  vigorously.  A  high  apex-beat  may  be  associated 
with  weakness  of  the  heart  and  may  then  even  be  extremely  resistant  in 
the  sense  defined  above.  But  not  infrequently  in  cases  of  cardiac  weak- 
ness the  apex-beat,  although  high,  is  soft;  at  all  events  it  is  less  resistant 
in  the  same  individual  than  it  was  before  the  heart  began  to  weaken. 
Systolic  pulsation  of  the  entire  precordia  has  the  same  clinical  significance 
as  a  high  apex -beat,  with  which  it  is  often  associated  along  with  diffuse 
pulsations  in  other  intercostal  spaces.  Concussion  of  the  precordia  may, 
however,  be  present  when  the  apex-beat  is  not  visible  at  all,  that  is,  even 
when  the  lung  covers  a  considerable  portion  of  the  heart.  It  may  be  pro- 
duced by  increased  action  and  hypertrophy  of  the  ventricles,  especially 
of  the  left.  The  phenomenon  is  also  observed  when  the  heart  is  very 
large,  even  if  the  cardiac  contractions  are  feeble.  For  an  explanation  of 
the  phenomenon  we  refer  to  what  has  just  been  said  about  the  "high" 
Apex-beat. 

♦Martius,  "Volkmann's  Vortr&ge,"  N.  F.,  No.  113. 
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Finally,  the  duration  and  shape  of  the  apex-beat  must  be  noted.  The 
information  obtained  by  the  purely  clinical  methods  of  inspection  and 
palpation  is  comparatively  meager;  ior,  while  it  may  be  possible  to  de- 
termine by  ordinary  palpation  whether  change  in  the  shape  and  position 
of  the  heart  has  taken  place  very  rapidly  or  very  slowly,  as,  for  example, 
in  stenosis  of  the  aorta,  finer  details  can  only  be  ascertained  by  means  of 
the  graphic  method.  The  latter  consists  in  a  mechanic  contrivance 
which  follows  the  movements  of  the  apex  with  the  greatest  accuracy 
and  without  being  exaggerated  by  its  own  vibrations,  recording  the 
movements  on  a  revolving  drum  (see  Cardiography). 

When  the  action  of  the  right  ventricle  is  increased,  particularly  by 
hypertrophy,  diffuse  and  more  or  less  vigorous  pulsation  is  frequently 
visible  in  the  third,  fourth,  and  fifth  intercostal  spaces  to  the  left  of  the 
sternum.  These  pulsations  may  be  due  to  the  sj^tolic  change  in  the  out- 
line of  the  cross-section  of  the  heart — that  is,  its  transition  from  an  oval 
to  a  circle.  The  more  vigorously  this  change  is  effected,  the  greater  the 
bulging  of  the  intercostal  spaces,  especially  when  the  anterior  border  of 
the  left  lung  is  at  the  same  time  displaced. 

In  the  highest  portion  of  the  epigastrium  pulsation  is  frequently  ob- 
served, which  must  be  attributed  to  concussion  by  the  right  ventricle. 
It  may  be  present  in  perfectly  normal  individuals,  and  its  production  is 
favored  by  a  low  position  of  the  diaphragm  and  enlargement  of  the  right 
heart.  This  ** epigastric  pulsaiion**  is  not  to  be  confounded  with  pulsating 
movements  also  occurring  in  the  epigastrium,  but  produced  by  the  ab- 
dominal aorta  and  not  directly  due  to  the  action  of  the  heart.  These 
pulsations,  as  a  rule,  are  not  found  above,  at  the  apex  of  the  epigastric 
angle,  but  occupy  a  position  a  few  centimeters  lower  and  usually  a  little 
to  the  left  of  the  median  line.  The  fact  that  in  some  individuals  the 
pulsation  of  the  aorta  is  visible  at  this  point  is  probably  due  to  lordosis 
(forward  bending)  of  the  vertebral  column;  it  is  somewhat  remarkable 
that  the  phenomenon  is  observed  chiefly  in  nervous  individuals,  who 
themselves  feel  the  throbbing  and  are  distressed  by  the  sensation.  It  is 
almost  needless  to  say  that  this  form  of  pulsation  is  greatly  increased  by 
aneurysmal  dilatation  of  the  abdominal  aorta — an  extremely  rare  occur- 
rence— and  by  tumors  overlying  the  vessel.  If  any  difficulty  is  experi- 
enced in  distinguishing  these  aortic  pulsations  from  true  epigastric 
pulsation,  it  must  be  borne  in  mind  that  the  former  are  separated  by  a 
perceptible  interval  of  time  from  the  apex-beat. 

Pulsations  not  dependent  on  the  action  of  the  heart  itself  are  occasion- 
ally observed  in  the  region  of  the  large  arteries,  particularly  in  the  second 
intercostal  space,  to  the  right  or  the  left  of  the  sternum.  Such  pulsations 
are  produced  when  the  trunk  of  the  aorta  or  of  the  pulmonary  artery, 
whether  the  vessel  be  normal  or  in  a  state  of  dilatation,  has  pushed  the 
corresponding  lung  aside  and  throws  parts  of  the  chest-wall  into  vibration, 
either  directly  or  through  the  medium  of  some  solid  body,  such  as  a  tumor 
or  infiltrated  pulmonary  tissue.  Pulsation  to  the  right  of  the  sternum 
is  almost  always  due  to  a  dilated  aorta  or  to  aneur3rsmal  change;  pulsa^ 
tion  to  the  left  of  the  sternum  is  frequently  produced  by  the  pulmonary 
artery.  In  the  latter  case  the  immediate  cause  usually  is  exposure  of 
the  vessel  by  some  process  in  the  left  upper  lobe.  These  pulsations  are, 
of  course,  a  little  later  in  time  than  the  first  heart-sound  or  the  beginning 
of  the  apex-beat,  and  the  difference  in  time  can  sometimes  be  determined; 
frequently,  however,  the  interval  is  so  short  that  it  is  not  appreciable  by 
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the  unaided  senses.  If  the  fingers  are  applied  to  the  upper  intercostal 
spaces  during  the  entire  duration  of  the  cardiac  cycle,  a  shock  is  not  in- 
frequently felt  at  the  beginning  of  ventricular  diastole  and  especially 
over  the  region  of  a  pulsating  pulmonary  artery.  This  vibration  is  due 
to  movements  associated  with  the  closiure  of  the  semilunar  valves — **one 
feels  the  closure  of  the  valves."  This  is  particularly  the  case  in  the  pres- 
ence of  conditions  increasing  the  pressure  in  the  pulmonary  artery  and 
thus  intensifying  the  closure  of  the  semilunar  valves. 

In  not  a  few  cases  of  heart  disease  there  is  a  palpable  thrill  in  the  pre- 
cordial region,  and  important  conclusions  may  be  drawn  from  its  char- 
acter and  the  time  of  its  appearance.  But  as  the  significance  of  these 
things  is  almost  exclusively  confined  to  valvular  lesions  and  pericarditis, 
the  reader  is  referred  to  the  respective  sections  in  this  work. 

Cardiography.* — In  a  great  nimniber  of  normal  individuals  the  move- 
ment of  the  heart  as  shown  by  the  apex-beat  is  susceptible  of  direct 
observation.  The  information  which  the  physician  can  gain  by  examining 
the  apex-beat  without  the  aid  of  special  instruments  has  been  discussed. 
Early  in  the  history  of  the  development  of  the  graphic  method  an  attempt 
was  made  to  study,  by  means  of  a  recording  instrument,  the  character 
of  the  movement  of  the  heart  as  manifested  at  the  bul^ng  point  in  the 
intercostal  space.  It  was  hoped  that  in  this  way  a  more  minute  knowledge 
of  the  action  of  the  normal  and  of  the  diseased  heart  could  be  obtained. 

The  cardiographic  curve  is  the  product  of  a  number  of  factors:  changes 
of  pressure  within  the  cavities  of  the  heart,  changes  in  the  form  and  posi- 
tion of  the  surface  of  the  organ,  and  movements  of  the  lungs  and  of  the 
chest-wall.  It  is  seen,  therefore,  that  a  number  of  independent  factors 
take  part  in  this  production. 

As  we  have  seen,  the  apex-beat  is  produced  during  the  change  that 
takes  place  in  the  shape  of  the  ventricles  during  systole.  For  reasons 
explained  on  page  428  the  apex  of  the  heart,  or  a  part  of  the  right  ventricle 
near  the  apex,  is  forced  into  the  intercostal  space.  But  there  is  no 
guarantee  that  identical  portions  of  the  surface  of  the  heart  enter  the 
intercostal  space  in  exactly  the  same  way  in  different  individuals;  and 
the  uniformity  certainly  ceases  when  the  size  or  position  of  the  heart 
undergoes  a  change.  Now  it  has  been  found  that  the  movement  varies 
in  different  portions  of  the  surface  even  of  the  same  heart;  that  is  to  say, 
the  different  portions  yield  different  cardiogramsf  even  when  the  curve  is 
taken  directly,  without  the  intervention  of  the  chest-wall.  In  addition, 
the  force  with  which  the  corresponding  portion  of  the  surface  of  the  heart 
is  forced  into  the  intercostal  space  varies  greatly  in  different  individuals; 
for  it  has  been  shown  that  that  portion  of  the  force  of  the  heart  which 
appears  in  the  apex-beat  is  not  the  same  in  different  individuals  and 
under  different  circumstances.  There  are  also  great  variations  in  the 
rigidity  of  the  soft  parts  connecting  the  ribs,  changes  in  their  elasticity 
due  to  respiration,  and,  finally,  variations  in  the  movement  of  the  lung 
over  the  heart.  In  short,  a  number  of  factors  tend  to  diminish  somewhat 
the  value  of  a  cardiographic  investigation  of  the  more  minute  peculiar- 
ities of  the  movements  of  the  heart. 

Another  point  is  important:  the  forces  that  are  called  into  action 
during  the  bulging  of  the  intercostal  space  are  often  quite  considerable, 
and  the  apparatus  used  for  recording  the  movements  must,  therefore, 

*  For  the  literature  see  the  end  of  the  article, 
t  V.  Frey,  "Die  Untersuchung  des  Pulses." 
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be  designed  to  record  the  most  rapid  and  extensive  changes  in  form  with 
absolute  faithfulness.  This  point  has  not  received  sufficient  attention 
in  most  recording  contrivances,  which  accoimts  in  part  for  the  numerous 
differences  in  the  apex-beat  curves  found  in  the  literature.  The  recording 
instruments  fail  to  give  a  faithful  reproduction  of  the  changes  in  the  shape 
of  the  chest-wall  because  the  tracing  is  aflfected  by  oscillations  of  the  in- 
strument itself  due  to  inertia.  This  is  clearly  shown  in  Hiirthle's*  expo- 
sition of  the  subject. 

However,  this  accounts  for  only  part  of  the  differences,t  and  they  can 
be  avoided  by  the  prudent  use  of  suitable  apparatus.  The  differences 
in  the  cardiograms  obtained  from  dififerent  individuals  are  in  part  due  to 
the  action  of  the  many  factors  that  influence  the  movements  of  the  chest- 
wall  and  which  were  enumerated  above.  In  other  words,  even  with  the 
best  recording  apparatus  the  curve  obtained  in  healthy  individuals  is 
not  uniform;  it  does  not  present  a  normal  type.  This,  so  far  as  I  can  see, 
may  be  stated  positively,  as  it  not  only  tallies  with  numerous  statements 
found  in  the  literature,!  but  also  coincides  with  numerous  experiments 
of  my  own.  In  1887  I  recorded  numerous  cardiograms  of  individuals 
in  health  and  in  disease,  and  on  the  advice  of  my  friend,  M.  v.  Frey,  used 
a  double-armed  lever,§  which  had  been  carefully  tested  with  reference 
to  its  power  of  recording  the  movements  of  a  given  point.  I  could  not 
discover  any  definite  t3rpe  of  curve  for  the  apex-beat.  As  in  the  use  of 
curves  the  form  is  the  most  important  feature,  this  absence  of  a  distinct 
type  is  a  great  disadvantage  of  cardiograms  and  renders  their  interpre- 
tation difficult.  In  fact,  v.  Frey  and  myself  discarded  the  curves  at  the 
time  because  we  could  not  draw  any  conclusions  from  them.  The  diffi- 
culty is  equally  as  great  in  pathologic  as  in  normal  conditions;  a  definite 
anomaly  in  the  cardiac  activity  does  not  produce  a  definite  t)^  of  curve. 
These  few  words  show  the  state  of  the  question. 

Nor,  in  my  opinion,  is  anything  gained  by,  at  the  same  time,  recording 
certain  definite  factors  in  the  heart's  action  which  can  be  positively  deter- 
mined; it  has  no  effect  on  the  shape  of  the  curves,  and  certainly  does  not 
obviate  the  difficulty  that  the  shape  of  the  curve  depends  on  several 
different  and  indeterminable  factors. 

Thus,  the  carotid  pulse  may  be  recorded  at  the  same  time  for  this 
purpose.  If  this  is  done,  the  moment  when  the  aortic  valves  open  can 
be  found,  since  the  velocity  of  the  arterial  pulse  is  determinable.  Or  the 
time  of  the  first  and  of  the  second  heart-sound  may  be  recorded,  which 
gives  the  beginning  of  ventricular  contraction  and  the  time  of  closure 
of  the  semilunar  valves.  These  data  are  obtained  by  auscultation  and 
registration  of  the  heart-sounds — a  method  employed  by  Bonders,  Marey, 
and  Landois,  and  chiefly  elaborated  by  Martins.  ||  The  latter  also  dis- 
cusses the  theoretic  questions  involved.  The  operator  makes  his  records 
in  time  with  the  sounds  as  he  hears  them  and  not  after  he  has  received 
the  auditory  impression;  this  is  an  important  fact  and  represents  both 
the  strength  and  the  weakness  of  the  method,  because  the  irregularities 
in  the  action  of  the  heart  so  frequently  present  even  in  healthy  individuals 
render  delicate  measurements  less  reliable  than  would  be  the  case  if  the 

♦  Htirthle,  "Pfltiger's  Archiv,"  vol.  liii. 

t  The  mechanic  requisites  for  such  an  instrument  are  accurately  known  (see  the 
works  of  V.  Frey  and  Htirthle). 

%  See,  for  example,  v.  Frey,  Hilbert,  Hochhaus,  Martins,  A.  Schmidt. 
S  Cf,  V.  Frey,  "Die  Untersuchun^  des  Pulses." 
Il  "Zeitschrift  fttr  klinische  Medicin,"  vol.  xv. 
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recording  represented  merely  a  reaction  to  the  auditory  impression. 
Hiirthle,*  Einthoven  and  Gelukf  succeeded  in  recording  the  heart-sounds 
by  mechanic  means. 

The  technic  of  the  procedure  employed  by  the  three  last-mentioned 
authors  is  complicated,  but  by  its  aid  the  time  relations  of  the  heart- 
sounds  can  be  determined  with  absolute  accuracy.  It  is  my  opinion  that 
even  Martius'  procedure  affords  perfectly  adequate  data  for  the  decision 
of  a  number  of  questions.  But  I  hardly  think  that  the  recording  of  cer- 
tain phases  of  the  cardiac  cycle  is  destined  in  the  near  future  to  increase 
our  ability  to  interpret  the  individual  features  of  the  cardiogram;  for 
I  see  little  prospect  of  this  until  we  learn  to  recognize  and  control  the 
conditions  which  determine  the  shape  of  the  curve.  On  the  other  hand, 
it  is  not  unreasonable  to  hope  that  the  careful  and  circumspect  employ- 
ment of  methods  for  analyzing  the  purely  temporal  relations  of  the  cardiac 
cycle  may  yield  data  of  some  importance,  and  I  believe  the  method  of 
Martins  is  quite  adequate  in  a  great  many  respects  because  the  sources 
of  error  are  not  so  great  as  to  render  the  determination  of  intervals  of 
time  valueless. 
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PERCUSSION  OF  THE  HEART. 

The  indirect  method  is  now  exclusively  used  for  the  percussion  of  the 
heart.  Whether  digital  percussion  alone,  or  apleximeter,  either  with  the 
finger  or  with  a  plexor  for  a  hammer,  is  used,  the  result  will  probably  be 
the  same  in  most  cases.  Custom  and  practice  unquestionably  decide  the 
choice  of  method  in  the  individual  case.     Personally,  I  prefer  to  use  a 


Fio.  79. — ^The  outlines  of  the  lungs  and  pleura  on  the  anterior  surface  of  the  chest-wall,  after 
Merkel,  "  Handbuch  der  topographischen  Anatomie,"  ii,  Fig.  122. 


light  hammer  and  thin  pleximeter  for  the  accurate  determination  of  the 
pulmonary  and  cardiac  outlines,  rather  than  digital  percussion.  Every 
physician,  however,  must,  above  all,  be  able  to  examine  without  any 
instruments  whatever  in  order  not  to  become  the  slave  of  his  instru- 
ments. As  the  terminology  of  percussion  nowadays  is  very  much  domi- 
nated by  the  personal  equation,  it  is  incumbent  upon  an  author,  if  he 
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wishes  to  be  understood,  to  indicate  what   significance  he  wishes  to 
have  attached  to  the  expressions  he  uses.     Personally,   I  follow  the 


Tia,  80. — Relations  of  the  heart  and  its  divisions  to  the  anterior  surface  of  the  thorax,  after 
Merkel,  *'  Handbuch  der  toposraphischen  Anatomie,"  ii.  Fig.  95  (diagrammatic). 

time-honored   expressions   used   by  Skoda,*    and    somewhat   modified 
by  Weil  in  his  excellent  text-book.f    The  pulmonary  note  is  described 

♦Weil,  "Handbuch  und  Atlas  der  topographischen  Percussion,"  Leipzig,  1880. 
See  the  excellent  treatise  on  the  subject  by  Matterstock  in  the  "Wtirzburg  Fest- 
schrift," Leipzig,  1882,  vol.  ii,  p.  247.  Biemacki,  "  Zur  Revision  einiger  Capitel 
der  phvsikalischen  Diagnostik,"  "Volkmann's  Vortr&ge,"  N.  F.,  No.  154,  155. 

f  SKoda,  "Abhandlung  ttber  Percussion  und  Auscultation,"  fifth  edition, 
Vienna,  1854. 
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as  resonant  and  the  sound  obtained  over  airless  (solid)  organs  dull  or 
flat;  a  decrease  in  the  resonance  of  the  percussion-note  is  described  as 
"relatively  dull." 

Percussion  is  used  to  determine  the  position  and  size  of  the  heart  and 
of  its  separate  parts.  Both  hearing  and  touch  are  utilized  in  arriving  at  a 
conclusion. 

The  outlines  of  the  heart  can  be  determined  to  the  right,  above,  and  to  the  left 
by  means  of  percussion  because  at  these  points  the  resonance  of  the  air-containing 
lung  contrasts  with  the  dulness  of  the  heart.  Below,  where  the  heart  is  bounded 
by  the  solid  liver,  the  outline  can.  of  course,  not  be  determined  by  percussion. 

The  size  of  the  heart  can  be  aetermined  by  means  of  percussion  only  when  the 
lung  contains  air;  the  cardiac  dulness  cannot  be  differentiated  by  means  of  percussion 
from  areas  of  infiltration  in  the  lungs  or  from  a  pleural  efifusion. 

If  the  above-mentioned  conditions  are  fulfilled,  the  size  of  the  heart  may 
be  determined  by  means  of  percussion  in  one  of  two  ways:  either  by  de- 
termining the  entire  (largest)  outline  of  the  heart  projected  on  the  anterior 
chest-wall,  or  by  determining  the  size  of  a  portion  of  the  heart  which  pos- 
sesses certain  definite  characteristics  and  deducing  from  the  changes  in 
this  portion  of  the  heart  the  changes  that  are  present  in  the  entire  heart 
or  in  certain  other  portions. 

Whatever  method  be  adopted,  only  the  size  of  that  portion  of  the  heart 
which  is  turned  toward  the  anterior  chest-wall  can  be  determined;  for 
the  entire  posterior  surface  of  the  organ  is  inaccessible  to  examination  on 
accoimt  of  the  overlying  thick  layers  of  pulmonary  tissue  and  the  verte- 
bral column. 

The  right  auricle,  right  ventricle,  and  a  narrow  strip  of  the  left  ventri- 
cle take  part  in  the  formation  of  the  anterior  surface  of  the  heart.  The  ac- 
companying illustration  (Fig.  80),  which  we  have  borrowed  from  Merkel's 
excellent  "Handbuch  der  topographischen  Anatomie"  (Braunschweig, 
1896) ,  shows  that  the  right  ventricle  forms  by  far  the  greatest  portion  of  the 
anterior  surface  of  the  heart  and  alone  comes  in  inmiediate  contact  with  the 
chest-wall,  every  other  portion  of  the  anterior  surface  being  covered  by 
lung.  There  is  no  need  to  describe  in  detail  the  course  of  the  anterior 
boi5ers  of  the  lung  above  the  heart,  because  they  are  so  distinctly  shown 
in  the  illustration.  The  left  lower  border  of  the  lung,  at  the  point  where 
it  changes  its  vertical  course  and  is  deflected  outward  behind  the  sternum, 
is  subject  to  marked  individual  variations  even  in  middle-aged  persons; 
for  the  deflection  may  evidently  take  place  behind  the  lower  border  of  the 
fourth  rib  or  directly  above  the  fifth  rib.  As  the  illustration  also  shows, 
the  course  of  the  pleural  borders  permits  a  considerable  degree  of  varia- 
tion in  the  boundaries  of  the  lungs. 

By  means  of  percussion  we  firat  try  to  determine  how  large  an  extent 
of  the  heart's  surface  is  in  direct  contact  with  the  chest-wall,  and,  secondly, 
the  condition  of  the  thickness  of  the  lung  edges  that  cover  a  large  portion 
of  the  organ.  In  this  way  two  outlines  are  obtained:  the  so-c^led  abso- 
lute (small)  and  relative  (large)  cardiac  dulness,  and  from  a  change  of  the 
outline  as  a  whole  or  only  in  any  one  direction  we  deduce  the  existence 
of  changes  in  the  size  of  the  entire  heart  or  of  individual  portions  of  the 
organ. 

In  determining  the  absolute  cardiac  dulness  our  object  is  to  outline 
that  portion  of  the  heart  which  is  in  direct  contact  with  the  chest-wall. 
Almost  the  whole  of  this  area  can  be  determined — all,  in  fact,  but  the 
small  portion  which  is  covered  by  the  sternum;  for  the  bone  acts  approxi- 
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mately  like  a  pleximeter,  at  least  when  the  subjacent  organs  have  theur 
normal  configuration — that  is  to  say,  the  bone  vibrates  as  a  whole  and, 
therefore,  yields  a  note  like  that  obtained  over  the  organs  which  occupy 
the  greater  portion  of  its  posterior  surface,  in  other  words,  the  lungs. 
Hence,  in  a  normal  individual  of  middle  age  one  would  expect  to  find  the 
right  border  of  the  "  absolute  cardiac  dulness  "  at  the  left  edge  of  the  ster- 
num, the  upper  border  at  the  fourth  or  fifth  rib,  and  the  left  approximately 
in  the  left  parasternal  line  or  a  little  outside  of  it.  The  outer  boundary 
will  alwajrs  be  more  ot  less  variable,  because  the  anterior  edge  of  the  lingula 
is  often  so  extraordinarily  thin  that  it  can  only  be  foimd  with  very  light 
percussion  and  then  not  always  with  absolute  certainty. 

In  advanced  age,  when  the  edges  of  the  limg  have  expanded,  the  outline 
of  this  cardiac  dulness  diminishes  above  and  on  the  left  side,  and  in  children 
up  to  ten  years  of  age — and  not  infrequently  even  longer — the  dulness  is 
larger  for  reasons  that  are  well  known;  it  often  begins  at  the  third  rib  and 
extends  to  the  left  as  far  as  the  nipple-line.* 

In  this  discussion  the  customary,  well-known  vertical  lines,  and,  in  the  horizontal 
direction,  the  ribs,  are  utilized  for  purposes  of  orientation  on  the  anterior  surface 
of  the  thorax.  Individual  peculiarities  of  these  structured  must,  however,  he 
carefully  borne  in  mind,  and  if  this  is  done,  I  believe  the  results  are  perfectly  satis- 
factory for  all  practical  purposes. 

Others  prefer  to  give  absolute  measurements.  Thus  Rie8s,t  for  example, 
determines  tne  distance  in  centimeters  of  the  boundary  of  the  relative  cardiac  aul- 
ness  from  the  median  line  in  each  intercostal  space.  Although  the  figures  obtained 
in  200  normal  individuals  show  a  very  close  agreement.  I  cannot  see  that  any  great 
advantage  is  gained  in  this  way  over  the  former  method. 

Bearing  in  mind  the  above-mentioned  details,  if  the  chest  is  lightly 
percussed  and  the  points  where  the  typical,  resonant  pulmonary  note  dis- 
appears completely  are  determined,  the  boundaries  of  the  lungs  as  deter- 
mined by  this  method  of  examination  are  found  to  coincide  with  the  anar 
tomic  boundaries  except  at  the  above-mentioned  point  (where  the  sternum 
covers  the  heart). 

Both  directions  must  be  strictly  followed  if  the  boundaries  of  the  absolute 
dulness  are  to  be  found  correctly;  and  two  observers,  if  they  will  pursue  the  same 
method,  will  obtain  identically  the  same  boundaries.  It  is  not  a  matter  of  ''opinion" 
or  of  ''taste''  or  of  "practice"  where  the  boundaries  of  the  absolute  dulness  are  to 
be  placed;  for  the  principles  which  underlie  their  determination  are  perfectly  clear 
and  rational.  If  these  principles  are  disregarded,  mistakes  will  be  made.  Percus- 
sion must  be  linear  and  very  light,  because  the  edges  of  the  lungs  at  the  boundaiy 
of  the  heart  are  extremely  thin.  (For  a  detailed  exposition  of  tne  reasons  for  this 
see  any  good  text-book  on  methods  of  examination,  as,  for  example,  Vierordt, 
Sahli,  Gerhardt,  WeU.) 

It  is  also  important  to  note  attentively  where  the  pulmonary  note  ceases  alto- 
gether; for  these  points  are,  in  the  case  under  discussion,  identical  with  the  boun- 
daries of  that  portion  of  the  heart  which  is  not  covered  by  the  edges  of  the  lung. 
It  is  wrong  to  wait  until  the  sound  is  absolutely  dull,  because,  owing  to  the  proxim- 
ity of  the  heart  to  the  stomach  and  intestines,  the  cardiac  note  very  frequently 
is  not  absolutely  dull,  but  merely  dull  with  a  tympanic  element.  It  is  never  resonant, 
however;  hence,  if  the  principles  just  laid  dowii  are  strictly  observed,  the  result 
will  always  be  uniform  and  positive.  The  conditions,  therefore,  are  perfectly  dear; 
but  we  admit  that  the  term  "absolute  cardiac  dulness,"  which  has  oeen  generallv 
adopts,  is  by  no  means  a  happy  one^  for  reasons  which  we  have  just  explained; 
and  manv  of  the  numerous  other  designations,  as,  for  example,  "small"  (lesser) 
cardiac  dulness  would  be  very  much  better  because  they  would  not  be  so  apt  to 
give  rise  to  misunderstanding. 

♦See  Sahli,  "Die  Percussion  im  Kindesalter,"  v.  Starck,  "Archiv  fflr  Kinder- 
heilkunde,"  ix,  p.  241. 

t  Riess,  "Zcitschrift  fQr  klinische  Medicin,"  xiv,  p.  1. 
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It  is  evident  that  retraction  of  the  edges  of  the  lung,  the  result  of  pro- 
cesses leading  to  contraction  of  the  organ,  and  a  more  extensive  apposition 
of  the  heart  to  the  chest-wall  when  the  diaphragm  is  high,  must  cause  an 
enlargement  of  this  cardiac  dulness.  But  in  either  case  the  true  cause  cannot 
escape  recognition  if  all  the  factors  in  the  case  are  duly  taken  into  account. 

As  the  edges  of  the  lungs  change  their  position  with  respiration  and 
certain  changes  in  the  position  of  the  body,  the  same  factors  must  influence 
the  absolute  cardiac  dulness;  it  is  smaller  during  inspiration  and  larger 
during  expiration,  is  increased  in  the  left  lateral  position  and  when  the 
trunk  is  moved  forward,  and  diminishes  when  the  individual  lies  on  the 
right  side;  in  the  latter  position  a  small  absolute  cardiac  dulness  may 
make  its  appearance  to  the  right  of  the  sternum.  Suitable  combinations 
of  these  factors  may  lead  to  considerable  variations  in  the  size  of  the  dul- 
ness. We  purposely  give  no  absolute  figures  for  the  extent  of  these 
changes  in  the  dulness  because  individual  fluctuations  are  very  great. 

In  some  cases  these  phenomena  due  to  passive  movement  can  be  util- 
ized in  making  the  diagnosis.  Thus,  as  Gumprecht*  has  pointed  out,  an 
enlargement  of  the  left  heart  in  emphysema  of  the  lungs  can  often  be  de- 
termined from  tha  increase  in  the  width  of  the  absolute  cardiac  dulness 
when  the  body  is  bent  over  forward. 

In  what  way  may  we  now  infer  changes  in  the  size  of  the  heart  from 
variations  in  the  outline  of  the  absolute  dulness?  Generally  speaking, 
the  answer  is:  when  one  of  the  ventricles  enlarges  it  pushes  the  edges 
of  the  lungs,  which  are  normally  movable,  aside,  a  larger  portion  of  the 
heart  comes  in  contact  with  the  chest-wall,  and  the  absolute  dulness  is, 
therefore,  enlarged.  The  necessary  condition,  therefore,  is  that  the  edges 
of  the  lungs  be  perfectly  normal;  retraction  of  the  lungs  may  simulate 
an  enlargement  of  the  heart-wall;  distention  (emphysema),  on  the  other 
hand,  may  conceal  the  fact  that  the  heart  is  enlarged.  Another  condition 
is  that  the  position  of  the  heart  be  normal.  For,  if  the  organ  as  a  whole 
is  pushed  upward,  as  so  frequently  happens  when  the  diaphragm  is  high, 
a  larger  portion  comes  in  contact  with  the  chest-wall,  even  though  the 
heart  itself  be  not  enlarged,  and  the  absolute  dulness  becomes  broader. 

In  the  case  of  the  left  ventricle  the  conditions  are  perfectly  clear.  If 
the  ventricle  is  greatly  enlarged,  there  will  be,  in  the  great  majority  of 
cases,  in  addition  to  the  outward  and  downward  displacement  of  the  apex- 
beat  which  was  mentioned  earlier  in  this  discussion,  an  increase  of  the 
absolute  dulness  which  will  extend  almost  or  quite  to  the  apex-beat. 

On  the  other  hand,  the  converse  of  this,  namely,  that  an  increase  in  the 
width  of  the  absolute  dulness  to  the  left  is  always  caused  by  an  enlarge- 
ment of  the  left  ventricle,  does  not  hold.  Although  it  is  true,  without 
exception,  in  cases  of  great  enlargement,  it  is  far  from  being  strictly  true 
when  the  enlargement  is  slight;  for  a  slight  increase  in  width  may  dso  be 
due  to  an  enlargement  of  the  right  ventricle,  as  under  such  conditions  the 
left  ventricle  is  slightly  displaced  to  the  left  by  the  right  ventricle. 

This  is  not  likely  to  cause  any  difficulty  in  diagnosis  because,  when  an 
increase  in  the  width  of  the  absolute  cardiac  dulness  to  the  left  is  due  to 
dilatation  of  the  right  ventricle,  the  dulness  is,  at  the  same  time,  increased 
to  the  right  also.  It  is  true  that  the  increase  in  the  dulness  does  not  neces- 
sarily show  itself  in  the  enlargement  of  the  absolute  cardiac  dulness,  and 
this  is  one  of  the  most  cogent  reasons  that  induces  me  always  to  determine 
both  forms  of  cardiac  dulness.  For,  if  the  anterior  edge  of  the  right  lung 
*  Gumprecht,  "Archiv  far  klinische  Medicin,"  Ivi,  p.  490. 
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is  displaced  to  the  right,  the  displacement  first  occurs  underneath  the 
sternum.  In  that  case  the  resonant  note  over  the  lower  portion  of  the 
bone  is  weakened  so  that  relative  dulness  is  obtained  at  that  point.  Abso- 
lute dulness  of  cardiac  origin,  extending  to  the  right  of  the  right  edge  of 
the  sternum,  is  only  produced  when  the  enlargement  of  the  right  ventricle 
is  very  great  or  the  right  auricle  is  also  enlarged. 

An  increase  of  the  absolute  dulness  to  the  left  is  frequently  associated 
with  a  similar  increase  upward  toward  the  clavicle.  This  probably  de- 
pends chiefly  on  the  position  of  the  organ.  The  absolute  cardiac  dulness 
may  also  be  increased  by  an  effusion  in  the  pericardium;  in  such  a  case 
the  boundaries  are  usually  displaced  in  both  directions  in  proportion  to  the 
increase  in  the  size  of  the  exudate,  producing  the  familiar  triangular  out- 
line of  dulness.  The  distinction  from  enlargement  of  the  dulness  due 
to  dilatation  can  be  made  only  by  taking  all  the  symptoms  into  siccount, 
and  even  then  the  question  presents  great  difliculties.  It  is  not  our  pro- 
vince toienter  more  fully  into  this  question. 

So  far  we  have  spoken  only  of  enlargement  of  the  heart.  Is  the  in- 
crease in  the  wddth  of  the  dulness  caused  by  dilatation  or  by  hypertrophy 
of  the  chambers?  Dilatation  is  unquestionably  the  determining  factor; 
for  hypertrophy  in  itself  affects  the  size  of  the  chambers  so  Uttle,  espe- 
cially as  regards  their  surface  projection,  that  the  difference  can  hardly 
be  recognized  by  such  a  comparatively  crude  method  as  percussion.  Hy- 
pertrophy must  be  determined  by  other  signs,  such  as  the  apex-beat,  the 
strength  of  the  second  heart-sounds,  and  the  pulse. 

Let  us  add  a  few  practical  observations.  It  is  best  to  begin  bv  determining 
the  upper  border  of  the  absolute  dulness;  the  chest  is  percussed  gently  from  above 
downward,  beginning  just  outside  of  the  left  edge  of  the  sternum,  and  the  point 
where  pulmonary  resonance  disappears  altogether  is  noted.  Percussion  is  then 
begun  at  the  pomt  where  the  absolute  dulness  was  found  along  the  left  border  of 
the  sternum  and  carried  first  to  the  left  and  then  to  the  right;  or  in  the  opposite 
direction,  from  without  inward.  Which  of  these  two  methods  is  adopted  is  cniefly 
a  matter  of  habit.  Either  way  correct  results  are  obtained  provided  the  examiner 
fiimly  adheres  to  the  principles  given  above.  He  must  always  be  on  his  guard, 
however,  not  to  look  for  the  absolute  cardiac  dulness  higher  than  he  may  expect 
to  find  it.  This  error  may  be  avoided  by  percussing  from  right  to  left  along  the 
lower  border  of  the  right  lung.  ' 

Diminviion  in  the  size  of  the  absolute  cardiac  dulness  does  not  indicate 
a  diminution  in  the  size  of  the  heart  as  a  whole  or  of  its  parts;  for,  if  the 
heart  is  diminished  in  size,  it  merely  does  not  extend  so  far  underneath 
the  edges  of  the  lungs  as  under  normal  conditions.  On  the  contrary,  the 
principal  cause  of  diminution  in  the  size  of  the  dulness  is  an  extension  of 
the  edges  of  the  lungs,  that  is  to  say,  emphysema  or  volumen  auctum. 

In  pneimiopericardium  the  absolute  dulness  disappears;  we  shall  not 
discuss  the  subject  at  greater  length  because  the  condition  is  treated  else- 
where m  this  work. 

When  the  chest  is  percussed  forcibly  in  the  direction  from  the  lungs 
toward  the  heart,  a  change  is  observed  in  the  sound  long  before  the  boun- 
dary of  the  lung  has  been  reached;  the  note  becomes  less  resonant  or  rela- 
tively dull  (relative  cardiac  dulness).  The  point  where  this  change 
becomes  distinct  depends  in  part  on  the  thickness  of  the  edge  of  the  lung 
and  in  part  on  the  force  used  in  percussion.  The  first  factor  is  the  deter- 
mining one  in  a  given  case;  the  second,  it  is  true,  is  variable,  and  that  is 
the  reason  why  two  equally  competent  and  equally  experienced  exam- 
iners do  not  necessarily  find  the  boundaries  of  this  dulness  at  the  same 
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point.  For  this  reason  the  difficulties  are  great,  both  for  the  learner  and 
for  the  teacher. 

Nevertheless,  these  limitations  should  never  prevent  us  from  deter- 
mining the  relative  cardiac  dulness.  For,  if  the  examination  is  properly 
made,  the  possible  fluctuations  in  the  results  amount  to  only  a  few  milli- 
meters— a  negligible  quantity  in  the  ultimate  value  of  the  result.  On  the 
other  hand,  a  great  deal  is  gained  by  finding  the  relative  dulness,  not  so 
much  for  the  purpose  of  detecting  an  enlargement  of  the  left  ventricle, — 
we  have  other  aids  for  that  purpose,  such  as  the  position  of  the  apex-beat 
and  the  absolute  dulness, — ^but  because  an  enlargement  of  the  right  heart 
practically  cannot  be  determined  without  finding  the  relative  cardiac  dul- 
ness. 

Just  as  the  enlarged  heart  pushes  the  soft  yielding  edges  of  the  limg 
aside,  so  it  diminishes  their  thickness  by  compressing  them  against  the 
chest-wall.  The  combined  effect  of  these  two  factors  is  to  push  the  boun- 
daries of  the  relative  heart  dulness  away  from  the  heart  toward  the  limgs. 
And  this  is  a  valuable  diagnostic  point  in  connection  with  the  right  heart 
because,  as  has  already  been  pointed  out,  enlargements  of  the  right  ven- 
tricle can  rarely  be  recognized  by  other  methods,  particularly  by  deter- 
mining the  absolute  dulness. 

In  a  healthy  adult  the  upper  border  of  the  relative  dulness  is  found 
somewhere  between  the  third  and  fourth  ribs,  the  left  at  the  level  of  the 
apex-beat,  the  right  either  at  the  right  border  of  the  sternum  or — and  I 
almost  believe  usually  in  perfectly  healthy  individuals — about  1  cm.  to 
the  right  of  the  right  edge  of  the  sternum.  The  right  border  is  given  dif- 
ferently by  different  authors  and,  indeed,  it  varies  in  individual  cases.  In 
some  individuals  the  note  elicited  over  the  lower  portion  of  the  sternum 
is  distinctly  less  resonant  than  that  over  the  upper  portion;  in  others  the 
difference  is  slight,  and  in  some  the  sound  is  ever3rwhere  the  same.  Hence 
a  relative  dulness  over  the  lower  half  of  the  sternum  is  probably  pathologic 
in  some  cases,  but  for  obvious  reasons  the  sign  cannot  be  utilized.  In  old 
persons  with  emphyigema  of  the  pulmonary  edges  the  relative  dulness  is 
smaller,  and  in  children  up  to  the  tenth  year  or  even  older  it  is  larger  than 
normal.  In  children  the  dulness  regularly  extends  a  finger-breadth  to  the 
right  of  the  right  border  of  the  sternum,  attains  the  position  of  the  apex- 
beat,  and  often  begins  at  the  second  rib. 

When  the  right  heart  is  enlarged,  however,  the  anterior  border  of  the 
right  limg  is  displaced  to  the  right  and  then  a  more  extensive  and  more 
intense  relative  dulness  is  very  frequently  found  to  the  right  of  the  ster- 
num. Thus  an  increase  in  the  size  of  the  relative  dulness  to  the  right 
most  frequently  indicates  enlargement  of  the  right  heart.  But  here  again 
the  conditions  are  not  entirely  in  accord  with  theoretic  rules;  for  cases  are 
not  infrequently  encountered  in  which  a  much  enlarged  left  ventricle 
displaces  the  right  heart  to  the  right  and  thereby  causes  an  enlargement 
of  the  relative  cardiac  dulness  in  that  direction. 

To  determine  the  limits  of  relative  dulness  deep  percussion  is  required,  begin- 
ning over  the  lungs  and  approaching  the  heart  in  various  directions,  and  marking 
the  points  where  the  first  change  from  the  pulmonary,  note  is  heard.  As  in  findine 
the  absolute  dulness,  it  is  best  to  begin  along  the  left  border  of  the  sternum  ana 
then  proceed  from  right  to  left  along  the  lower  border  of  the  lung.  The  term  "deep " 
percussion  in  this  connection  must  be  taken  relatively  in  comparison  to  the  de^^ree 
of  force  used  in  finding  the  absolute  dulness,  which  requires  the  lightest  possible 
percussion.  One  should  never  use  sufficient  force  to  make  the  procedure  painful 
to  the  patient. 
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Utilizing  the  Sense  of  Resistance.— In  determining  the  absolute 
and  relative  cardiac  dulness  we  base  our  judgment  chiefly  on  the  auditory 
impressions  received;  but  every  expert  examiner  will,  at  the  same  time, 
take  account  of  pressure  and  tactile  sensations,  as  they  constitute  an 
integral  factor  in  the  make-up  of  his  opinion.  That  is  why  the  impressions 
gained  by  one's  own  percussion  are  much  more  distinct  than  those  ob- 
tained merely  by  listening  to  another. 

Ebstein  has  elaborated  the  determination  of  the  sense  of  resistance  into 
a  speciai  method  of  examinaiion. 

Before  him  various  attempts  had  been  made  to  find  the  true  outline 
of  the  heart  by  means  of  the  sense  of  resistance;  Piorry,  and  from  time  to 
time  Traube,  laid  great  stress  on  the  sense  of  resistance.  But  Ebstein 
was  the  first  to  evolve  an  actual  method  from  these  first  efforts.*  He 
percusses  either  with  the  finger  or  a  hammer  and  glass  pleximeter.  When 
a  hammer  is  used,  the  index-finger  of  the  right  hand  may  be  kept  on  the 
head  of  the  hammer.  Light  percussion  should  be  employed  and  the  exam- 
iner should  concentrate  his  attention  on  the  sense  of  resistance  as  he  per- 
cusses from  the  nipple-lines  toward  the  median  line  on  both  sides,  and 
from  above  down  toward  the  precordial  region.  The  point  where  increased 
resistance  is  felt  indicates  the  boundary.  With  this  method  the  outline 
obtained  in  a  healthy  adult  male,  either  in  the  dorsal  or  in  the  erect  posi- 
tion, extends  about  two  to  three  centimeters  to  the  right  of  the  right  edge 
of  the  sternum.  To  the  left  the  boundary  in  women  extends,  on  the  aver- 
age, 7.3  centimeters  beyond  the  left  edge  of  the  sternum,  while  in  men  it  is 
safest  to  assiune  that  it  never  extends  beyond  the  left  nipple-line  and  very 
often  the  left  boundary  lies  just  within  the  nipple-line.  Instead  of  giving 
the  distance  of  the  borders  of  the  resistant  area  from  the  edges  of  the  ster- 
num, the  measurements  may  be  given  from  the  median  line;  if  this  be  done, 
one-half  the  width  of  the  sternum  must  be  subtracted  to  make  the  figures 
tally  with  those  given  for  the  other  method. 

Ebstein  maintains  that  he  has  proved,  by  numerous  experiments  on  the 
cadaver,  that  he  has  learned  by  practice  to  determine  the  true  outlines 
of  the  heart  by  means  of  his  method  to  within  one-half  a  centimeter.  I 
have  satisfied  myself  that  the  method  is  easy  to  learn  and  to  teach,  and 
unquestionably  deserves  to  be  recognized  and  employed  more  than  it  has 
been  so  far. 

[In  "Die  Tastpercussion,"  Stuttgart,  1901,  Ebstein  has  given  an 
account  of  the  method  and  its  application  to  the  diagnosis  of  various  or- 
gans. He  practises  direct  as  well  as  mediate  palpatory  percussion,  in 
the  latter  emplojdng  a  rubber-tipped  thimble  of  his  own  invention  instead 
of  a  hammer.  Those  who  have  not  thoroughly  tried  palpatory  percussion 
can  gain  much  by  the  perusal  of  Ebstein's  articles. — ^Ed.] 

Critical  Review  of  the  Methods  Described. — ^Ebstein  claims  that, 
by  means  of  his  procedure,  the  size  of  the  heart  can  be  directly  determined. 
Large  deposits  of  fat  and  edema  unquestionably  render  its  application 
difficult;  emphysema  of  the  lungs  interferes  but  little,  and  I  agree  with 
Ebstein  that  one  who  has  thoroughly  mastered  the  technic  can  gain  very 

♦Ebstein,  "Berliner  klinische  Wochenschrift,"  1876,  No.  35,  and  1894,  No. 
26  and  27.  LUning,  "Dissertation,"  Gfittingen,  1876.  Schlafke,  "Dissertation," 
GOttingen,  1877.  Homkohl,  "Dissertation,"  Gdttingen,  1887.  Busse,  "Disser- 
tation,^* G6ttingen,  1888.  Ebstein,  "Archiv  fttr  klinische  Medicin,"  pp.  275,  392. 
Burgtorf,  "Dissertation,"  GOttingen,  1897.  Hafke,  "Dissertation,^'  GOttingen, 
1892. 
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accurate  information  by  its  means,  at  least  in  determining  the  size  of  the 
heart. 

However,  the  same  claim  may  be  put  forward  in  favor  of  the  method 
of  examination  by  which  the  absolute  and  relative  cardiac  dulness  are 
obtained.  This  method  also  meets  with  difficulty  in  various  anomalies 
of  the  chest-wall  (accumulation  of  fat,  edema,  deformities)  and  of  the 
lungs  (emphysema,  contraction  of  the  left  upper  lobe).  Aside  from  these 
conditions,  however, — and  even  when  they  are  present,  a  careful  weighing 
of  all  the  factors  in  the  problem,  as  a  rule,  leads  to  a  correct  conclusion, — 
it  is,  nevertheless,  possible,  by  determining  the  absolute  and  the  relative 
cardiac  dulness,  to  gain  a  very  correct  idea  of  the  size  of  the  heart  and  its 
several  parts.  The  value  of  this  method  is  not  diminished  by  the  fact  that 
one  only  determines  the  size  of  portions  of  the  heart;  for  I  am  firmly  con- 
vinced that  it  is  possible  to  draw  accurate  conclusions  in  regard  to  varia- 
tions in  the  size  of  the  heart  as  a  whole  and  of  each  individual  ventricle 
from  the  information  thus  gained.  The  values  are  not  absolute,  but  an 
approximate  estimate  is  obtained  which,  in  actual  practice,  is  perfectly 
adequate  in  the  majority  of  cases. 

In  speaking  of  the  relative  dulness  reference  was  miade  to  the  sub- 
jective character  of  the  boundaries  obtained;  but  even  this  limitation 
does  not,  in  my  opinion,  detract  from  the  value  of  the  method  in  deter- 
mining the  size  of  the  heart.  This  is  clearly  proved  by  the  great  differ- 
ences in  the  method  employed  by  excellent  investigators  and  diagnosti- 
cians in  determining  the  boundaries  of  the  heart.  Many  of  the  keenest 
observers  have  their  own,  so  to  speak,  personal  way  of  percussing  the  heart, 
and  these  individual  differences  in  technic  result  in  the  production  of  mixed 
forms  of  cardiac  dulness  gained  partly  according  to  the  rules  for  deter- 
mining the  absolute,  and  partly  according  to  those  for  finding  the  relative, 
dulness.  Again,  the  observers  base  their  judgment  partly  on  tactile  and 
partly  on  auditory  impressions  and  I  am  sure  the  examiner  himself  is  not 
quite  clear  to  what  extent  one  or  the  other  of  these  factors  enters  into  the 
result.  No  other  examiner  would  find  a  heart  dulness  of  identically  the 
same  shape,  nor  could  the  first  examiner  teach  his  method  of  determining 
it  to  any  one  else  because  he  does  not  proceed  according  to  clearly  defined 
principles,  and  yet  his  judgment  in  regard  to  the  size  of  the  heart  may  be 
eminently  correct.  The  modem  disciple  calls  this  "  artistic  intuition." 
Our  own  more  sober  opinion  is  that,  by  adhering  to  a  method  which  is 
definite  so  far  as  he  himself  is  concerned,  and  is,  therefore,  uniform,  a  keen 
observer  capable  of  correlating  all  the  different  phenomena  is  enabled  to 
deduce  from  his  subjective  conception  of  the  size  of  a  certain  portion  of  the 
heart,  which,  however,  is  based  on  a  uniform  technic,  the  variations  in  the 
size  of  the  entire  organ  and  of  each  individual  ventricle. 

I  do  not  wish  to  be  misunderstood:  I  am  the  last  one  to  advocate  ar- 
bitrary methods  in  percussing  the  heart.  On  the  contrary,  I  am  stronjgly  in 
favor  of  a  strict  observance  of  the  rules  discussed  above.  By  adhering  to 
these  rules  it  is  possible  to  obtain  uniform  judgments  which  can  be  clearly 
demonstrated  and  can  be  imparted  to  others;  and  I  wish  German  in- 
ternists would  unite  in  the  interest  of  medical  instruction  on  the 
method  and  terminology  to  be  employed  in  determining  the  size  of  the 
heart.  [This  pious  wish  might  well  be  extended  to  include  all  national- 
ities.— Ed.] 

It  appears,  therefore,  that  it  is  not  possible,  by  determining  the  abso- 
lute and  the  relative  cardiac  dulness,  to  find  an  absolute  measurement  of 
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the  size  of  the  heart:  nevertheless,  the  methods  afford  information  which 
in  most  cases,  suflBces  for  the  needs  of  the  physician  as  to  whether  the 
heart  or  its  individual  portions  are  enlarged  or  not,  and  whether  the  enlarge- 
ment is  to  be  regarded  as  a  slight,  a  moderate,  or  a  great  enlargement. 
This,  as  a  rule,  suffices  for  the  physician;  and  the  final  verdict  in  regard 
to  the  utility  of  the  method  must  depend  on  whether  it  accomplishes  the 
purpose  which  it  is  intended  to  accomplish.  So  far  as  I  can  see,  this  pur- 
pose is  accomplished  by  determining  the  absolute  and  relative  cardiac 
dulness,  and  the  reason  why,  in  my  opinion,  Ebstein's  excellent  method 
has  not  been  more  extensively  adopted  is  that  the  older  procedure  approx- 
imately satisfies  the  physician's  needs.  All  the  same,  an  easy  and  abso- 
lutely certain  method  of  determining  the  actual  size  of  the  heart,  and 
unanimity  on  the  part  of  teachers  in  regard  to  the  methods  to  be  employed, 
would  constitute  a  real  advance. 

Unless  I  am  mistaken,  the  use  of  the  Rontgen  rays  to  examine  the 
size  of  the  heart  in  the  living  subject  is  really  destined  to  enlarge  our 
knowledge.    Already  experiments  of  considerable  value  are  available.* 

In  my  opinion  these  experiments  have  led  to  the  most  interesting  re- 
sults. I  need  only  refer  to  the  illustrations  in  the  beautiful  and  careful 
work  of  Moritz.  The  small  size  of  the  projection  outline  of  the  heart  in  the 
living  subject  fills  one  with  astonishment.  The  true  shape  of  the  heart 
in  these  illustrations  really  corresponds  quite  closely  with  the  outline 
obtained  by  Ebstein's  method,,  and  with  the  outlines  of  the  relative  cardiac 
dulness  as  I  frequently  find  them  in  healthy  individuals.  After  seeing 
Moritz's  beautiful  work  on  this  subject,  which  I  received  after  finishing 
this  section,  I  was  confirmed  in  the  hope  that,  by  means  of  pal- 
patory percussion  of  the  relative  dulness  as  indicated  by  Ebstein,  we 
shall  find  out,  at  least  approximately,  if  not  accurately,  the  true 
size  of  the  heart,  and,  as  a  result,  a  unity  of  method  in  regard  to  this 
subject,  so  important  and  diflBcult  for  all  clinical  teachers,  will  be 
achieved. 

[Since  the  above  was  written  a  great  deal  has  been  added  to  our 
knowledge  on  the  subject,  the  details  of  which  must  be  sought  in  works 
on  diagnosis  and  x-rays.  It  may  be  said  here  that  both  fluoroscopy  and 
roentgenography  are  valuable  aids  to  the  study  of  the  heart,  but  do  not 
replace  or  lessen  the  importance  of  the  physical  methods  of  exploration, 
and  in  many  cases  they  do  not  add  to  what  may  be  learned  by  inspection, 
palpation,  percussion,  and  auscultation.  In  some  obscure  cases  x-rays 
reveal  enlargement  or  forms  of  enlargement  not  made  out  by  other  meth- 
ods, but,  owing  to  the  possibility  of  distorting  the  heart  shadow,  such 
changes  can  oiJy  be  accurately  demonstrated  by  operators  with  special 
experience,  and  usually  only  with  the  aid  of  a  diaphragm  and  skiagraph. 
Orthodiagraphy,  however,  has  two  important  sources  of  error:  one,  tech- 
nical difficulties  not  yet  cleared  up  by  operators;  the  other,  more  serious, 
leading  to  the  belief  that  the  absolute  size  of  the  heart  is  to  be  sought.  We 
know  that  this  is  less  important  than  an  approximate  knowledge,  such 
as  can  be  gained  by  older  methods,  and  the  ability  to  discover  changes 
from  day  to  day.  x-Rays  can  rarely  be  used  for  this  essential  purpose. 
The  fluoroscope  is  valuable  in  enabling  one  to  recognize  abnormal  pulsa- 
tions, such  as  dissociation  of  the  auricles  and  ventricles,  or  of  the  two  sides. 
—Ed.] 

♦Compare  v.  Criegern.  "Congress  fiir  innere  Medicin,"  1899,  p.  298.  Moritz, 
"Manchener  medicinische  Wochenschrift,"  1900,  No.  29. 
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AUSCULTATION. 

Auscultation  of  the  Heart. — ^Indirect  auscultation  b^  means  of  the  stetho- 
scope is  generally  emploved.  It  has  the  advantage  over  immediate  auscultation 
witn  the  ear  that  it  enables  the  examiner  to  listen  to  a  smaller,  more  circumscribed 
area  on  the  chest-wall.  It  is,  however,  desirable  that  eveiy  physician  should  be 
able  to  form  at  least  a  general  opinion  in  regard  to  the  quality  of  the  heart-sounds 
from  what  he  learns  by  direct  auscultation,  so  that  on  important  occasions  he  may 
not  be  quite  helpless  without  his  instruments. 

The  kind  of  stethoscope  used  appears  to  me  quite  immaterial.  As  a  rule,  every 
man  hears  best  with  his  own  stethoscope,  however  it  may  be  constructed,  because 
he  is  used  to  it.  Binaural  stethoscopes  and  phonendoscopes,  according  to  my  ex- 
perience, are  of  no  direct  advantage  to  a  physician  with  normal  hearing,  although 
those  who  are  hard  of  hearing  will  find  them  very  useful. 

In  every  case  the  stethoscope  must  at  first  be  lightly  applied,  because  heart 
patients  are  particularly  sensitive  to  pressure  on  the  chest. 

The  auscultation  may  be  performed  while  the  patient  is  seated  or  lying  down. 
It  is  often  advisable  to  make  the  examination  in  both  positions  because  the  results 
are  frequently  different  in  each,  and  it  mav  be  useful  to  combine  the  two  results 
in  arrivmg  at  a  diagnosis.  Not  infrequently  it  is  well  to  have  the  patients  make 
a  few  muscular  movements  before  proceedmg  with  auscultation  if  they  are  in  a 
condition  to  do  so.  In  cases  of  heart  weakness  a  very  guarded  opinion  should  be 
given.  In  all  complicated  cases  is  it  advisable  not  to  give  a  final  diagnosis  until 
the  patient  has  been  examined  repeatedly. 

In  order  to  interpret  the  auscultatory  phenomena  in  the  heart  and  assign  their 
true  diagnostic  value,  it  is  necessarpr  to  determine  their  time  relation  to  the  con- 
traction and  relaxation  of  the  ventricles.  When  the  heart  rhythm  is  normal,  this 
presents  no  difficulties,  because  the  time  occupied  by  diastole  is  longer  than  that  of 
systole.  If  merely  listening  to  the  rhythm  is  not  enough,  the  apex-beat  is  felt  for; 
or  if  that  is  impossible,  the  carotid  pulse.  The  apex4}eat  and  the  carotid  pulse 
almost  exactly  coincide  with  ventricular  contraction. 

By  means  of  aiiscxiltation  we  ascertain  the  conditions  of  individual 
portions  of  the  heart,  especially  of  the  valves,  but,  as  will  appear,  of  the 
action  of  many  of  the  muscular  parts  also.  In  addition  the  method  gives 
us  an  excellent  idea  of  the  rhythm,  for  the  human  ear  is  very  well  adapted 
to  the  perception  of  differences  in  time. 

Two  sounds  are  heard  over  the  heart — one  at  the  beginning  of  the  con- 
traction of  the  ventricle  and  the  other  at  the  beginning  of  its  relaxation. 
If  we  go  back  to  the  source  of  the  sounds,  we  must  speak  of  four;  for 
during  systole  a  sound  is  produced  in  the  right  and  another  in  the  left 
ventricle.  The  important  element  in  their  production  is,  in  the  first  place, 
the  systolic  tension  and  pull  of  the  muscular  fibers.*  The  sound-waves 
thus  produced  unite  with  those  which  emanate  from  the  S3r8tolic  tension 
of  the  auriculoventricular  valves.f  It  is  this  valvular  element  that  gives 
to  the  true  muscle  sound  the  tone  which  we  actually  hear. 

It  is  stated  in  many  books  that  a  sound  is  also  produced  in  the  initial 
portion  of  the  large  arteries  caused  by  the  tension  of  the  walls.  This 
phenomenon  is  assuredly  raref  and,  in  general,  any  sound  heard  on  the 
chest-wall  is  to  be  referred  to  the  heart. 

The  second  sound  is  due  to  the  tension  of  the  semilunar  valves  in  the 
large  vessels  at  the  beginning  of  diastole. 

Probably  no  one  doubts  these  facts  at  the  present  time,  and  I  shall 

♦Williams,  "Diseases  of  the  Chest,"  Germ,  edition,  1835,  S.  171.  Contains 
almost  all  the  facts.  Ludwig  and  Dogiel,  "Berichte  der  S&chsischen  Oesellschaft 
der  Wissenschaften,  Mathematisch-naturwissenschaftliche  Classe,"  20  (1868),  S.  89. 
Krehl,  "Du  Bois'  Archiv,"  1889,  p.  253. 

t  Bayer,  "Archiv  der  Heilkunde,"  x,  pp.  1  and  270.     Ibid.,  xi,  p.  157. 

t  Compare  Frey,  "Die  Untersuchung  des  Pulses,"  Berlin,  1892,  S.  6.  See, 
also,  Geigel,  "Virchow's  Archiv,"  cxl,  p.  385.  Ibid.,  "Mlinchener  medicinische 
Wochens^ift,"  1896,  No.  15. 
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not  go  into  a  detailed  discussion  of  their  causes,  as  it  would  lead  me  too 
far  afield. 

The  auricles  also  give  forth  a  sound  during  the  contraction  of  their 
muscles,*  but  this  sound  at  once  merges  with  the  systolic  sound  of  the 
ventricles  and  cannot,  therefore,  be  distinguished  from  the  ventricular 
systole  when  the  rhythm  of  the  heart  is  regular. 

In  the  case  of  systole,  as  well  as  diastole,  the  two  sounds  are  produced 
simultaneously,  or  at  least  within  such  brief  intervals  of  one  another  that 
the  ear  receives  but  a  single  auditory  impression;  hence  we  only  hear 
two  sounds  in  the  heart.  Of  these,  the  first  or  systolic  is  always  lower  in 
pitch,  more  dull,  and  materially  longer  in  duration  than  the  second  or 
diastolic;  the  latter  is  often  heard  loudest  at  the  base,  the  former  at  the 
apex  and  the  lower  portion  of  the  sternum. 

When  auscultation  is  disturbed  by  the  presence  of  sounds  emanating  from  the 
respiratory  apparatus,  the  patient  is  asked  to  stop  breathing  after  deep  expiration. 
It  must,  of  course,  be  borne  in  mind  that  heart  patients  are  apt  to  be  dyspneic  and, 
therefore,  frequently  find  it  difficult  to  stop  breathing. 

It  follows  from  the  way  in  which  the  heart-sounds  are  produced  that 
any  variations  of  time  in  the  contractions  of  the  heart  or  its  individual 
portions  must  also  affect  the  rh3rthm  of  the  heart-sounds;  this  point  will 
be  taken  up  again  in  a  special  section  on  Abnormalities  of  Rh3rthm. 

Quality  (timbre)  and  intensity  of  the  heart-sounds  exhibit  extraor- 
dinary variations  in  different  individuals  in  health;  the  first  ventricular 
sound  especially  is  very  variable  in  character,  even  under  entirely  normal 
conditions.  It  is  only  by  long  practice  that  the  normal  can  be  distin- 
guished from  the  pathologic.  The  strength  of  the  sounds  depends,  in  the 
first  place,  on  the  thickness  of  the  integumentary  tissues;  it  is  obvious 
that  a  heavy  layer  of  fat  or  edema  of  the  chest-wall,  as  well  as  pulmonary 
emphysema,  may  considerably  diminish  the  audibility  of  the  sounds,  and 
that,  on  the  other  hand,  the  intensity  is  increased  whenever  the  chest-wall 
is  very  thin  or  the  large  vessels  lie  very  near  the  surface.  Thus,  when  the 
pulmonary  border  is  retracted  on  one  side,  or  when  the  large  arteries  are 
dilated  and  in  close  contact  with  the  chest-wall,  the  two  heart-soimds  are 
specially  loud  and  distinct  over  the  position  of  the  corresponding  vessel. 

The  strength  of  the  first  sound  is  increased  by  rapid  contraction  of  the 
ventricles;  the  second,  chiefly  by  high  blood-pressure  in  the  vessels,  which 
increases  the  difference  between  the  pressure  in  the  aorta  and  in  the  ven- 
tricular cavity.  Both  sounds  are  weakened  and  may  be  very  greatly 
weakened  when  the  ventricular  contraction  is  inadequate  and  the  arterial 
tension  therefore  falls — ^that  is,  chiefly  in  cardiac  weakness.  The  state- 
ment is  very  frequently  encountered  that  a  loud  first  sound  at  the  apex, 
as  a  rule,  accompanies  vigorous  contraction  of  the  heart  and  is,  there- 
fore, found  chiefly  in  cases  of  h)rpertrophy.  This  statement  is  probably 
based  on  the  association  of  a  vigorous  systole  with  a  loud  tone.  Careful 
observation,  however,  in  many  cases  shows  rather  the  opposite,  as  Wil- 
liams has  pointed  out.  In  hypertrophied  hearts,  when  the  ventricular 
contraction  is  vigorous,  the  first  sound  is  often  distinctly  weak  or  impure, 
a  phenomenon  that  is  well  known  to  be  present  in  cases  of  aortic  insuffi- 
ciency. From  all  that  we  know,  h)T)ertrophied  hearts  contract  slowly, 
and  it  is  probable  that  loudness  of  the  ventricular  sound  depends  on  the 
rapidity  with  which  systole  is  effected  and  the  tension  of  the  muscular 

*  Krehl,  loc,  cit, 
29 
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fibers,  which  probably  explains  the  loud  first  sound  in  mitral  stenosis 
and  in  many  nervous  individuals. 

In  disease  the  loudness  and  quxdiiy  of  the  sounds  are  also  subject  to 
wide  variations^  which  is  a  point  that  must  be  carefully  taken  into  accoimt. 
I  shall  purposely  refrain  from  explaining  our  reasons  for  referring  aus- 
cultatory phenomena  heard  over  definite  regions  of  the  surface  of  the 
chest  to  certain  definite  portions  of  the  heart,  because  the  subject  has  been 
discussed  at  length  in  connection  with  valvular  disease. 

Modificati4ms  of  the  second  sound.  In  most  healthy  individuals  the 
semilunar  valve  sound  heard  at  the  sternal  extremity  of  the  second 
right  and  left  intercostal  spaces  is  uniform  and  equal  in  quality;  at  least 
the  two  sounds,  as  a  rule,  appear  to  be  equally  loud  to  the  unaided  ear. 

H.  Vierordt  compared  the  two  sounds  by  diminishing  their  intensity  and  found  * 
that  the  sound  on  the  left  side  was  louder  than  that  on  the  rieht,  and  it  is  also  stated 
that  the  second  aortic  sound  has  a  different  quality  from  tnat  of  the  pulmonary. t 

As  the  blood-pressure  and  the  difference  between  the  pressure  in  the  artery 
and  in  the  ventricle  are  much  greater  in  the  aortic  than  in  the  pulmonary  artery, 
one  would  expect,  in  accordance  with  the  principles  of  physics,  to  find  the  second 
aortic  sound  louder  than  the  pulmonary.  Actually,  this  is  not  the  case,  however, 
and  the  reason  whv  the  two  sounds  are  alike  is  not  at  all  clear.  In  my  opinion, 
however,  it  is  haroly  possible  to  attempt  anything  like  a  thorough  discussion  of 
this  problem.  For,  in  order  to  investigate  the  physics  of  the  (}uestion,  the  sounds 
would  have  to  be  auscultated  and  compared  under  absolutely  identical  conditions. 
But  I  know  of  no  such  method  of  examination,  and,  owing  to  the  close  proximity 
of  the  two  orifices,  one  would  have  to  overcome  the  difficulty  of  separating  the 
auscultatory  phenomena  produced  in  one  vessel  from  those  produced  in  the  other. 
[Thayer  bv  the  auscultation  of  the  exposed  do^s  heart,  found  a  striking  difference 
between  the  sounds  over  the  aortic  and  pulmonic  rines.  ''The  second  sound  at  the 
aortic  orifice  is  of  very  much  greater  intensity  than  that  at  the  pulmonic  ring,  of  a 
more  ringing  and  musical  quality,  while  the  second  sound  over  tne  pulmonic  valves 
has  a  deader,  more  wooden  character. ''{ 

According  to  investigations  conducted  by  Cabot,  "the  relative  intensity  of  the 
two  sounds  in  the  aortic  and  pulmonic  arteries  depcoids  primarilv  upon  the  age  of 
the  individual,  the  pulmonic  sound  predominating  in  youth  ana  the  aortic  in  old 
age  while  in  the  penod  of  middle  life  there  is  relatively  little  discrepancy  between 

the  two Pathologic  accentuation  of  the  pulmonic  souna  must  mean  a 

greater  loudness  of  the  sound  than  should  be  expected  at  the  age  of  the  patient, 
and  not  simply  a  greater  intensity  than  that  of  the  aortic  second  sound/'  and  con- 
versely. § — Kj>!\ 

We  physicians  describe  as  the  second  pulmonary  sound  that  which  we  hear 
during  caraiac  diastole  to  the  left  of  the  sternum,  and  as  the  aortic  sound  the  one 
we  hear  to  the  right  of  the  sternum  in  the  second  intercostal  space.  Wlien  we  speak 
of  changes  in  the  loudness  of  these  sounds,  such  a  statement  is  perfectly  justinable 
and  is  of  value  for  the  clinical  diagnosis.  This,  however,  does  not  prove  that  the 
sound  produced  at  the  aortic  or  pulmonary  orifice  respectively  actually  does  undergo 
such  a  modification.  We  are  not,  as  yet,  in  a  position  to  discuss  the  theonr  of  these 
things,  and  what  we  say  here  refers  solely  to  practical  matters  for  medical  use. 

In  disease  the  sound  of  the  second  semilunar  valve  is  often  consider- 
ably louder  on  one  side  than  on  the  other;  to  adopt  the  usual  termin- 
ology, the  second  aortic  or  pulmonary  sound  is  accentuated. 

AccentiuUion  of  the  second  jyulmonary  sound  is  the  classic  sign  of  in- 
creased tension  in  the  pulmonary  artery,  and  this  statement  is  fully  jus- 
tified. 

For  the  present,  however,  we  are  quite  unable  to  offer  any  explanation  of  this 
remarkable  uict.  For,  no  matter  how  much  the  pressure  in  tne  pulmonary  artery 
may  be  increased,  it  is  certainly  considerably  less  than  in  the  aorta,  and  the  difference 

*H.  Vierordt:    *'Die  Messung  der  Intensitfit  der  HerztCne,"  Ttibineen,  1885. 
t  Heitler,  "Die  Localisation  des  zweiten  Aorten>and  Pulmonaltones,'' "Wiener 
klinische  Wochenschrift/'  1894,  No.  50. 

XLoc.cii,  §  "Physical  Diagnosis,"  1905,  p.  176. 
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in  pressure  between  artery  and  ventricle  is  also  much  less  on  the  pulmonic  than  on 
the  aortic  side  of  the  heart.  Hence  the  second  pulmonary  sound  ought,  under  all 
circumstances,  to  remain  weaker  than  the  aortic  sound.  One  simple  and  obvious 
solution  of  the  riddle  is  that  when  the  pressure  in  the  pulmonary  artery  is  increased, 
the  trunk  of  the  vessel  displaces  the  lungs  and  lies  close  to  the  chest- wall,  and  that 
the  sound  to  the  left  of  the  sternum  is,  therefore,  louder  on  account  of  the  greater 
proximity  of  the  vessel.  The  objections  to  this  explanation,  in  my  opinion,  are  that 
the  first  sound  in  the  second  intercostal  space  on  the  left  side  is  by  no  means  accen- 
tuated at  the  same  time,  and  the  fact  that  the  second  varies  directly  with  the  inten- 
sity of  the  blood-pressure. 

So  far  as  I  can  see,  therefore,  we  cannot  as  yet  hope  to  find  an  explanation  for 
this  curious  fact. 

It  is  probable  that  we  would  have  made  more  progress  in  our  knowledge  of  the 
chan^  in  the  heart-sounds,  their  production  and  their  significance,  if  we  had  at 
our  disposal  more  accurate  reports  of  examinations  so  as  to  furnish  a  solid  founda- 
tion for  a  strict  analysis  of  the  data  collected.  Mere  auscultation  and  relative  com- 
parison of  heart-sounds  without  mensuration  and  based  solely  on  memory  and  so- 
called  experience  are  not  the  methods  that  will  lead  to  progress.  H.  Vierordt  has* 
given  us  a  noble  example;    let  us  hope  that  others  will  follow  in  his  footsteps. 

Accerdv/dion  of  the  second  aortic  sound  is  found  in  cases  of  increased 
blood-pressure  in  the  aorta,  especially  in  acute  and  chronic  nephritis  and 
in  many  cases  of  arteriosclerosis.  As  in  chronic  nephritis  the  pressiire 
is  often  increased  in  both  the  lai^e  arteries  and  both  ventricles  hyper- 
trophy, the  second  sound  in  such  cases  is,  as  a  matter  of  fact,  frequently 
accentuated  on  both  sides. 

The  quality  of  the  second  heart-sound  is  also  quite  variable  in  disease* 
It  loses  its  indefinite,  noise-like  character  and  becomes  more  like  a  pure 
tone;  to  adopt  the  customary  terminology,  it  becomes  more  "ringing" — 
the  pitch  is  easier  to  determine.  This  phenomenon,  in  my  opinion,  is 
found  more  frequently  in  changes  in  the  vessel-wall,  especially  in  the 
aorta,  that  is,  chiefly  in  arteriosclerosis  and  diseases  of  the  kidneys  associ- 
ated with  vascular  changes.  This  change  in  the  quality  of  the  sound 
does  not  appear  to  me  to  be  influenced  by  the  absolute  height  of  the 
blood-pressure,  although  in  actual  practice  one  often  meets  a  combination 
of  a  ringing  and  accentuated  second  aortic  sound;  for  arteriosclerosis  not 
infrequently  leads  to  heightened  arterial  tension.  It  follows,  therefore, 
that  one  should  exercise  great  caution  in  deducing  an  increase  of  arterial 
tension  from  a  change  in  the  second  aortic  sound.  A  ringing  sound  from 
sclerosis  of  the  aorta  may  quite  easily  simulate  an  accentuation.  { 

Weakening  of  the  second  heart-sound,  as  has  been  mentioned,  is  due  to 
lowering  of  the  arterial  tension,  and  may  be  unilateral.  The  conditions 
due  to  diseases  in  the  semilunar  valves  will  not  be  discussed  here  for 
reasons  that  have  already  been  given. 

Splitting  or  reduplication  of  the  second  sound^  is  quite  frequently  ob- 
served in  healthy  individuals,  but  is  then  only  a  temporary  phenomenon, 
heard  at  the  height  of  inspiration.  The  phenomenon  is  undoubtedly 
due  to  a  temporary  abnormal  difference  in  the  tension  of  the  aortic  and 

*  H.  Vierordt,  "Die  Messung  der  Intensitat  der  Herztone,"  Ttibingen,  1885. 

t  Compare  Bucquoy  and  Msurfan,  "Revue  de  m^ecine,"  1888,  p.  857. 

i  Compare  Schmaltz,  "Archiv  fur  klinische  Medicin."  xlvi,  p.  79. 

§Dehio,  "Petersburger  medicinische  Wochenschrilt,"  1891,  No.  32.  Land- 
graf.  "Deutsche  militarartzliche  Zeitschrift,"  1895,  p.  1.  Neukirch,  "Zeitschrift 
fQr  klinische  Medicin,"  ii.  p.  313.  Petrezzani,  "Sperimentale,''  1887;  ref.  "Cen- 
tralblatt  fttr  klinische  Medicin/'  1888,  p.  611. 

[Consult  also  Henry  Sewall,  "The  Clinical  Significance  of  Reduplication  of  the 
Heart-sounds,"  "American  Journal  of  the  Medical  Sciences,"  June  and  July,  1898; 
and  "On  the  ainical  Relations  of  the  Papillary  Muscles  of  the  Heart,"  "The  Phila- 
delphia Monthly  Medical  Journal,"  September,  1899.— Ed.] 


452  DISEASES  OF  THE  MYOCARDIUM, 

pulmonary  valves,  and  apparently  it  is  the  second  sound  that,  as  a  rule, 
corresponds  to  the  pulmonary  artery.  The  phenomenon  would,  therefore, 
point  to  delayed  contraction  of  the  right  ventricle.  The  sign  is  not 
infrequently  seen  when  pressure  conditions  in  the  large  vessels  are  altered. 
It  has  no  diagnostic  significance.  The  conditions  that  exist  in  mitral 
stenosis  will  not  be  discussed. 

The  first  heart-sound  is  accentuated  when  the  contraction  of  the  ventri- 
cles is  rapid,  as  was  mentioned  in  the  beginning,  and  especially  in  some 
forms  of  mitral  stenosis.*  The  sound  is  weakenisd  whenever  the  cardiac 
contractions  are  weak;  it  may  disappear  altogether,  as  has  been  observed 
in  typhus  and  typhoid  fever.  Curiously  enough,  however,  the  soimd 
■sometimes  presents  the  same  characteristics  in  cases  of  dilatation  and 
hypertrophy  of  the  left  ventricle  even  when  the  contractions  are  vigorous, 
as,  for  example,  in  simple  hypertrophy  or  in  insufficiency  of  the  aortic 
valve,  even  when  compensation  is  good.  For  the  present  the  explanation 
of  this  phenomenon  seems  to  us  impossible.  The  attempts  found  in  the 
literature  are  absolutely  imsatisfactory.  The  theories  which  assume 
a  slight  increase  in  the  systolic  tension  at  the  atrioventricular  valves — on 
the  ground  that  their  tension  is  already  increased  at  the  end  of  diastole 
on  account  of  the  overfUing  of  the  ventricles — are  based  on  incorrect 
premises  in  regard  to  the  pressure  conditions  in  the  cavities  of  the  heart, 
and  do  not  take  sufficient  account  of  the  significance  of  the  muscular 
component  of  the  first  sound. 

That  it  is  due  partly  to  delayed  contraction  of  the  ventricular  muscu- 
lature seems  to  me  quite  possible.  The  fact  demontrated  by  Bayerf 
that  diseased  valves  are  not  resonant  is  probably  not  without  significance 
in  a  good  many  cases. 

Reduplicatian  of  the  first  heart-sound,  like  the  similar  phenomenon 
in  the  second,  is  not  infreauently  observed  in  healthy  individuals,  and 
is  then  temporary  and  heard  only  during  certain  phases  of  the  respiration. 
It  is  also  observed  in  heart  patients,  and  is  probably  attributable  in  every 
instance  to  differences  in  the  contraction  time  of  tibe  two  ventricles,  but 
we  are  still  far  from  having  any  precise  knowledge  of  the  true  causes. 

Systolic  murmurs  frequently,  but  by  no  means  always,  cover  up  the 
first  sound,  but  as  to  the  way  in  which  this  occurs,  and  how  constantly 
it  is  present,  we  are  still  very  much  in  the  dark. 

Sometimes  the  rhythm  of  the  heart-sounds  becomes  so  altered  that 
the  pauses  between  the  two  are  equal.  The  first  and  second  sound, 
under  such  circumstances,  cannot  be  distinguished  by  loudness  or  quality, 
and  the  heart's  action  is  always  accelerated.!  This  condition,  which 
was  observed§  by  Stokes  in  typhus  fever,  and  studied  chiefly  by  Huchard, 
who  gave  it  the  name  of  embryocardia,  is  found  chiefly  in  infectious 
diseases,  such  as  typhoid  fever,  typhus  fever,  and  scarlet  fever;  but  it 
is  also  observed  in  many  chronic  diseases  of  the  heart  muscle.  It  is  un- 
doubtedly a  sign  of  cardiac  weakness.  The  distinguished  French  clinician 
goes  so  far  as  to  say  that  the  prognosis  is  quite  unfavorable  whenever 
this  pendulum  rhythm  is  heard  for  any  length  of  time.  I  would  not 
venture  to  indorse  this  statement  because  I  am  on  principle  opposed  to 

*  See  V.  JOrgensen.  "Valvular  Diseases." 

t  Bayer,  "Archiv  der  Heilkunde/'  x,  pp.  1  and  270. 

t  Huchard,  "Maladies  du  coeur,"  Paris,  1889,  p.  49.  Pawinski,  "Deutsche 
medicinische  Wochenschrift,"  1891,  No.  4. 

§  "Diseases  of  the  Heart,"  German  translation  by  Lindwurm,  WOnsburg,  1855, 
p.  311. 
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the  practice  of  basing  the  clinical  diagnosis  or  prognosis  on  one  single 
phenomenon.  However,  the  symptom  is  of  grave  significance.  With 
our  present  understanding  of  the  origin  of  the  cardiac  rhythm  it  is  impos- 
sible to  say  how  it  is  produced.  As  acceleration  of  the  heart's  action  is 
always  associated  with  shortening  of  the  pause,  and  embryocardia,  at 
least  according  to  Huchard,  is  always  accompanied  by  tachycardia,  the 
latter  would  assist  in  the  development  of  the  former;  but  the  two  condi- 
tions are  not  identical. 

The  occurrence  of  three  heart-sounds,  a  phenomenon  described  as 
gallop  rhythm*  calls  for  a  more  detailed  discussion.  In  this  condition 
three  sounds  are  heard  over  the  heart,  and  I  may  say,  in  agreement  with 
most  physicians,  that  the  third  soimd,  which  is  pathologic,  is  heard,  as 
a  rule,  at  the  end  of  diastole,  shortly  before  the  first  ventricular  sound, 
although  distinctly  separate  from  the  latter;  at  least,  I  do  not  remember 
of  ever  having  seen  a  case  where  the  conditions  were  not  as  I  have  said. 
The  accent,  when  listening  at  the  apex,  is  usually  on  the  second,  and  when 
listening  at  the  base  more  on  the  third,  of  the  three  sounds ;  in  this  respect, 
however,  some  differences  are  observed.  For  example,  at  the  apex,  too, 
the  accent  is  occasionally  heard  on  the  third  sound,  which  corresponds 
to  what  is  usually  the  second  ventricular  sound.  The  descriptions  of 
gallop  rhythm  found  in  the  literature  exhibit  some  extraordinary  dis- 
crepancies, and  it  is  possible  that  many  of  them  refer  merely  to  simple 
splitting  or  reduplication  of  the  heartH30unds;t  thus,  in  my  opinion,  the 
so-called  bruit  de  rappel  does  not  belong  to  this  category  at  all.  I  be- 
lieve the  above  description  is  correct,  at  least  in  the  majority  of  cases. 

If  the  adventitious  soimd  is  heard  shortly  before  the  first  ventricular 
sound,  it  must  be  produced  in  one  of  two  ways:  either  the  ventricles  do 
not  contract  at  the  same  time,  or  the  contraction  of  the  auricles  precedes 
that  of  the  ventricles  by  a  sufficient  interval  to  make  it  possible  to  hear 
the  sound  produced  by  both  portions  of  the  heart,  which  is  not  the  case 
under  normal  conditions.  Nothing  can  be  brought  forward  in  support 
of  the  former  view;  in  my  opinion,  it  is  directly  refuted  by  the  fact  that 
the  second  heart-sound  remains  absolutely  single  (not  duplicated). 

Against  the  assumption  of  the  additional  soimd  originating  in  contrac- 
tion of  the  auricles  there  is  practically  nothing  to  be  said.  On  the  con- 
trary, the  cardiograms  obtained  by  Kriege  and  Schmall  undoubtedly 
support  this  view,  as  must  be  admitted  by  even  the  most  skeptical  de- 
tractor of  the  value  of  apex-beat  curves.  Hence  we  may  say  that  the 
adventitious  sound  in  gallop  rhythm  is  the  muscle  tonef  of  the  left  auricle, 
which  is  heard  abnormally  early.  Why  the  cardiac  rhythm  is  disturbed 
in  this  way  is,  to  be  sure,  quite  unknown. 

Gallop  rhythm  is  found  most  frequently  in  cardiac  hypertrophy 
secondary  to  nephritis,  but  is  not  very  rare  in  other  conditions,  as,  for  ex- 
ample, in  arteriosclerosis,  myocarditis,  acute  infectious  diseases,  and,  as 
O.  Vierordt  ob8erved,§  in  perfectly  healthy  individuals  when  the  heart  is 
excited.  In  many  cases  the  phenomenon  is  a  serious  evidence  of  cardiac 
weakness,  but  its  significance  appears  to  vary  with  the  conditions  under 

*See  references  in:  Kriege  and  Schmall,  ''Zeitschrift  fOr  klinische  Medicin/' 
xviii,  p.  261.     Lupine,  "Revtie  de  m^ecine,"  1882,  p.  243. 

t  Compare  Cuffer  et  Guinon,  "  Revue  de  m^decine,"  1886,  p.  662. 

i  Compare  Lupine,  "Revue  de  m^ecine,"  1882,  p.  239.  Krehl,  "Du  Bois' 
Archiv^"  1889,  p.  263. 

§  0.  Vierordt,  ''Diagnostik  innerer  Krankheiten,"  fifth  edition,  p.  210. 
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which  it  is  observed.  For  example,  although  it  is  a  grave  sign  in  diph- 
theria, it  may  be  present  for  a  long  time  in  chronic  nephritis  and  be  rela- 
tively harmless. 

Heart  Murmurs. — I  shall  not  attempt  an  exhaustive  discussion  of 
the  origin  and  significance  of  heart  murmurs.  But  one  thing  should  be 
emphasized  in  connection  with  our  subject;  that  is,  that  it  always  requires 
two  factors  for  the  production  of  valvular  insufficiency  and  heart  murmurs: 
structural  changes  in  the  valves  and  functional  anomalies  in  the  muscles 
necessar}'  to  effect  the  closure  of  the  valves.  It  cannot  be  emphasized 
too  often  that  the  auriculoventricular  valves  are  unable  to  effect  perfect 
closure  of  the  ventricles  unless  the  orifices  are  properly  constricted  during 
systole  by  the  circular  fibers  at  the  base  of  the  ventricles.  The  same  is 
true  of  the  arterial  orifices;  but  in  the  case  of  the  former,  another  factor 
comes  into  play,  namely,  the  correct  position  of  the  valvular  leaflets, 
and  especially  of  their  insertions  in  the  papillary  muscles. 

These  things  at  once  become  clear  when  one  studies  the  pictures 
illustrating  the  changes  in  the  shape  of  the  chambers  of  the  heart,  and 
their  different  parts  during  systole  and  diastole.  Unfortunately,  the 
most  peculiar  ideas  still  prevail  in  regard  to  the  role  played  by  muscular 
contraction  in  the  closure  of  the  valves.  A  great  many  men  seem  to  find 
it  difficult  to  rid  themselves  of  the  notion  that  the  sole  duty  of  the  papillary 
muscles  is  to  prevent  the  valve  from  "flapping  back"  into  the  auricle. 

There  is  no  doubt  that  the  action  of  the  circular  muscles  surrounding 
the  venous  orifices,  and  the  traction  exerted  by  the  papillary  muscles 
on  definite  points  in  the  interior  of  the  chamber,  are  absolutely  indis- 
pensable to  valvular  closure,  and  it  is  equally  certain  that  any  anomaly 
in  these  two  functions  may  be,  and  undoubtedly  very  frequently  is,  the  sole 
cause  of  valvular  insufficiency.  Even  in  endocarditic  processes  they 
undoubtedly  often  have  a  greater  influence  on  the  valvular  disturbances 
than  the  direct  lesion  of  the  leaflets.  For  example,  when  a  shght  marginal 
endocarditis  of  the  mitral  leaflets  is  associated  with  insuflficiency  of  the 
valves,  deficient  muscular  contraction  is  undoubtedly  the  most  important 
factor  in  the  pathology  of  the  case.* 

These  muscular  insufficiencies  are  distinctly  more  frequent  in  the 
auricular  valves  than  in  the  semilunars.  The  production  of  these  insuffi- 
ciencies becomes  perfectly  clear  and  intelligible  as  soon  as  we  make  a 
careful  study  of  the  arrangement  of  the  fibers  of  the  heart  muscle  and 
the  changes  that  occur  in  them  during  systole  and  diastole.f  The 
older  conception  that  this  insufficiency  is  "relative"  in  the  sense 
that  the  valvular  leaflets  are  not  large  enough  to  close  the  dilated  orifice, 
is  assuredly  applicable  only  to  a  very  small  number  of  cases.  At  all 
events  any  one  who  is  familiar  with  the  mechanism  of  valvular  closure 
will  find  it  difficult  to  reconcile  the  theory  with  the  facts. 

In  most  cases  it  is  exceedingly  diflicult  to  differentiate  between  this 
form  of  ventricular  insufficiency,  and  that  due  to  structural  changes  in 
the  leaflets,  that  it  to  say,  to  endocarditis  and  arteriosclerosis.}  The 
differential  diagnosis  cannot  be  based  on  the  character  of  the  sound  itself; 
the  determining  factors  must  be  sought  in  concomitant  conditions  and 

*  Romberg,  "Archiv  fur  klinische  Medicin,"  liii,  p.  141. 

t  Krehl,  'HBeitrag  zur  Kenntniss  der  Filllung  and  Entleening  dee  Herzens," 
"Abhandlungen  der  Sftchsischen  Gesellschaft  der  Wissenschaften,"  xvii,  No.  5. 
Compare  Emthoven  and  de  Lint,  "Pfltiger's  Archiv,"  Ixxx,  p.  139. 

f  Compare  Leube,  "Archiv  ftir  klinisqhe  Medicin,"  Ivii,  p.  225. 
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elements  of  a  more  general  nature,  such  as  the  causes  of  the  disease,  and, 
especially,  a  variability  in  the  appearance  and  intensity  of  the  murmurs 
and  the  like.  In  short,  the  question  is  decided  on  the  general  principles 
which  obtain  in  a  differentiation  between  muscular  and  valvular  diseases 
in  the  heart,  which  will  be  discussed  in  connection  with  the  diagnosis  of 
myocarditis. 

The  origin  of  so-called  accidental  or  anemic  heart  murmurs  is  much 
more  difficult  to  explain,  and  it  is  by  no  means  easy  to  determine  their 
diagnostic  value.  These  murmurs  are  almost  exclusively  -systolic,  are 
heard  more  frequently  in  the  second  intercostal  space  on  the  left  side, 
and  next  in  order  of  frequency  at  the  apex.  They  have  nothing  to  do 
with  structural  changes  in  the  heart  valves,  as  the  definition  alone  implies. 
But  one  cannot  by  any  means  be  equally  positive  in  excluding  insufficient 
muscular  contraction,  that  is  to  say,  muscular  insufficiency  of  the  valves, 
from  the  pathogenesis.  On  the  contrary,  when  all  the  factors  in  the  case 
are  duly  taken  into  account,  it  is  unquestionably  justifiable  in  many  cases 
to  assimie  that  muscular  insufficiency  is  the  chief  factor.  I  shall  merely 
recall  the  association  of  accidental  murmurs  with  dilatation  of  the  heart, 
which  is  so  frequent  in  anemia,  and  the  simultaneous  disappearance  of 
both  phenomena. 

But  this  does  not  altogether  dispose  of  the  question.  Systolic  mur- 
murs are  heard  quite  often  without  obvious  or  even  distinct  signs  of 
anemia,  and  without  any  cause  to  justify  the  assumption  of  a  functional 
valvular  disturbance. 

In  such  cases  we  are  altogether  in  the  dark  in  regard  to  the  origin  of 
the  murmurs.  There  is  no  doubt  that,  in  many  cases,  the  phenomena 
have  nothing  whatever  to  do  with  the  ventricles  or  arteries,  but  arise 
in  the  large  veins.  Sahli*  emphasizes  this  in  the  case  of  accidental 
diastolic  murmurs,  and  personally  I  have  often  seen  how  easily  a  con- 
fusion may  arise  between  a  venous  hum  and  a  heart  murmur.  But  even 
this  explanation  is  applicable  only  to  individual  cases. 

Th.  Weberf  has  shown  that  a  moving  column  of  fluid  confined  in  a 
tube  gives  forth  a  sound  when  the  velocity  exceeds  a  certain  critical 
point,  and  the  ease  with  which  the  sound  is  produced  is  proportionate 
to  the  mobility  of  the  fluid.  Whether,  as  Sahli  believes,  this  factor  has 
any  influence  on  the  question  may  be  doubted.  At  all  events,  there  are 
no  accurate  investigations  either  for  or  against  it.  Personally,  it  seems 
to  me  very  doubtful  whether  such  a  difference  in  velocity  as  that  would 
imply  ever  occurs  in  disease,  or  if  it  does,  that  the  velocity  of  the  blood- 
current  is  accelerated  in  individuals  suffering  from  anemia  or  in  patients 
generally. 

It  is  often  exceedingly  difficult  to  differentiate  these  accidental  mur- 
murs from  the  murmm«  of  true  insufficiency.  The  character  of  the  aus- 
cultatory phenomena  is  in  itself  of  very  little  value.  It  is  true  that 
hemic  murmurs  are  usually  very  soft,  but  the  same  thing  is  occasionally 
observed  in  cases  of  true  insufficiency.  A  consideration  of  all  the  factors 
in  the  individual  case  is  far  more  important,  and  in  the  end  must  decide 
the  diagnosis;  such  factors  are  enlargement  of  the  various  portions  of 
the  heart,  character  of  the  second  pulmonary  sound,  etiology,  etc. 

It  is  well  known  that  respiratory  sounds  are  not  rarely  heard  in  the 

♦Sahli,  "Lehrbuch  der  klinischen  Untersuchungsmetboden,"  second  edition, 
p.  243.     Geigel,  *'Mtinchener  medicinische  Wochenschrift,"  1896,  No.  15. 
tXh.  Weber,  "Archiv  fflr  physiologische  Heilkunde,"  1865,  xiv,  p.  40. 
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precordial  region,  the  rh3rthm  of  which  depends  on  the  action  of  the  heart. 
These  sounds  are  unmistakable  to  any  one  listening  attentively,  and  have 
no  significance  whatever.  They  hardly  deserve  the  amount  of  attention 
accorded  to  them  especially  in  Potain's  communications.* 

FUNCTIONAL  EXAMINATION  OF  THE  HEART. 

All  the  above-described  methods  of  examination  have  as  their  ultimate 
object  to  furnish  information  in  regard  to  the  functional  capacity  of  the 
heart.  We  ynsh  to  know,  and  indeed  we  must  know,  to  what  extent  the 
heart  in  an  individual  esse  is  capable  of  satisfying  the  demands  that  are 
made  on  it.  In  actual  practice  the  greatest  imaginable  contrasts  are 
encountered:  sometimes  the  organ  is  quite  incapable  of  adequately  sup- 
pl3dng  the  circulation  even  during  absolute  rest;  at  others,  only  very  slight 
fimctional  disturbances  are  observed  even  during  the  greatest*  exertions. 

How,  then,  is  the  physician  to  recognize  whether  and  to  what  extent 
the  heart  in  a  given  case  is  doing  enough  work  under  varying  conditions? 

In  order  to  answer  this  question,  especially  for  the  milder  cases  of 
functional  disturbance,  a  knowledge  of  the  history  is  necessary. 

By  judiciously  var3dng  our  questions  we  can  at  least  find  out  how  the 
patient  feels  subjectively  when  he  does  certain  things  which  we  know  from 
experience  influence  the  circulation.  The  patient's  habits  are  often  quite 
characteristic.  Many  persons  give  up  certain  things  which  they  find 
they  cannot  endure,  nor  is  it  always  at  once  manifest  how  much  they  are 
influenced  by  any  conscious  purpose.  At  all  events,  it  will  not  do  to 
assume  that  it  exists,  for  its  influence  is  very  frequently  forgotten  or  denied 
by  the  patient.  The  physician  must,  therefore,  endeavor  to  gain  a  com- 
prehensive idea  of  the  patient's  entire  mode  of  life,  and  to  do  so  is,  of 
course,  easier  in  proportion  to  the  intimacy  of  his  acquaintance  with  the 
patient.  The  general  attitude  of  the  physician  toward  his  patient  is 
most  important  in  a  case  of  this  kind. 

Much  valuable  information  is  obtained  in  this  way^  but  the  data,  of  course, 
have  all  the  disadvantages  of  statements  with  a  subjective  coloring.  In  weighing 
such  data  the  physician  must  bring  all  his  acumen  and  his  knowledge  of  men  to  bear, 
and  take  the  quality  of  his  patient's  mental  makeup  into  account.  Above  all,  he 
must  note  any  changes  that  have  occurred  in  the  individual,  just  as  we  do  when  we 
wish  to  form  an  opinion  of  a  patient's  mental  condition. 

In  order  to  determine  from  the  subjective  symptoms  whether  a  process  deserv- 
ing the  appellation  morbid  is  present  or  not,  it  is  also  necessary  to  take  into  account 
the  indiviaual's  antecedents  and  the  degree  of  exertion  which,  according  to  his  state- 
ments, brings  on  a  disturbance  of  the  heart.  For  example,  if  an  elderfy  man  whose 
custom  has  been  to  sit  quietly  at  his  writing  table  or  in  the  office  expresses  surprise 
at  becoming  short-winded  during  the  first  days  of  his  attempts  to  ride  a  bicycle, 
especially  in  goin^  up  hill,  the  condition  can  hardly  be  called  abnormal;  and  even 
less  so,  if  the  individual  in  question  is  a  woman.  Finally,  all  those  things  which 
are  set  forth  in  the  general  discussion  of  the  etiology  must  be  duly  considered. 
Thus,  for  example,  convalescence  from  acute  disease,  tne  existence  of  a  nutritional 
disturbance,  care  and  worry,  and  other  things  that  iniure  the  general  strength  of 
the  organism  affect  the  strength  of  the  heart  unfavorably,  although  there  may  be 
no  local  disease  in  the  organ. 

Next  in  order  are  the  results  of  the  objective  examination  of  the  entire 
circulatory  apparatus,  which  are  important  in  two  different  ways:  In 
the  first  place,  signs  are  often  found  during  this  examination  showing 
that  the  heart  is  insufficient  even  during  rest;  I  shall  merely  refer  to  the 
significance  of  edema,  dilatation,  and  similar  things.     In  the  second  place, 

*  Potain,  "Clinique  m^icale." 
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the  examination,  if  it  does  not  yield  direct  signs,  may  elicit  premonitory 
symptoms  that  at  least  make  one  think  of  the  possibility  of  alarm,  such 
as  anomalies  in  the  action  of  the  heart,  in  the  kidneys,  and  the  like. 

A  good  deal  is  learned  in  this  way,  but  all  the  facts  in  the  case  are  not 
by  any  means  exhausted.  For  example,  the  greatest  discrepancy  is  some- 
times discovered  between  the  results  of  the  objective  (physical)  examina- 
tion and  the  patient's  statements.  The  patients  complain  of  all  kinds  of 
functional  disturbances,  and  yet  nothing  is  found  to  account  for  them; 
that  is,  while  the  heart  action  is  not  absolutely  normal,  no  physical  signs 
can  be  discovered,  at  least  during  rest. 

One  cannot  help  wishing  it  were  possible  to  determine  the  functional 
power  of  the  organ  by  objective  means  in  the  same  way  as  we  are  in  the 
habit  of  determining  the  functional  conditions  of  other  systems.  Who 
among  us  would  in  this  day  care  to  give  an  opinion  or  undertake  the  treat- 
ment of  a  diabetic  case  before  accurately  determining  by  quantitative 
examination  the  patient's  power  of  burning  up  sugar?  And  even  in  dia- 
betes we  have  by  no  means  reached  our  ideal ;  there  is  still  much  for  us  to 
learn — for  example,  the  variations  in  the  assimilation  of  sugar  in  health. 
Nevertheless,  the  ability  to  make  a  quantitative  estimate  is  a  distinct 
progress,  and  a  similar  advance  is  desirable  in  the  functional  examina- 
tion of  the  heart. 

The  method  to  be  adopted  will  probably  be  to  give  the  muscles,  and 
through  them  the  heart,  a  definite  amount  of  work  to  do,  and  to  observe 
what  effect  it  has  on  the  circulation.  In  experiments  of  this  kind,  which 
have  been  performed  for  some  time  in  patients  with  valvular  lesions, 
either  the  position  of  the  body  was  changed  or  the  patient  was  directed 
to  make  certain  movements.  Jaquet*  and  Gartnerf  constructed  very 
serviceable  contrivances  (ergostats)  by  means  of  which  muscular  work 
in  graded  quantities  can  be  prescribed.  Jaquet  utilized  the  muscles  em- 
ployed during  climbing,  while  with  Gartner's  instrument  the  arms  are 
used.  Subsequent  observation  must  decide  whether  these  apparatus  and 
the  special  kind  of  muscular  movement  which  they  require  wUl  suffice,  or 
whether  it  will  be  necessary  for  certain  special  purposes  to  afford  an  op- 
portunity for  other  kinds  of  innervation.  We  are  very  far  from  having  at- 
tained the  goal  with  this  method,  but  in  my  opinion  it  is  so  important  and 
promises  to  be  useful  in  so  many  ways  that  it  had  to  be  mentioned  here. 

But  how  shall  we  recognize  the  functional  power  of  the  heart  objective- 
ly? As  a  rule,  by  noting  the  changes  in  the  pulsef  and  in  the  respiration. 
Both  are  unquestionably  valuable,  both  are  closely  related  to  the  power 
of  the  heart  as  well  as  to  that  of  the  blood-vessels.  It  is  quite  possible  that 
future  experience  may  discover  other  signs,  but  for  the  present  we  must 
content  ourselves  with  these.  The  points  to  be  noted  in  the  pulse  are 
frequency,  rhythm,  form,  and  tension. 

Some  things  are  positively  known.  Increased  muscular  work  is  fol- 
lowed by  an  increase  in  the  frequency  of  the  heart-beat  and,  to  a  certain 
extent,  the  two  things  are  in  proportion.  It  is  true  that  our  knowledge  of 
the  exact  degree  and  limits  of  this  parallelism  and  of  the  degree  of  accelera- 
tion of  the  heart-beat  is  far  from  adequate,  especially  in  health.§ 

*  Jaquet,  "Schweizer  Correspondenzblatt,"  xxiv  (1894). 
t  Gartner,  "AUgemeine  Wiener  medicinische  Zeitung,"  1887,  No.  49,  50. 
X  Compare  Spengler,  "Dissertation,"  Ztirich,  1887.    Christ,  "Archiv  ftir  klinische 
Medicin,"  liii,  p.  102.     Minassian,  "Dissertation,"  Basel,  1895. 
$  Compare,  Christ,  loc,  cit. 
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In  the  case  of  patients  with  changes  in  the  myocardium  or  endocardium 
clinical  experience  has  long  ago  taught  us  that  the  frequency  of  the  heart- 
beat is  much  more  labile  than  in  healthy  individuals;  it  fluctuates  much 
more  readily  in  both  directions  in  response  to  all  kinds  of  influences.  In 
such  patients  the  pulse  is  frequently  rendered  irregular  by  muscular  move- 
ment, while  in  many  healthy  individuals  and  during  convalescence  from 
infectious  diseases  the  pulse  is  more  regular  when  it  is  accelerated  than 
when  beating  at  its  usual  rate.* 

Generally  speaking,  the  blood-pressure  is  raised  by  muscular  movement 
in  health,t  but  the  influence  of  individual  conditions  still  remains  to  be 
explained.  Is  there  a  constant,  unalterable  relation  between  the  height 
of  the  blood-pressure  and  the  degree  of  muscular  exertion?  What  is  the 
influence  of  sustained  muscular  exertion?  Evidently  we  here  have  to  deal 
with  peculiar  and  very  important  conditions.  There  are  grounds  for 
believing  that  if  the  individual  is  accustomed  to  a  certain  muscular  move- 
ment, even  though  it  be  severe,  an  increase  in  blood-pressure  does  not  take 
place  with  the  same  regularity.  The  question  will  be  referred  to  again  in 
connection  with  diseases  of  the  heart  following  excessive  muscular  exer- 
tion. 

The  ingestion  of  fluid,  especially  when  it  contains  chemically  or 
mechanically  active  substances,  such  as  alcohol,  carbon  dioxid,  and  the 
like,  is  capable  of  raising  the  blood-pressure;  t  and  the  effect  is  increased 
when  the  introduction  of  fluid  is  associated  with  muscular  movement. 

There  is,  therefore,  no  lack  of  building  material,  and  with  proper  care 
it  ought  to  be  possible  to  erect  a  useful  structure,  but  the  undertaking  calls 
for  perseverance. 

It  has  already  been  stated  that  certain  isolated  pathologic  facts  have 
already  been  gained  by  experience;  for  example,  in  almost  all  heart  patients 
the  pulse  becomes  more  irregular  and  less  uniform  after  muscular  exertion. 
It  is  also  known  that  when  the  heart  is  not  quite  equal  to  the  demands 
made  upon  it,  a  trifling  cause  suffices  to  bring  on  an  unusual  acceleration 
of  its  action;  any  cyclist  in  mountainous  r^ions  will  have  ample  oppor- 
tunity of  convincing  himself  of  this  fact. 

Rieder  found  that  occasionally  in  cases  of  heart  disease  the  effect  of 
muscular  exertion  on  the  blood-pressure  is  different  from  the  effect  in 
health;  instead  of  being  increased,  the  pressure  remains  the  same  or  may 
even  fall. 

[A  very  useful  contribution  to  this  unsettled  subject,  with  references 
to  recent  literature,  is  given  by  Dr.  Geo.  W.  Norris,  '^The  Functional 
Capacity  of  the  Heart,"  "  International  Clinics,"  vol.  i,  seventeenth  series, 
1907.— Ed.] 

Cardiac  Rhythm  and  Its  Disturbances. — ^The  heart  belongs  to  the 
so-called  automatically  working  organs,  that  is,  organs  in  which  occur 
periodic  stimulations  to  activity,  i.  e.,  contraction  of  four  hollow  muscles, 
the  two  auricles  and  the  two  ventricles. 

Until  quite  recently  these  stimuli  were  supposed  to  originate  in  the 
ganglion-cells  of  the  heart.  But  it  may  now  be  regarded  as  positively 
established  that  the  ability  to  originate  rhythmic  stimuh  resides  in  the 

♦  Hosier,  " Archiv  fttr  klinische  Medicin,"  liv,  p.  229. 

t  Oertel,  "  Allgemeine  Therapie  der  Kreislaufstfirungen,"  fourth  edition,  p.  170 
et  aeq.    v.  Maximowitsch  und  Rieder,  ''Archiv  fur  klinische  Medicin,''  xlvi,  p.  3^. 
{  V.  Maximowitsch  and  Rieder,  loc.  ciL 
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muscle  itself;*  a  large  proportion  of  the  investigators  accordingly  attribute 
the  automatism  of  the  heart  to  this  property  of  the  myocardium.  It  is 
obviously  not  my  duty  to  furnish  the  proof  of  this  view,  which  I  fully 
share,  since  it  would  require  an  extensive  physiologic  discussion. 

Nor  do  I  care  to  express  an  opinion  in  regard  to  the  relation  of  the 
ganglia  to  this  automatism  of  the  muscle.  A  great  many  theories  are 
possible,  and  one  idea  in  particular,  namely,  that  the  activity  of  the  nerve- 
cells  is  associated  with  numerous  fine  adjustments  of  the  heart's  action, 
naturally  suggests  itself. 

The  contraction  begins  at  the  point  where  the  veins  empty  into  the 
auricles,  and  is  propagated  to  the  auricles,  and,  by  means  of  the  muscular 
connecting  bridges,  to  the  ventricles.  Frequency,  rhythm,  force,  and 
velocity  of  the  contractions  exhibit  an  extraordinary  degree  of  variation 
and  are  subject  to  a  great  number  of  influences  from  various  quarters.f 

[The  statement  as  to  the  connection  between  auricles  and  ventricles 
does  not  quite  correspond  to  the  present  state  of  our  knowledge.  Such 
a  bridge  was  first  discovered  by  Stanley  Kent,  and  independently  by  His, 
Jr.,  in  1893,  and  its  existence,  location,  and  size  described  more  accurately 
in  1904  by  Retzer  and  Braeunig.  But  Tawara,  in  Aschoff's  laboratory, 
has  shown  that  the  connection  is  more  complicated,  and  his  work  goes  far 
to  clear  up  many  obscure  points  in  cardiac  physiology  and  pathology. 
According  to  Tawara,  the  ''auriculoventricular"  or  His'  bundle  is  only 
part  of  a  complicated  system  of  muscular  fibers,  which  begin  in  the  auri- 
cular septum,  pass  through  the  auriculoventricular  septum  as  a  bundle 
which  divides  into  two  limbs,  traverse  the  ventricles  in  the  trabeculae 
or  "false  tendons,"  and  finally  communicate  with  the  heart  muscle-fibers 
in  the  papillary  muscles  and  walls  of  the  ventricles.  The  terminal  fibers 
are  identical  with  those  described  by  and  called  after  Purkinje.  In  some 
animals  (ungulates)  the  fibers  show  distinct  differences  from  true  heart 
muscle,  the  sarcoplasm  being  more  extensive  and  the  fibrillsB  less  well  de- 
veloped. They  have  been  described  as  transition  forms  from  smooth 
to  striated  muscle  fibers.  In  man  the  fibers  are  not  so  characteristic, 
but  in  general  structure  and  general  arrangement  the  atrioventricular 
bundle  and  its  terminal  branches  are  fairly  uniform  in  different  classes 
of  animals.  As  regards  function,  all  who  have  investigated  it  consider 
the  sjTstem  as  a  conducting  one,  through  which  the  coordinate  action  of 
the  various  parts  of  the  heart  is  brought  about.f — Ed.] 

The  central  nervous  system  influences  the  heart  through  two  nerves, 
the  sympathetic  and  pneumogastric,  the  nervous  impulses  being  trans- 
mitted in  a  variety  of  ways  and  through  a  great  number  of  different  fibers. 
The  central  terminations  of  these  two  nerve-trunks  connect  in  their  turn 
with  numerous  sensory  nerve-paths  of  the  entire  body,  and  are,  therefore, 
subject  to  a  great  many  reflexes. 

♦  For  a  r&um^  of  the  entire  literature  and  original  investigations  see  En^l- 
mann,  "PflQger's  Archiv,"  Ixv,  p.  535.  See  also  the  report  of  the  general  session 
of  the  medical  section  at  the  Dilsseldorf  Naturforscherversammlung,  1898,  ab- 
stracted by  V.  Frey.  Compare  the  opposite  views  of  Kronecker,  "Zeitschrift  fttr 
Biologic,"  xxxiv,  p.  529.  [See  also,  Howell,  "Text-book  of  Physiology,"  and  Mills, 
"Journal  of  the  American  Medical  Association,"  January  19,  1907,  p.  190. — ^Ed.J 

t  The  literature  bearing  on  this  subject  is  quite  extensive,  and  an  excellent 
r^sum^  is  given  by  Ti^erstedt,  "Physiologic  des  Kreislaufes,"  Leipzig,  1893,  and  in  his 
"  Lehrbucn  der  Physiologic,"  English  translation  by  Murlin,  Appleton,  1906. 

JSee  "Das  Reizleitungs  System  des  Saeugetierherzens,"  by  Dr.  S.  Tawara, 
Jena,  1906.  "Physiology  of  Heart  Block  in  Manunals,"  etc.,  Joseph  Erlanger, 
*' Journal  of  Experimental  Medicine,"  1906,  vol.  viii,  p.  8. 
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From  the  heart  itself  fibers  pass  to  the  central  nervous  S3rstem  and 
influence  the  circulation  partly  by  reflexes  acting  on  the  heart  itself  and 
partly  by  reflexes  acting  on  the  cells. 

It  is  probable  that  the  ganglion-cells  of  the  heart  play  an  important 
part  in  these  reflexes,  although  we,  unfortunately,  as  yet  know  nothing 
about  the  details  of  the  function  of  these  ganglia.  Finally  the  heart-wall 
itself  is  sensitive  to  a  great  many  different  influences,  as,  for  example, 
poisons,  the  degree  of  distention  of  the  cavities,  and  blood-pressure,  and 
under  such  influences  is  directly  capable  of  altering  the  rhjrthm. 

The  nervous  mechanism  of  the  heart  is,  therefore,  most  complicated, 
and  we  have  barely  taken  more  than  the  first  step  in  the  work  of  unraveling 
this  mechanism  in  man.  The  only  method  by  which  we  can  gradually 
hope  to  progress  is  true  experimental  pathology,  which  must  coordinate 
the  phenomena  observed  in  man  with  animal  experiments  in  an  abso- 
lutely uniform  and  impartial  manner.  The  goal  will  never  be  reached 
by  a  single  method  alone;  for  in  man  a  certain  definite  process  may  be 
caused  by  so  many  different  things  that  it  is  impossible,  by  observation 
alone,  to  solve  the  question,  and  animal  experiments  alone  do  not  admit 
of  sufficiently  great  variations  in  the  terms  of  the  problem  to  be  solved, 
besides  which  it  will  probably  never  be  possible  to  realize  certain  patho- 
logic conditions  in  animals.  Arguing  from  the  animal,  we  must  constantly 
strive  to  gain  an  understand&g  of  the  individual  phenomena  and  then 
try  to  approach  nearer  to  the  compUcated  conditions  in  man. 

We  are  as  yet  far  from  having  a  clear  understanding  of  the  phenomena, 
and  it  is  our  duty  openly  to  acknowledge  our  ignorance  instead  of  keeping 
up  the  state  which  has  been  so  aptly  called  by  Martins  '*sham-physi- 
ologism''  (Scheinphysiologismus),  as  is  done  too  frequently  in  this  field, 
especially  in  the  clinical  literature. 

In  this  connection  we,  of  course,  have  to  do  only  with  the  rhythmic 
anomalies  that  occur  in  muscular  and  nervous  diseases  of  the  heart. 
Influences  acting  upon  the  heart  from  without  interest  us  only  in  so  far  as 
they  exhibit  some  pecuUar  features  in  the  above-mentioned  conditions. 

The  greatest  difficulty  in  diagnosis  is  always  encountered  in  sUght  or 
beginning  alterations  of  the  cardiac  action,  because  phenomena  which  in 
some  individuals  may  be  regarded  as  entirely  normal  in  others  may  be 
the  expression  of  a  morbid  change.  In  other  words,  the  individual 
peculiarities  must  be  accurately  known  and  duly  taken  into  account, 
which  is  easy  enough  in  general  discussions,  but  most  difficult  in  the 
individual  cases. 

In  judging  from  the  frequency  of  the  heart-beat  it  is  well  to  remind  our- 
selves of  normal  conditions;  the  relatively  high  frequency  of  the  pulse 
in  children  diminishes  rapidly  with  advancing  age.  In  old  persons  the 
frequency  of  the  heart-beat  is,  generally  speaking,  not  lowered,  as  is 
frequently  stated,  but  is  at  least  as  high  or  even  higher  than  in  middle- 
aged  persons.* 

In  the  prime  of  life  individual  variations  are  quite  marked,  but  I  be- 
lieve that  even  during  this  period  a  pulse  varjdng  from  56  to  78  during 
complete  rest  must  be  regarded  as  normal.  At  least  it  is  certain  that  a 
pulse  below  64  is  not  frequent  in  health;  it  does  occur,  however,  and  it 
would,  therefore,  be  wrong  to  pronounce  such  a  pulse  pathologic  in  every 
case. 

*Canstatt,  "Die  Krankheiten  des  hOheren  Alters/'  Erlangen,  1839.  Geist 
"Klinik  der  Greisenkrankheiten/'  Erlangen,  1860. 
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In  heart  patients  the  frequency  of  the  pulse  is  also  subject  to  very 
great  variations.  A  heart  with  a  diseased  muscle  or  abnormal  nervous 
system  is  abnormally  sensitive  to  most  external  influences,  and  especially 
to  influences  which,  in  the  healthy  individual,  usually  produce  an  accelera- 
tion. For  example,  the  frequency  of  the  pulse  in  heart  patients  is  dis- 
proportionately increased  after  the  slightest  muscular  exertion,  after  a 
rise  of  temperature  or  comparatively  insignificant  psychic  excitement, 
and  not  infrequently  the  individual  contractions  are  extremely  irregular 
and  unequal.  Whether  retardation  is  also  apt  to  occur  more  readily  and 
in  a  more  pronounced  degree  in  a  diseased  heart,  as,  for  example,  from 
central  irritation  of  the  vagus,  I  am  imable  to  say. 

The  cause  of  the  increased  irritability  in  a  myocarditic  heart  is  probably 
some  change  in  the  muscle.  One  naturally  thmks  of  the  auricles  because 
the  automatic  innervation  begins  in  the  muscle  of  these  cavities;  and  one 
might  also  argue  by  analogy  since  all  inflamed  tissues  elsewhere  in  the 
body  also  exhibit  heightened  irritability  to  all  kinds  of  influences.  But 
these  are  very  feeble  arguments,  and,  in  fact,  not  much  more  than  surmises. 

Accderation  of  the  heart-beat  in  the  absence  of  any  of  the  causes  that 
produce  the  condition  in  health  is  found  very  frequently  in  diseased  hearts. 
In  fact,  it  may  be  said  that  the  action  of  such  hearts  is  abnormally  frequent 
most  of  the  time,  both  in  diseases  of  the  muscle  and  in  diseases  of  the 
nervous  sjrstem.  But  we  have  by  no  means  advanced  so  far  in  our  knowl- 
edge of  these  matters  as  to  be  able,  for  example,  to  deduce,  from  a  definite 
change  in  the  muscle,  what  the  character  of  the  pulse  will  be.  Such  a 
thing  is,  for  the  present,  altogether  out  of  the  question  and  will  remain 
80  for  some  time.  All  that  we  know  at  present  is  that,  according  to 
medical  experience,  most  diseases  of  the  heart  muscle  are  attended  by 
acceleration  of  the  pulse  and  only  a  few,  which  will  be  discussed  presently, 
exhibit  retardation.  It  is  never  possible  to  give  a  definite  reason  for  the 
acceleration  of  the  pulse,  at  least  so  far  as  influences  emanating  directly 
from  the  heart  are  concerned.  The  most  that  can  be  said  is  that  in- 
flammation of  the  myocardium  probably  intensifies  the  automatic  stimuli 
or  renders  the  muscle  more  receptive  to  such  stimuli.  Again,  however, 
this  is  mere  conjecture  and  is  true  only  within  limitations. 

The  conditions  are  practically  the  same  in  the  so-called  nervous 
diseases  of  the  heart.  In  the  majority  of  cases  these  also  exhibit  accelera- 
tion; but,  again,  we  are  far  from  possessing  a  clear  understanding  of  the 
causal  connection,  and  let  no  one  be  deceived  in  this  respect  by  the  numer- 
ous pseudophysiologic  explanations  found  in  clinical  literature. 

The  usual  number  of  heart-beats  in  the  minute  is  very  variable.  In 
general  the  acceleration  is  only  moderate,  but  attains  a  greater  height 
as  the  result  of  some  unusual  influences.  Such  great  variations  are  ob- 
served in  individual  cases  that  it  is  better  to  discuss  this  matter  in  connec- 
tion with  the  various  clinical  conditions. 

•  In  a  great  variety  of  cardiac  diseases  peculiar  attacks  of  verj''  marked 
acceleration  of  the  heart-beat,  known  as  tadiycardia,  are  observed.  We 
usually  distinguish  between  sjonptomatic  and  genuine  tachycardia;  that 
is  to  say,  acceleration  of  the  heart-beats  occurring  paroxysmally  is  a 
s3rmptom  which  is  found  in  a  great  variety  of  cardiac  disturbances,  such 
as  valvular  lesions,  diseases  of  the  muscle  and  of  the  coronary  arteries. 
The  causal  connection  between  these  diseases  and  the  attacks  is  not  clear. 
The  exciting  causes  given  are  the  same  as  we  know  influence  the  heart 
Action  in  healthy  individuals;    for  example,  psychic  emotion,  violent 
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muscular  exertion,  and  the  like;  the  direct  cause  of  their  action,  ^hich 
is  so  peculiar  in  these  cases,  is  still  shrouded  in  obscurity. 

But  this  is  not  all.  There  are  forms  of  tachycardia  that  we  cannot, 
with  our  present  knowledge,  refer  to  any  known  morbid  condition  of  the 
heart — so-called  essential  tachycardia.  In  these  cases  the  acceleration 
is  usually  regarded  as  the  primary,  essential  phenomenon;  hence  the 
peculiar  classification. 

The  direct  consequences  of  accelerated  heart  action  can  hardly  be  said  to  be  the 
same  in  all  cases.  The  conditions  in  the  arteries  depend  on  the  completeness  with 
which  the  accelerated  heart  becomes  filled  during  aiastole  and  the  thorouglmess 
and  rapidity  with  which  it  empties  itself;  and  these  factors  aeain  are  influenced 
by  the  nutrition  of  the  muscle  itself.  It  is  evident ,  therefore,  that  the  conditions 
are  extremely  complicated,  and  the  factors  which  influence  the  rhythm  of  the  heart 
are  often  capable,  at  the  same  time,  of  affecting  the  strength  of  its  contractions; 
hence  no  one  will  be  inclined  to  lay  down  a  law  that  is  applicable  to  the  individual 


So  far  as  the  frequency  of  the  heart-beat  alone  is  concerned,  it  may  be  assumed 
that  at  first  acceleration  causes  an  increase  in  the  arterial  pressure  ana  the  velocity 
of  the  blood-stream;  for  so  long  as  the  ventricles  fill  and  empty  properly, — ^as  they 
continue  to  do  until  the  duration  of  the  pause  is  reduced  below  a  certain  minimum, — 
the  arteries  must  become  more  completely  filled.  But  when  the  acceleration  is  very 
great,  the  ventricles  do  not  fill  properly,  the  ventricular  musculature  is  unable  to 
obtain  the  necessary  quantity  of  nutritive  material,  and  the  contractions  become 
walker.  The  arterial  pressure  then  diminishes,  the  quantity  of  blood  in  the  arteries 
lessens,  while  that  in  the  veins  increajses.  Hence,  when  the  heart  action  is  very 
ereatly  accelerated,  signs  of  retarded  circulation  are  not  infrequently  observea. 
It  is,  however,  practically  impossible  to  say  positively  to  what  extent  these  condi- 
tions obtain  in  any  individual  case;  for  we  have  seen  that  a  number  of  special 
factors,  the  significance  of  which  we  are  still  unable  to  estimate,  also  come  into 
play. 

What  18  the  diagnostic  and  prognostic  significance  of  acceleration  of  the 
heart-heat  t  Experience  teaches  that  diseased  hearts  frequently  exhibit 
very  great  frequency  of  contractions  before  death,  and  that  loss  of  strength 
in  the  heart  is  accompanied  by  acceleration  of  its  rhythm.  This  is  not  a 
rule  without  exceptions,  however;  since,  as  will  presently  be  mentioned, 
feeble  hearts  quite  often  exhibit  retardation;  but  this  is  distinctly  less 
frequent  than  the  opposite  condition;  of  that  there  can  be  no  doubt. 

It  is  not  very  easy  to  decide  how  far  the  standpoint  of  the  theoretic 
pathologist  coincides  in  this  matter  with  that  of  the  physician;  in  other 
words,  to  what  extent  one  is  justified  in  saying  that  heart  weakness  as 
such  is  the  cause  of  acceleration  of  the  pulse.  In  view  of  the  great  number 
of  influences  capable  of  affecting  the  frequency  of  the  heart-beat,  the 
acceleration  may  be  secondary,  as,  for  example,  due  to  a  reduction  of  the 
blood-pressure,  while  the  change  in  the  heart  itself  would  influence  its 
rhjrthm  in  quite  a  different  manner. 

The  boundary-line  where  pathologic  retardation  of  the  heart-beat  or  brady- 
cardia^ may  be  said  to  begin  has  already  been  mentioned.  Cases  of  re- 
tardation of  the  heart-beat  due  to  extracardial  causes  and  to  general 
diseases  are  not  included  in  this  discussion;  we  are  interested  only  in 
bradycardia  due  to  changes  in  the  heart  muscle  or  its  nervous  apparatus. 

Such  cases  are  unquestionably  uncommon.  This  form  of  bradycardia 
is  observed  chiefly  under  two  conditions:    in  a  number  of  infectious 

♦Riegel,  "Zeitschrift  fUr  klinische  Medicin,"  xvii,  p.  221.  Grob,  "Archiv  fttp 
klinische  Meaicin,"  xlii,  p.  674.  Stnlbing,  "Deutsche  medicinische  Wochenschrift," 
1893,  No.  4  and  5.  Schiltze.  "Zur  Casuistik  der  Bradycardia,"  Dissertation,  Greifs- 
wald,  1891. 


BRADYCARDIA.  463 

diseases,  as,  for  example,  typhoid  fever,  but  chiefly  diphtheria;  and 
especially  when  the  heart  is  so  weak  that  the  patient's  life  is  in  danger. 
We  now  know  that  inflammation  of  the  myocardium  frequently  develops 
during  these  infections,  and  a  causal  connection  between  the  myocarditis 
and  bradycardia  naturally  suggests  itself.  However,  one  must  always 
think  of  the  possibility  of  a  toxic  influence. 

The  most  persistent  cases  of  bradycardia  occur  in  emboHsm  of  the 
coronary  arteries  or  disease  of  the  vessel-walls  (sclerosis,  arteritis),  and 
occasionally  in  chronic  myocarditis.  It  is  in  such  cases  also  that  the 
highest  degrees  of  bradycardia  are  observed:  twenty  to  thirty  cardiac 
contractions  in  a  minute  is  not  so  very  rare,  and  even  twelve  and  eight 
have  been  observed.  The  first  thing  that  naturally  suggests  itself  in  such 
a  case  is  the  existence  of  irritative  or  paraljrtic  phenomena  on  the  part  of 
the  diseased  musculature  itself.  Dromotropic  disturbances  (disturbances 
of  conductivity)  are  also  possible.  The  bradycardia  unquestionably  does 
not  depend  on  the  influence  of  the  vagus,  for  Dehio*  found  that  it  did 
not  disappear  after  the  exhibition  of  atropin.  However,  we  are  still 
far  from  a  proper  comprehension  of  the  true  connection  between  the  vari- 
ous phenomena. 

Finally,  bradycardia  occasionally  occurs  in  nervous  diseases  of  the 
heart.  In  many  cases  of  this  kind  cerebral  irritation  of  the  vagus  is  not 
at  all  improbable. 

Retardation  of  the  heart-beat,  especially  when  it  is  marked,  causes  a  diminu- 
tion of  the  blood-pressure  on  account  of  insufficient  filling  of  the  aorta.  At  first 
it  is  possible  that  the  anemia  of  the  aorta,  due  to  the  increase  in  the  length  of  the 
pauses,  may  be  compensated  by  an  increase  of  the  pulse  volume  [systolic  output — 
Ed.].  But  when  the  bradvcaraia  becomes  extreme,  this  is  impossible  and  the  blood- 
pressure  falls.  Besides,  tne  condition  which  is  responsible  for  the  change  in  the 
freauency  is  often,  at  the  same  time,  the  cause  of  the  diminution  in  the  strength 
of  tne  contractions. 

The  prognostic  significance  of  bradycardia  depends  chiefly  on  its 
cause.  It  is  extremely  grave  in  infectious  myocarditis;  in  sclerosis  of 
the  coronary  arteries  it  may  be  well  borne  for  years,  but  is  always  a  positive 
sign  that  some  grave  process  is  at  work  in  the  heart. 

[It  is  imfortunate  that  the  same  term  (slow)  should  be  used  for  an 
infrequent  pulse  (pulsus  rams)  and  a  pulse  with  a  slow  wave  (pulsus 
tardus).  The  word  infrequent  is  better  for  the  former.  The  terms 
infrequent  pulse  and  bradycardia  are  not  exactly  synonymous.  The 
heart  may  beat  infrequently,  but  heart-beat  and  pulse  correspond.  Or 
the  heart  may  beat  "at  the  normal  or  even  at  an  increased  rate,  and 
yet  a  'rare'  pulse  is  found  at  the  radial."  Wenckebach  classifies  these 
in  groups  according  to  their  dependence  upon — (1)  "extra-systoles, 
which  may  not  be  perceptible  in  the  peripheral  arteries,  and  when  they 
occur  regularly  may  even  produce  a  pulse  with  half  the  frequency  of  that 
of  the  heart.  (2)  True  bigeminy  of  the  heart.  (3)  Ventricular 
systoles  which  drop  out  or  cannot  be  felt  at  the  periphery.  In  such 
cases  the  systoles  drop  out  as  the  result  of  grave  disturbance  of  the  stimu- 
lus conduction  or  the  excitability:  i,  J  or  J  frequency  can  then  occur 
(heart-block)."  In  alternating  action  "the  weaker  systole  may  not  be 
perceptible  at  the  periphery,  and  there  may  be  produced  a  half  frequency 
of  the  pulse." 

"In  all  cases  of  pulsus  rarus,  therefore,  we  have  to  decide  whether 

♦  Dehio,  "Petersburger  medicinische  Wochenschrift,"  1892,  No.  1. 
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bradycardia  is  really  present,  or  some  process  obscuring  the  normal 
frequency.  Extra-systoles  can  be  easily  recognized.  In  a  case  where 
the  frequency  is  reduced  in  a  definite  proportion,  we  would  first  think 
of  heart-block."*— Ed.] 

Disturbances  of  the  Cardiac  Rhythm,  IrregiUarUy  and  InequalUy  of  the 
Heart  Action.-f — ^The  cardiac  contractions  in  a  healthy,  middle-aged 
individual  follow  one  another  approximately  at  regular  intervals  and  are 
of  uniform  strength,  or,  at  any  rate,  appear  so  to  an  observer  who  bases 
his  judgment  on  his  sense  of  touch  and  on  auditory  impressions.  A 
cardiographic  record  of  the  movements  of  the  heart,  taken  either  at  the 
apex-beat  or  over  some  artery,  shows,  when  the  individual  periods  are 
measured,  that  even  in  a  healthy  individual  the  fluctuations  in  the  duration 
of  the  pulset  are  not  inconsiderable;  that  is  to  say,  the  time  that  inter- 
venes between  the  beginning  of  one  beat  and  the  beginning  of  the  next 
is  quite  variable. 

Since  it  is  inconceivable  that  the  length  of  contraction  should  be  sub- 
ject to  marked  variations  under  identical  conditions,  the  variations  in 
the  duration  of  the  pause  may  be  accepted  as  a  positive  fact.  These 
variations  not  infrequently  amount  to  several  tenths  of  a  second  and 
represent  such  a  considerable  percentage  of  the  entire  *' pulse-duration" 
that  it  seems  remarkable  they  should  escape  one's  sense  of  touch.  Per- 
haps, however,  this  is  partly  due  to  our  ingrained  views  in  regard  to  the 
regularity  of  the  heart-beat  in  healthy  individuals;  for  who  can  deny  the 
powerful  influence  of  firmly  rooted  convictions  even  in  the  keenest  ob- 
server? 

These  "normal"  fluctuations  in  the  duration  of  diastole  persist  under 
a  great  variety  of  conditions;  even  when  the  cardiac  activity  is  profoundly 
affected — so  much  so  that  the  organ  does  absolutely  less  work — the  irregu- 
larity need  not  necessarily  become  greater.  In  fact,  we  know  of  some 
conditions,  such  as  muscular  movements,  which  distinctly  diminish  the 
irregularity.  Perhaps  the  latter  act  by  diminishing  the  tone  of  the  vagus; 
for  this  nerve,  in  addition  to  its  retarding  influence,  also  causes  irregular- 
ity, and  if,  therefore,  its  irritability  is  diminished,  the  pulse  may  evidently 
become  accelerated  and  more  regular. 

A  healthy  child  presents  sometimes  during  rest,  and  quite  frequently 
under  the  influence  of  a  variety  of  bodily  and  mental  emotions,  marked 
irregularities  of  the  heart-beat  concerning  the  cause  of  which  we  are 
absolutely  in  the  dark.§  The  same  phenomenon  is  not  rare  in  older 
individuals,  in  whom,  however,  sclerosis  of  the  coronary  arteries  may 
possibly  play  a  part. 

The  rh3rthm  of  the  heart-beat  may  be  disturbed  in  a  great  variety  of 

*  Wenckebach,  "  Arhythmia  of  the  Heart,"  English  translation,  p.  178. 

t  Rieeel,  "Die  I^ehre  von  der  Herzirregularitat,"  etc.,  Wiesbaden,  1891.  Ibid., 
"Archiv  Ittr  klinische  Medicin,"  vol.  xviii,  p.  94;  vol.  xx,  p.  465.  Nothnagel, 
ibid.,  vol.  xvii,  p.  192.  Sommerbrodt,  iWd.,  vol.  xix,  p.  392;  vol.  xxiii,  p.  642. 
Schreiber,  "Arcniv  fQr  experimentelle  Pathologie,"  vol.  vii,  p.  317.  Heidenhain, 
"Pflttger's  Archiv,"  vol.  v,  p.  143.  Knoll,  "Wiener  Sitzungsberichte,"  66,  vol. 
iii,  p.  195.  Heubner,  "Zeitschrift  fQr  klinische  Medicin,"  vol.  xxvi,  p.  493.  Eb- 
stein,  "Archiv  fQr  klinische  Medicin,"  vol.  Ixv,  p.  81.  Dehio,  " Petersburger  med- 
icinische  Wochenschrift,"  1890. 

1  K.  Yierordt,  "Die  Lehre  vom  Arterienpuls,"  Braunschweig,  1855.  von  der 
MQhll,  "Archiv  ftir  klinische  Medicin,"  vol.  xlix,  p.  348.  Hfisler,  ibid.,  vol.  liv,  p. 
229.  HQrthle,  "Deutsche  medicinische  Wochenschrift,"  1892.  No.  4.  Frangois- 
Franck,  "Gaz.  des  hop.,"  1877,  No.  68,  Abstract  Virchow-Hirsch,  1877,  ii,  p.  188. 

§  See  Heubner,  in  "Zeitschrift  fQr  klinische  Medicin,"  vol.  xxvi,  p.  493. 
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-ways.  First  of  all,  periods  of  rapid  heart-beats  alternate  with  periods 
when  the  pulsations  are  slower,  and  sometimes  the  alternation  depends 
on  the  phases  of  the  respiration. 

Or  the  pauses  between  the  beats  are  lengthened  or  shortened,  as  the 
•case  may  be,  in  comparison  with  their  duration  in  health.  This  irregu- 
larity may  be  observed  in  a  great  many  different  forms;  for  example, 
every  ten  or  twelve  beats,  or  at  even  longer  intervals,  a  systolic  contraction 
occurs  ahead  of  time  or  is  omitted  altogether.  On  the  other  hand,  the 
irregularity  may  be  so  marked  that  even  to  the  sense  of  touch  no  one 
pause  appears  to  be  equal  to  any  other  (delirium  cordis). 

In  this  matter  of  irregularity  there  are  certain  most  interesting  groups 
which  result  in  the  production  of  a  kind  of  system  in  the  irregularity 
(allorrh3^hmia,  or  regular  irregularity — Ed.].  Thus,  for  example,  there 
may  be  two  systolic  contractions  in  rapid  succession,  followed  by  a  longer 
pause  {jyulsus  bigemirms);  or  the  longer  pause  occurs  after  three  systolic 
contractions  in  regular  succession  (pitfetw  trigeminies).  Strong  and  weak 
cardiac  contractions  may  follow  one  another  in  regular  alternation,  pro- 
ducing the  so-called  fulsus  oMemans. 

Wenckebach,  in  an  interesting  treatise,  showed  that  in  numerous 
cases  the  irregularity  of  the  heart's  action  consists  in  the  appearance  of 
(premature)  extra-systoles.  If  the  next  succeeding  normal  stimulus 
to  contraction  coincides  with  the  refractory  phase  of  this  extra-systole, 
it  is  unable  to  produce  a  contraction  of  the  muscle;  the  normal  systole 
then  fails  to  take  place,  and  the  time  that  elapses  between  two  regular 
contractions  corresponds  with  tolerable  accuracy  to  two  cardiac  cycles. 
The  strength  of  the  extrangystole  itself  varies  according  to  the  phase  of 
cardiac  activity  with  which  it  coincides;  that  is,  according  to  the  irrita- 
bility of  the  heart.  A  combination  of  several  of  these  extra-systoles 
may  give  rise  to  very  marked  disturbances  of  the  rhythm. 

Wenckebach*  suggests  that  this  phenomenon,  due  to  the  occurrence 
of  extra-systoles  with  maintenance  of  the  original  rhythm  of  the  heart, 
should  be  distinguished  from  genuine  arhythinia,  and  proposes  the  term 
"pararhythmia."  He  believes  the  distinction  to  have  some  prognostic 
significance.  My  own  urgent  advice  in  matters  of  this  kind  is  to  leave 
the  decision  entirely  to  bedside  experience;  as  far  as  I  can  see,  the  latter 
does  not  as  yet  permit  us  to  draw  any  positive  conclusions  in  regard  to  diag- 
nosis and  prognosis  in  disease  from  these  finer  differences  in  the  type 
of  the  irregularity. 

The  important  results  obtained  by  Engelmannf  in  his  excellent  work 
in  regard  to  the  physiologic  conditions  of  cardiac  rhythm  promise  to  throw 
an  interesting  light  on  many  of  these  questions  and  are  destined  to  be 
of  much  value  in  helping  us  to  understand  these  disturbances.  To  Wencke- 
bach we  are  indebted  for  many  beautiful  observations.  J  But  before 
we  can  think  of  discussing  these  matters  generally,  our  data  and  our  ex- 
perience will  have  to  be  considerably  enlarged. 

Even  in  these  conditions  simple  irregularity  of  the  heart-beat  cannot 
be  strictly  separated  from  fluctuations  in  the  voliune  of  the  heart-beat. 

♦Wenckebach,  "JZeitschrift  iHr  klinische  Medicin,"  vol.  xxxVi,  p.  181. 

tEngelmann,  "Pflttger's  Archiv,"  Hi,  p.  357;  xvl,  p.  149;  lix,  p.  309;  Ixi.  p. 
275;  Ixii,  pp.  400  and  543;  Ixv,  pp.  109  and  535.  ^'^  Untersuchungen  aus  aem 
physiologiscnen  Laboratorium  in  Utrecht,"  iv,  1896. 

t  Wenckebach,  "Zeitschrift  ftir  klinische  Medicin,"  xxxvii,  p.  475;    xxxix,  p. 
293.     ''Ck>ngress  fUr  innere  Medicin,"  1900,  p.  182. 
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For  during  a  longer  pause  the  ventricles  generally  fill  more  completely 
than  during  a  shorter  pause,  and  then,  of  course,  the  succeeding  contrac- 
tion forces  more  blood  out  of  the  heart;  besides,  as  has  already  been  men- 
tioned, extrarsystoles  vary  in  the  results  they  produce  according  to  the 
phase  of  irritability  with  which  they  coincide. 

However,  the  inequality  in  the  size  of  the  individual  systolic  contrac- 
tions is  not  always  ascribable  to  fluctuations  in  the  duration  of  the  pause; 
for  there  is  no  doubt  that  a  diseased  heart  not  infrequently  presents  a 
primary  irregularity  in  its  various  systoles.  Such  an  irregularity  may 
occur  independently;  but  more  frequently  irregularity  and  inequality 
of  heart  action  go  hand  in  hand  and  may  obviously  give  rise  to  the  greatest 
variety  of  clinical  pictures. 

Marked  irregularity  in  the  cardiac  contractions,  so  great  as  to  be 
unmistakable  even  to  the  palpating  finger,  is  particularly  common  in 
the  diseases  with  which  we  are  here  concerned.  In  the  first  place,  such 
irregularity  occurs  in  the  wake  of  disease  of  the  muscle.  Here  again  the 
conditions  are  extremely  complicated  in  so  far  as  we  have  not  as  yet 
attained  an  accurate  knowledge  of  the  causal  connection. 

There  is  no  doubt  that  recent  inflammatory  changes  in  the  heart  muscle 
and  the  related  condition  of  loss  of  individual  muscle-fibers  from  sclerosis 
of  the  coronary  arteries  very  frequently  produce  irregularity  of  the  heart- 
beat. But  even  under  these  cuxjumstances  the  irregularity  may  not  be 
present,  just  as  it  may  be  absent  in  simple  degenerative  changes  of  the 
muscle-fibers. 

After  what  has  been  said  above  in  regard  to  the  automatism  of  the 
heart  muscle,  it  is  not  difficult  to  understand  that  changes  in  the  muscle 
should  have  a  considerable  influence  on  the  heart-beat;  and  as  inflamma- 
tory processes  cause  irritative  phenomena  in  the  same  way  as  the  infarcts 
which  occur  in  the  wake  of  coronary  sclerosis,  there  is  nothing  peculiar 
about  their  exerting  a  special  influence.  The  disturbance  of  the  rhythm 
which  occurs  in  simple  stenosis  of  the  coronary  vessels  may  also  be  in- 
cluded in  this  category;  for  cellular  anemia  produces  irritative  con- 
ditions. 

We  must  try  to  understand  why  these  factors,  which  have  the  general 
faculty  of  disturbing  the  cardiac  action,  produce  such  a  result  in  one  pa- 
tient and  do  not  produce  it  in  another  under  apparently  identical  condi- 
tions. A  number  of  possibilities  must  be  taken  into  account.  It  is  well 
known  that  poisons  have  a  considerable  influence  on  the  rhythm  of  the 
heart.  Now  toxic  material  is  not  only  produced  during  infectious  pro- 
cesses, but  also  results  from  the  death  of  body  tissues,  in  this  case  of  mus- 
cle-fibers; and  the  differences  in  the  toxic  material  thus  produced  may 
possibly  be  responsible  for  the  differences  observed  in  the  symptoms. 
While  this  is  only  a  surmise,  it  is  not  beyond  the  possibilities.  Another 
point  must  also  be  borne  in  mind:  the  rhythm  of  the  heart-beat  is  deter- 
mined at  the  orifices  of  the  large  veins.  We  ought,  therefore,  to  find  out 
accurately  to  what  extent  the  muscles  at  these  orifices  take  part  in  the 
inflammatory  processes — i,  e.,  the  irregularity  possibly  depends  on  the 
disease  focus  being  localized  at  a  definite  point.  We  are  not  without 
some  observations  in  support  of  such  a  hypothesis.  Radasewsky,*  under 
Dehio's  guidance,  observed  in  certain  hearts  which  exhibited  marked 
arhythmia  that  the  disease  chiefly  affected  the  musculature  of  the  auricles. 
This  was  observed  in  cases  of  chronic  myocarditis.  Our  investigations 
*  Radasewsky,  "  IZeitschrift  fOr  klinische  Medicin/'  xxvii,  p.  381. 
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in  this  line  should  be  still  further  extended  for  the  purpose  of  proving 
that  the  same  thing  applies  to  other  changes  in  the  muscle. 

In  many  cases  the  occurrence  of  irregular  contractions  is  due  to  a 
marked  increase  in  the  pressure  within  the  arteries  and  the  cavities  of 
the  heart.  Knoll*  has  shown  that  in  animal  experiments  increase  of  the 
arterial  pressure  produces  an  irregularity  and  an  inequality  of  the  heart- 
beat quite  independently  of  the  vagus  and  its  terminal  apparatus,  solely 
by  its  direct  influence  on  the  heart.  This  fact  has  often  been  utilized  to 
explain  the  various  forms  of  arhj^hmia  occurring  during  disease — and 
not  without  reason,  if  abnormal  filling  of  the  heart  is  assumed  as  the  inter- 
mediate factor,  but  not  so  if  the  latter  is  sought  in  the  increased  pressure. 
For,  while  most  cases  of  arhjrthmia  observed  at  the  bedside  occur  when 
the  cavities  of  the  heart  are  overfilled,  they  are  not  associated  with  vigor- 
ous cardiac  contractions  and  a  high  arterial  pressure,  but,  on  the  contrary, 
with  a  small  and  soft  pulse.  In  fact,  the  overfilling  of  the  heart  is  the 
result  of  this  condition  of  the  pulse. 

There  is  no  doubt  that  this  offers  a  fruitful  field  for  accurate  observa- 
tion and  keen  inductive  reasoning.  Henschen'sf  explanation  of  jndsus 
bigeminus  in  a  case  of  insufiiciency  and  stenosis  of  the  mitral  valve  I  hail 
as  a  most  interesting  attempt. 

Whether,  and  to  what  extent,  the  nervous  apparatus  of  the  heart  in 
diseases  of  the  muscle  takes  a  part  in  the  production  of  the  irregular 
rhythm  we  are  not  as  yet  in  a  position  to  say.  It  is  quite  possible,  and 
various  causal  relations  are  conceivable.  Thus,  for  example,  an  inflamma- 
tory process  may  attack  ganglion-cells  and  nerves  as  well  as  muscles. 
For  the  present,  however,  it  is  impossible  to  set  up  any  elaborate  theory, 
because  we  have  no  physiologic  or  pathologic  data  on  which  to  base  such 
a  theory.  This  candid  admission,  however,  is  not  to  be  mistaken  for  an 
expression  of  the  foolish  view  that  the  ganglion-cells  have  no  significance. 

In  cases  of  cardiac  disturbances  which  follow  excessive  exertion  or 
liberal  indulgence  in  wine  and  beer,  or  both  of  these  factors  together,  the 
conditions  are  very  much  more  complicated  and  very  obscure,  as  we  shall 
have  to  show  later  on.  A  great  many  different  kinds  of  disturbances 
of  the  heart  action  are  observed  which  we  are  as  yet  unable  to  understand. 

In  the  so-called  nervous  diseases  of  the  heart,  also,  disturbances  of 
the  rhythm  are  not  infrequently  observed  which  again  are  most  difficult 
of  interpretation.  Later  I  shall  attempt  to  explain  at  some  length  what 
we  mean  by  a  nervous  disturbance  of  the  heart.  I  may,  however,  state 
at  once  that  we  have  to  deal  with  subjective  and  objective  cardiac  dis- 
turbances due  to  some  nervous  influence.  Now,  it  is  well  known  that 
nervous  influences  are  capable  of  markedly  affecting  the  heart-beat — not 
only  its  frequency,  but  also  its  rhythm.  I  need  only  refer,  for  example, 
to  the  influence  of  the  vagus  or  to  the  significance  of  psychic  emotion. 
The  individual  ways  in  which  this  influence  exerts  itself  in  disease  are 
quite  beyond  our  ken  at  present,  and  nothing  whatever  is  gained  by 
indulging  in  h3rpotheses  in  regard  to  the  question  because  there  is  abso- 
lutely no  foundation  for  them.  We  cannot  help  asking,  however:  What 
is  the  form  of  these  rhythmic  disturbances?  Have  they  any  special 
characteristics? 

*  Knoll,  "  Wienel"  Sitzungsberichte.  Mathematisch-physikalische  Claase,"  Ixv, 
iii,  6.  p.  221;  and  "Archiv  fOr  experimentelle  Pathologie,"  ix,  p.  408. 

T  Henschen,  ''Arbeiten  aus  aer  medicinischen  Klinik  in  Upsala,"  Jena,  1898, 
p.  14. 
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There  is  no  doubt  that  disturbances  of  the  cardiac  rhythm  manifest 
themselves  in  a  large  number  of  nervous  individuals  ranging  from  such 
as  may  be  still  considered  healthy  to  the  most  pronounced  neurasthenics. 
These  disturbances  very  frequently  take  the  form  of  periodic  fluctuations 
in  the  frequency  of  the  pulse,  a  series  of  rapid  beats  following  a  series  of 
slower  pulsations  in  more  or  less  rapid  succession.  This  is  not  all,  how- 
ever. Fluctuations  in  the  duration  of  individual  pauses,  as  well  as  fluctua- 
tions in  the  volume  of  the  pulse,  also  occur  from  purely  nervous  causes. 

This  point  requires  careful  investigation.  It  is  of  the  highest  theoretic 
importance,  but,  above  all,  it  is  of  importance  practically,  that  is  to  say, 
in  a  diagnostic  sense.  It  will  be  discussed  in  greater  detail  in  the  section 
devoted  to  Nervous  Disturbances  of  the  Heart. 

The  above  observations  and  considerations  refer  chiefly  to  simple 
disturbances  of  rhythm,  but  these  cannot  be  strictly  separated  from 
fluctuations  in  the  volume  of  the  pulse.  For,  if  the  periodic  stimulus 
to  contraction  (systole)  begins  in  the  muscles  around  the  venous  orifices, 
and  if  the  individual  contractions  are  of  uniform  strength  in  health,  it 
must  be  assumed  that  these  stimuli  not  only  follow  one  another  at  imiform 
intervals,  but  also  that  they  are  of  uniform  strength.  In  other  words, 
inequality  of  the  heart  action  may  quite  easily  be  due  to  disease  of  the 
auricular  musculature.  It  remains  to  be  investigated  what  it  is  that 
causes  either  abnormal  excitation  or  altered  irritability  at  these  points. 

A  special  form  of  disturbance  of  the  heart-beat  exists  in  the  so-called 
hemisystole.  In  this  condition  either  the  ventricles  are  supposed  to  con- 
tract alternately  (true  hemisystole)  or  a  contraction  of  the  entire  heart 
is  followed  by  contraction  of  one  ventricle  only  (alternating  systole). 

In  my  opinion  the  ventricles  are  capable  of  contracting  independently 
of  one  another;  at  least  the  arrangement  of  the  musculature  makes  it 
possible,  and  I  believe  I  have  often  observed  in  the  animal  that  it  actually 
occurs.  Frank  and  F.  Voit,*  it  is  true,  are  very  skeptical  on  this  point; 
but  the  divergence  of  opinions  is  probably  due  to  the  fact  that  these  two 
investigators  were  unable  to  produce  the  phenomenon  artificially  and, 
therefore,  regarded  its  occurrence  as  impossible.  I  have  frequently 
observed  it  accidentally  in  animal  experiments,  although  I  confess  I  am 
imable  to  give  any  reasons  or  state  the  conditions  necessary  for  its  produc- 
tion. 

Observations  have  been  made  on  man  which  can  be  interpreted  in 
the  same  way.  But  it  is  hardly  possible  in  an  individual  case  to  prove 
that  the  interpretation  given  is  the  only  possible  and  the  only  correct  one. 
For,  as  Riegelf  very  correctly  points  out,  a  bigeminal  pulse  in  which  a 
weak  systole  rapidly  follows  a  vigorous  contraction  must  yield  very 
similar  or  identical  signs. t  Nor  does  it  seem  altogether  right  to  attempt 
a  sharp  distinction  between  the  various  conditions,  as  it  is  probable  that 
a  great  many  transitional  forms  exist.  Information  in  regard  to  all  these 
points  will  be  found  in  the  works  referred  to.  It  does  not  seem  right  for 
us  to  enter  into  the  subject  more  fully  at  this  point,  for  we  do  not  believe 
that  in  the  present  state  of  our  knowledge  the  significance  of  these  matters 
is  definite  enough  to  make  them  of  value  in  interpreting  a  morbid  condi- 
tion. For  the  present  all  they  can  be  said  to  indicate  is  some  profoimd 
disturbance  of  the  heart  action. 

*  Frank  and  F.  Voit,  " Archiv  fQr  klinische  Medicin;"  xv,  p.  680. 

t  Riegel,  loc,  cit. 

t  Unverricht  "Berliner  klinische  Wochenschrift,"  1890,  No.  26, 
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EXAMINATION  OF  THE  BLOODuVESSELS* 

The  examination  of  the  arteries  is  of  the  very  greatest  importance. 
From  the  nature  and  condition  of  the  vessels  and  the  processes  taking 
place  in  them  we  can  derive  a  great  deal  of  positive  information  in  regard 
to  the  condition  of  the  circulation  in  the  individual  organs.  For  the 
circulation  in  the  various  parench3rmatous  tissues  may  be  infiuenced  by 
a  variety  of  causes,  and  especially  by  diseases  of  the  blood-vessels.  How- 
ever, it  is  not  our  province  to  enter  into  this  question;  we  have  to  do  only 
with  cases  in  which  disturbances  of  the  heart  represent  the  peccant 
element.  But  it  must  be  borne  in  mind  that  our  interest  in  diseases  of 
the  heart  in  the  last  analysis  depends  on  their  significance  in  the  blood- 
supply  of  parenchymatous  cells.  Hence,  although  we  are  chiefly  inter- 
ested in  the  disturbances  of  the  motor  organ,  we  must,  nevertheless,  devote 
our  attention  to  the  arteries  also.  In  the  first  place,  their  condition 
influences  the  heart  and,  therefore,  affords  information  in  regard  to  it; 
and,  in  the  second  place,  examination  of  the  arteries  at  the  present  time 
affords  us  the  best  means  of  judging  the  functional  power  of  the  heart. 

The  condition  of  the  arterial  waUs  is  determined  by  palpation,  not  only 
one,  but  many  different  vessels  being  examined:  the  temporal,  carotid, 
subclavian,  brachial,  radial,  femoral,  popliteal,  and  pedal  arteries  must 
be  most  carefully  examined  by  inspection  and  palpation.  We  must  see 
whether  the  vessel  is  tortuous;  whether  the  walls  are  hard  and  tense, 
as  a  whole,  or  contain  calcareous  plates  at  irregular  intervals. 

Before  drawing  his  conclusions  the  observer  should  distinguish  as 
accurately  as  possible  between  rigidity  of  the  vessel-wall  as  such  and  the 
degree  of  tension  due  to  the  height  of  the  blood-pressure.  To  determine 
this  point  the  artery  under  observation  is  compressed  and  the  wall  of  the 
peripheral  portion  is  examined  by  palpation  before  the  recurrent  wave 
has  entered  it.  The  blood-pressure  is  then  examined  according  to  the 
principles  to  be  laid  down  presently.  In  this  way,  by  observing  accurately 
and  duly  weighing  the  findings,  it  will  be  possible,  in  many  cases,  to  make 
this  distinction;  but  there  will  always  remain  a  large  number  in  which 
it  will  be  impossible,  or  at  least  inconclusive.  This  explains  various  diversi- 
ties of  opinion  in  regard  to  arteriosclerosis. 

Diffuse  hardening  of  the  arterial  wall  occurs  imder  circumstances  the 
nature  and  significance  of  which  we  do  not  as  yet  know  (compare  the 
section  devoted  to  the  Circulation  During  the  Period  of  Development), 
and,  in  addition,  in  chronic  nephritis  and  arteriosclerosis.  The  latter  is 
imdoubtedly  by  far  the  most  frequent  cause,  and  it  is  not  infrequently 
possible  in  this  disease  to  feel  the  individual  calcareous  deposits  dis- 
tinctly in  the  vessel-wall. 

Tortuosity  of  the  arteries  in  itself  has  not  the  same  significance;  for 
it  may  be  due  solely  to  an  increase  of  the  blood-pressure.  The  condition 
may  also  be  due  to  abnormal  softness  and  want  of  resistance  of  the  blood- 
vessel wall,  although  this  cause  need  hardly  be  considered  in  actual  prac- 
tice; for,  as  a  matter  of  fact,  diminished  elasticity  of  the  vessel-wall,  as 
a  rule,  represents  the  result  of  a  former  overdistention  from  heightened 
blood-pressure  or  of  arteriosclerosis,  or  both. 

We  next  note  the  character  of  the  blood-current  within  the  arteries. 

The  nature  of  the  current  within  the  arteries  depends,  as  every  one  knows,  on 
a  number  of  factors:  the  filling  and  emptying  of  the  heart;  the  condition  of  the 
arteries,  especially  their  resistance;    and,  finally,  the  influences  exerted  on  the 
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veins  (as,  for  example,  the  negative  pressure  of  the  heart  and  lun^,  muscular  move- 
ments, and  the  like).  But  of  all  these  factors,  the  heart  action  is  the  most  impor- 
tant and  probably  also  the  most  variable,  ana  under  veiy  many  circumstances  we 
are  perfectly  justified  in  basing  our  judgment  of  the  fimctional  activity  of  the  heart 
on  peculiarities  observed  in  the  arteries. 

In  the  arteries  we  note,  first  of  aU,  the  height  of  the  blood-preeaure. 

In  practice  the  blood-pressure  is  determined  by  feeling  the  tension  of 
the  radial  artery.  The  use  of  this  vessel  for  examination  is  sanctioned 
by  time-honored  custom,  and  there  are  many  good  reasons  for  it,  especially 
the  great  accessibility  of  the  vessel,  which  makes  it  possible  for  any  phy- 
sician to  perfect  himself  in  the  practice  of  feeling  the  pulse;  and  practice 
in  this  matter  is  most  necessary. 

The  surest  method  of  gau^ng  arterial  tension  consists  in  determining  how  much 
muscular  strength  the  palpatmg  finger  must  exert  in  compressing  the  radial  artery 
against  the  bone  so  as  to  cause  disappearance  of  the  pulse  beyond  the  part  com- 
pressed. A  good  way  is  to  compress  the  radial  artery  against  the  styloid  process 
with  one  index-finger  while  feeling  for  the  disappearance  of  the  pulse  with  the  other. 
[Still  better,  to  use  three  fingers,  and  compress  alternately  with  one,  while  feeling 
the  vessel  with  the  others. — -Ed.]  In  practice,  however,  this  is  not  often  done,  as 
the  same  fiinger  is  generally  used  to  compress  the  artery  and  feel  the  pulse. 

It  is  true  that  we  can  only  estimate  the  blood-pressure  in  this  way.  The  accu- 
racy of  estimates  thus  obtained,  however,  is  quite  sufficient  for  the  needs  of  ordi- 
nary practice,  provided  the  examination  is  always  made  with  due  care  and  by  a 
practised  finger. 

In  this  way  it  is,  of  course,  the  maximal  pressure  that  is  found,  but  this  is  not  an 
important  point;  for  one  sains  at  the  same  time  a  sufficiently  accurate  idea  of  the 
mean  pressure,  as  the  pathologic  fluctuations  of  the  latter  are  much  greater  than 
the  relatively  small  difference  between  maximum  and  mean  pressure. 

[Much  can  be  discovered  by  a  cultivated  pulse  palpation,  but  certain 
possibilities  of  error  must  be  recognized  at  the  outset.  Maximum  pressure 
pan  be  estimated  with  great  accuracy  in  some  cases,  and  in  these  the 
greater  the  experience,  the  more  accurate  the  guess.  In  some  other  cases 
the  expert  realizes  that  he  cannot  make  a  guess  that  satisfies  himself;  and 
in  still  others,  in  general  the  most  important  cases  on  account  of  the 
pathologic  conditions,  the  guess  even  of  an  expert  may  be  wide  of  the  mark 
— sometimes  as  much  as  80  to  100  mm.  These  statements  are  based  upon 
several  years'  experience  in  which  several  clinicians  of  varying  length 
of  training  have  recorded  guesses  made  after  careful  palpation,  and  com- 
pared the  record  with  the  results  of  various  blood-pressure  apparatus. 
Careful  training,  comparing  palpatory  impressions  with  sphygmomano- 
meter findings  and  sphygmograms,  will  make  one  more  accurate,  but 
also  more  reserved,  in  the  interpretation  of  the  pulse  by  the  touch. — Ed.] 

For  determining  the  mean  and  maximum  blood-pressure  in  animals  more  accu- 
rate methods  are  available,  as  it  is.  of  course,  permissible  to  open  an  animal's  arte- 
ries. After  many  experiments  ana  much  effort  expended  in  tnis  direction  we  now 
have  instruments  of  precision  for  man  which  can  be  used  without  causing  any 
injury  whatever.  I  will  mention  two  methods — that  of  v.  Basch*  and  that  of  Kiva- 
Rocci.f  The  principle  of  both  of  these  instruments  consists  in  measuring  the 
pressure  necessary  to  cause  complete  compression  of  an  artery  (in  the  case  of 
V.  Basch's  instrument  the  radial  or  temporal;  in  the  case  of  Riva-Rocci's,  the 
brachial).  By  compression  is  meant  obliteration  so  that  the  pulse  disappears  at 
the  periphery.  In  Doth  cases,  therefore,  we  measure  the  maximum  of  the  arterial 
pressure  plus  the  pressure  necessary  to  overcome  the  rigidity  of  the  vessel-wall 

*v.  Basch,  "Zeitschrift  far  klinische  Medicin,"  vol.  ii,  p.  79.  Ibid.,  "Berliner 
klinische  Wochenschrift,''  1887,  No.  11  and  12. 

tGumprecht,  "Zeitschrift  far  klinische  Medicin,"  vol.  xxxix,  p.  337.  Hensen, 
"Archiv  far  klinische  Medicin,"  vol.  Ixvii,  p.  436. 
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and  the  covering  soft  parts.  The  sum  of  these  two  factors  is  unquestionably  very 
inconstant,  and  under  certain  circumstances,  such  as  arteriosclerosis,  for  example, 
is  probably  much  greater  than  is  generally  stated.  In  Riva-Rocci's  method  it 
seems  to  me  the  influence  of  the  muscle  tone  in  the  upper  arm  should  not  be  under- 
estimated, and  I  am  sure  that  this  factor  has  not  as  yet  been  sufficiently  investigated. 
Hence,  in  comparing  the  blood-pressure  in  different  individuals,  both  methods 
must  be  used  with  a  certain  caution;  but  the  fluctuations  in  the  blood-pressure  in 
the  same  individual  can  be  quite  accurately  determined  by  means  of  either. 

[Instruments  of  the  von  Basch  type  are  now  superseded  by  those  of 
the  Riva-Rocci  type.  Of  these,  the  modifications  of  Cook,  Stanton,  and 
Janeway  are  all  useful,  but  should  be  supplied  with  the  wide  cuff  (10  to 
15  cm.,  usually  12  cm.),  as  recommended  by  von  Recklinghausen.  Such 
instruments  readily  give  the  systolic  pressure,  and  this  alone  is  of  great 
value,  since  it  shows  **the  strain  to  which  the  arteries  are  subjected" 
(Erlanger)  and  furnishes  therapeutic  indications  in  diseases  with  high 
arterial  tension.  But  from  a  broader  standpoint,  and  in  many  clinical 
conditions,  it  is  essential  to  know  the  diastolic  pressure,  since  this  is  nearer 
to  the  mean  pressure.  The  most  accurate  apparatus  is  that  of  Erlanger, 
but  its  use  must  be  restricted  to  the  clinic  and  consulting-room.  For 
medical  purposes  it  is  fortunate  that  it  is  sometimes  possible  to  estimate 
the  diastolic  pressure  with  considerable  accuracy  by  methods  applicable 
to  the  simple  blood-pressure  machines  mentioned  above.  One  of  these 
depends  upon  the  fact  that,  as  the  mercury  in  the  manometer  nears  the 
point  of  minimum  pressure,  it  shows  wide  oscillations — ^usually  they 
should  be  not  less  than  5  mm.  They  are  more  frequently  seen  in  cases 
with  large  pulses.  Strasburger's  method  consists  in  determining  when 
the  radial  pulse  suddenly  becomes  distinctly  smaller  as  the  pressure  rises 
in  the  tube,  or,  conversely,  when  the  pulse  becomes  larger  as  the  mercury 
falls.  Both  methods  require  practice,  and  in  many  cases  fail.  Sahli's 
method,  by  noting  the  change  in  the  height  of  the  sphygmogram  at  dif- 
ferent stages  of  pressure  on  the  artery  above,  is  not  really  simpler  than 
Erlanger's,  and  not  more  easily  applied.  The  details  of  the  important 
matter  of  sphygmomanometry  cannot  be  included  here.  There  is  a  large 
and  rapidly  growing  special  literature.  See  especially  Janeway,  T.  C., 
"The  Clinical  Study  of  Blood-pressure,"  New  York,  1904.  Morris  and 
Edmunds, "  Observations  on  the  Blood-pressure  in  Disease,"  "The  Medi- 
cal News,"  January  14,  1905.  A.  D.  Hirschfelder,  "Some  Observations 
upon  Blood-pressure  and  Pulse  Form,"  "The  Johns  Hopkins  Hospital 
Bulletin,"  June-July,  1907,  p.  262.— Ed.] 

The  magnitude  of  the  blood-pressure  or,  as  the  physician  expresses 
himself,  the  tension  (hardness)  of  the  pulse,  depends  on  the  relation  ex- 
isting between  the  quantity  and  velocity  of  the  column  of  blood  that 
enters  the  root  of  the  aorta  and  the  arterial  resistance.  We  know  that 
diminution  of  the  latter  alone  may  produce  considerable  lowering  of  the 
blood-pressure;  but  more  frequently  abnormal  softness  of  the  pulse  must 
be  ascribed  to  insufficient  contraction  or  filling  of  the  left  ventricle. 
Hence  the  tension  of  the  pulse  is  the  most  important  criterion  of  the  ac- 
tivity of  the  left  ventricle  that  we  possess.  We  have  no  better.  That 
is  why  it  is  so  very  important  for  the  physician  to  test  the  blood-pressure. 

Another  point  that  interests  us  in  the  arteries  is  the  degree  of  distention; 
this  also  depends  on  the  relation  between  influx  and  efflux — that  is  to  say, 
if  we  regard  the  latter  as  uniform,  it  depends,  above  all,  on  the  volume 
of  blood  expelled  from  the  left  ventricle  at  each  pulsation.  Accordingly, 
we  also  find  arteries  containing  a  relatively  small  quantity  of  blood. 
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"empty"  arteries,  chiefly  when  the  contractions  of  the  left  ventricle  are 
incomplete,  a  condition  present  in  so  many  diseases  of  the  heart.     It  is  ' 
obvious  that  an  empty  pulse  is  practically  always  a  soft  pulse. 

In  order  to  recognize  the  degree  of  distention  of  the  arteries  the  periphery  or 
diameter  of  a  known  vessel  is  determined.  By  lone  practice  the  physician  must 
learn  whether  the  vessel  corresponds  to  the  individual's  age  and  general  conditions- 
of  life  or  not.  In  making  this  observation  the  character  of  the  vessel-wall  must, 
of  course,  be  carefully  taken  into  account;  if  the  wall  is  abnormally  yielding,  the 
pulse  may  well  be  abnormall^r  full,  but  there  is  usually  no  difficulty  in  recognizing 
and  distinguishing  this  condition. 

By  the  size  of  the  pulse  in  an  artery  we  mean  the  increment  in  the  size 
of  the  vessel  that  is  produced  by  the  passage  of  the  pulse-wave.  Thia 
increment  depends  partly  on  the  relation  existing  between  the  pulse- 
volume  [systolic  outflow — Ed.]  and  the  time  in  which  the  left  ventricle 
empties  itself,  and  partly  on  the  distensibility  of  the  arteries;  in  addition, 
there  is  the  behavior  of  the  secondary  (reflected)  waves.  With  certain 
reservations,  therefore,  a  large  pulse  may  be  regarded  as  an  index  that 
copious  quantities  of  blood  are  being  expelled  from  the  left  ventricle,  and 
a  small  pulse  is  in  many  cases — especially  when  the  condition  of  the  vessels 
is  known — a  direct  and  most  important  sign  of  incomplete  emptying  of 
the  left  ventricle.  Here,  again,  it  is  obvious  that  a  small  pulse  is  soft 
and  frequently  also  empty. 

It  is  c^uite  possible  to  determine  differences  of  size  with  the  palpating  finger 
with  sufficient  accuracy  for  practical  work.  Here,  again,  the  importance  of  prac- 
tice cannot  be  too  stronely  insisted  upon;  it  is  much  easier  to  learn  to  determine 
the  size  of  the  pulse  with  considerable  accuracy  than  it  is  to  become  proficient  in 
judging  the  tension  of  the  pulse  and  in  recognizing  the  various  types  of  pulse,  which 
will  be  mentioned  presently. 

An  exact  quantitative  method  for  determining  the  size  of  the  pulse 
consists  in  taking  the  volume  curve  with  a  graduated  plethysmograph.* 
We  merely  mention  this  for  the  benefit  of  the  investigator  who  wishes  to 
discover  new  facts  in  regard  to  the  physiology  or  pathology  of  the  circula- 
tion. The  physician  may  dispense  with  the  procedure  at  present  because 
it  is  not  yet  established  on  a  practical  foundation.  From  the  volume 
curvet  the  velocity  of  the  blood-current  in  the  arteries  of  the  extremitiea 
in  man  can  be  calculated,  or  it  can  be  more  conveniently  determined 
directly  by  v.  Kries't  method.  In  the  hands  of  expert  pathologists  this- 
method  is  no  doubt  destined  to  produce  much  valuable  information. 
We  shall  not  enter  into  a  discussion  of  it,  however,  because  it  is  not  suflS- 
ciently  well  founded  to  be  of  any  use  to  the  physician. 

Certain  phenomena  of  the  arterial  pulse,  namely,  its  frequency,  regu- 
larity, and  uniformity — I  take  for  granted  that  it  is  not  necessary  to 
define  these  expressions — are  directly  and  without  reservation  dependent 
upon  the  activity  of  the  -heart. 

Here,  again,  the  results  obtained  by  palpation  are  quite  sufficient  for  practical 
purposes;  but,  if  many  of  the  pulses  arc  small,  the  examination  must  be  made 
on  an  artery  situated  more  centrally  than  the  radial.  Under  certain  circumstances 
the  frequency  is  best  determined  by  palpation  or  auscultation  of  the  heart,  a  method 

♦  See  V.  Frey,   "Die  Untersuchung  des  Pulses,"  p.  60. 

tFick,  "  Untersuchungen  aus  dem  physiologiscnen  Laboratorium  in  ZQrich/' 
Wien,  1869.  Ibid.,  " Verhandlungen  der  physikalisch-medicinischen  Gesellschaft 
zu  WUrzburg,"  1886. 

t  V  Kries,  "Du  Bois'  Archiv,"  1887,  p.  254.  CJompare  v.  Prey,  "Untersuchung 
des  Pulses,"  p.  64. 
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which  becomes  necessary  whenever  some  of  the  contractions  of  the  left  ventricle 
are  so  weak  that  they  fail  to  produce  any  pulse  in  the  accessible  vessels.  In  deter- 
mining the  frequency  of  the  pylae,  a  watch  with  a  good  second-hand  should  be  used 
and  the  full  quarter  or  half  minute  [not  less  than  a  full  minute  in  important  cases — 
Ed.]  should  be  counted;  the  first  beat,  which  corresponds  with  the  zero-point  of 
the  second-hand,  is  counted  as  zero  as  in  determining  any  other  kind  of  measure- 
ments. The  pulse-count  must  be  used  with  caution  if  the  individual  is  in  a  state 
of  bodily  or  mental  excitement,  {)articularly  in  heart  patients,  as  under  such 
circumstances  one  might  easily  obtain  an  entirely  erroneous  idea  of  the  frequency 
of  the  heart-beat. 

There  remains  to  be  considered  the  examination  of  the  tt^  of  jndse, 
that  is,  the  exact  time  relations  of  the  fluctuations  of  pressiire  in  the  artery. 
Here,  again,  palpation  with  the  finger  suffices  for  all  practical  purposes, 
providing  the  observer  possesses  sufficient  practice  and  the  examination 
is  carried  out  carefully.  The  shape  of  the  pulse-wave  can,  however,  be 
determined  very  much  more  easily  with  the  eye  than  by  the  pressure 
sense,  and  we  have  in  many  of  the  modem  sphygmographs,  as,  for  ex- 
ample, the  one  designed  by  M.  v.  Frey,  excellent  contrivances  for  obtaining 
a  graphic  record  of  the  pulse. 

[For  general  medical  work  the  Jaquet  chronosphygmograph  is  the 
best.  The  time  recorder  (in  this  instrument  giving  one-fifth  seconds  at 
two  speeds)  is  essential  for  determining  the  rhythm  as  well  as  the  char- 
acter of  the  pulse.  The  instrument  has  been  made  additionally  useful 
by  the  cardiograph  and  polygraph  attachments,  so  that  one  or  two  tracings 
may  be  made  besides  the  radial,  e.  g.,  apex,  jugular,  liver  pulse,  etc. — ^Ed.] 

But  it  must  be  distinctly  stated  that,  so  far  as  the  diagnostic  value  of  the  sphyg- 
mograph  is  concerned,  our  hopes  are  all  in  the  future.  This  statement  is  apparently 
contradicted  by  the  results  reported  in  the  literature  on  the  subject,  which  is  quite 
extensive;  but  it  cannot  be  successfully  denied  that  the  sphygmogram  shows  merely 
the  shape  of  the  pulse.*  Conclusions  as  to  the  size  of  the  pulse  and  the  blood-pres- 
sure drawn  from  the  shape  of  the  sphygmogram  are  indirect  conclusions  and  must 
as  yet  be  accepted  with  tne  greatest  caution.  For  my  part  I  am  inclined  to  give  a 
most  favorable  prognosis  for  sphygmography,  both  for  diagnostic  purposes  and 
for  the  theoretic  interpretation  of  a  great  many  processes  in  the  circulation.  But 
before  this  hope  can  be  fulfilled  the  shape  of  the  piuse-curve  in  the  individual  arteries 
in  healthv  animals  and  himian  beings  must  be  more  accurately  analyzed,  and  we 
must  make  ourselves  acquainted  witn  the  many  extremely  complicated  conditions 
that  influence  the  shape  of  the  curve.  It  is,  unfortunately,  true  that  almost  all 
that  has  been  learned  so  far  is  uncertain,  and  we  must  insist  upon  the  greatest 
skepticism  on  the  part  of  phvsicians.  Old,  convenient  dogmas,  such,  for  example, 
as  the  belief  in  a  direct  parallelism  between  diminution  of  the  arterial  tension  ana 
pronounced  dicrotism  of  the  radial  pulse,  which  have  become  deeply  rooted,  are 
of  no  value.  Such  a  parallelism  may  exist;  but  the  two  processes  cannot  by  any 
means  be  regarded  as  absolutely  linked  together  without  any  reservation,  for  a 
great  many  different  factors  influence  the  position,  size,  and  number  of  the  indi- 
vidual secondary  waves,  and  these  things  all  require  more  accurate  study  before 
any  definite  conclusion  can  be  reached. 

When  the  pulse-wave  rises  abruptly  and  rapidly  falls  again,  the  pulse 
is  described  as  "bounding"  or  "jumping"  ("celer,"  "quick");  this  type 
of  pulse  occurs  most  typically  in  marked  cases  of  aortic  insufficiency  for 
reasons  which  need  not  be  explained  here. 

The  rapidity  with  which  the  circumference  of  the  artery  increases 
depends  partly  on  the  83^tolic  output  and  the  time  occupied  by  the  left 
ventricle  in  empt3dng  itself:  thus,  in  cases  of  dilatation  and  hypertrophy, 
a  rapidly  rising  pulse  is  often  observed.  The  tension  of  the  arterial  walls, 
of  course,  also  exerts  a  considerable  influence.    The  shape  of  the  depres- 

*In  regard  to  these  matters  consult  the  excellent  monograph  by  v.  Frey,  "Die 
Untersuchung  des  Pulses,"  Berlin,  1892. 
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sion  between  waves  is  determined  chiefly  by  the  character  of  the  flow 
toward  the  periphery. 

The  systolic  rise  of  the  artery  is  abnormally  gradual  when  the  left 
ventricle  contracts  slowly  and  the  so-called  "pulsus  tardus"  or  slow  pulse 
is  produced.  This  t3rpe  is  also  observed  in  its  most  typical  form  in  a 
valvular  lesion,  namely,  aortic  stenosis;  but  occurs  also  when  the  contrac- 
tion of  the  left  ventricle  is  slow  for  other  reasons. 

To  what  extent  the  combined  use  of  tactile  and  visual  impressions  has  con- 
fused our  ideas  on  this  subject  is  shown  by  the  fact  that  the  pulse  in  lead  colic  or 
arteriosclerosis  is  frequently  described  as  ''slow"  (tardus),  altnough  the  distention 
of  the  artery  is  by  no  means  always  e£Fected  slowly.  It  is  true  that  the  transition 
from  the  smallest  to  the  largest  aiameter  is  slow  to  the  touch;  but  this  is  not  in- 
frequently due  to  the  presence  of  secondary  waves,  resembling  anacrotic  waves, 
so  high  on  the  descending  (postsystolic)  leg  of  the  pulse-curve  that  they  in  reality 
produce  the  greatest  distention  of  the  vessel.  In  other  words,  the  conditions  are 
altogether  different  from  those  which  obtain  in  the  first-named  variety  of  "pulsus 
tardus" 

Clinical  medicine  has  been  enriched  by  the  acquisition  of  a  number  of  concepts 
and  technical  terms  corresponding  to  various  types  of  pulse  the  recognition  of 
which  is  based  partly  on  the  sense  of  touch  and  partly  on  the  sphygmogram,  and 
the  combination  of  the  latter  with  a  great  many  other  peculiarities.  It  is  now 
hi^h  time  to  examine  these  complicated  conditions  seriously,  according  to  the 
principles  of  hydraulics  and  with  the  aid  of  rigidly  accurate  methods.  Excellent 
physiologists  have  preceded  us.  Fick,  v.  Kries,  v.  Frey,  HOrthle,  have  pointed  the 
way.    Let  us  follow  them  I 

In  every  case  one  should  observe  carefully  whether  the  pulse  in  sym- 
metric vessels  on  both  sides  of  the  body  is  the  same  in  every  respect.  If 
any  differences  are  discovered,  we  must  determine  whether  they  can  be 
explained  by  local  anomalies  in  the  arteries  or  by  functional  conditions, 
such  as  diminished  muscular  development  or  palsy.  .  If  that  is  not  the 
case,  the  cause  must  be  sought  in  the  aorta.  Although  we  are  not 
directly  concerned  with  diseases  of  the  aorta  in  this  discussion,  arterio- 
sclerosis is  such  an  important  factor  in  heart  disease  that  asymmetry 
of  the  pulse  may  be  useful  as  an  indication  of  the  cardiac  condition. 

In  most  healthy  individuals*  two  sounds  are  heard  over  the  carotid 
and  stibclaman  arteries;  the  first  is  identical  with  ventricular  systole  and, 
as  compared  with  the  character  of  the  heart-sounds,  is  impure.  Its  origin 
is  still  obscure.  I  shall  refrain  from  discussing  the  question  because 
additional  observations  are  indispensable  before  such  a  discussion  is 
possible.  One  thing,  however,  may  be  mentioned:  The  soimd  is  generally 
referred  to  vibrations  taking  place  in  the  walls  of  the  artery  during  its 
distention;  it  is  probable  that  the  first  sound  of  the  heart  takes  part  in 
this.  But  the  conditions  are  evidently  complicated,  and  for  the  present 
difficult  to  imderstand.t 

The  second  sound  heard  over  these  two  vessels  is  unquestionably 
due  to  the  closure  of  the  semilunar  valves.  It  is  distinctly  more  pure 
and  higher  in  pitch  than  the  first.  Both  sounds  are  influenced  in  a  great 
variety  of  ways  by  the  sounds  produced  in  the  heart.  For  our  purposes 
it  should  be  mentioned  chiefly  that  systolic  murmurs  at  the  base  of  the 
aorta  due  to  arteriosclerosis  are  usually  propagated  very  distinctly  into 
these  two  large  vessels.  This  is  an  important  point;  but  it  must  be  re- 
membered, at  the  same  time,  that  murmurs  are  frequently  heard,  espe- 
cially in  the  subclavian  artery,  sjrnchronous  with  its  pulse,  and  having 

♦Weil,  "Die  Auscultation  der  Arterien  und  Venen,"  Leipzig,  1876. 
t Compare  v.  Frey,  "Die  Untersuchung  des  Pulses,"  p.  6. 


EXAMINATION  OF  THE  BLOOD-VESSELS,  475 

no  connection  whatever  with  any  changes  at  the  base  of  the  aorta.  It  is 
at  present  impossible,  in  my  opinion,  to  give  a  common  cause  for  these 
well-known  phenomena;  for  even  in  the  same  individual  they  vary  quite 
a  good  deal.  As  a  rule,  there  is  no  difficulty,  so  far  as  I  can  see,  in  dis- 
tinguishing them  positively  from  murmurs  due  to  sclerosis  at  the  base 
of  the  aorta.  In  the  first  place,  the  latter  are  usually  much  rougher  and 
more  irregular  and  are  always  audible  both  in  the  carotid  and  subclavian, 
or  even  chiefly  in  the  former,  while  the  peculiar  phenomena  of  arterio- 
sclerosis predominantly  affect  the  subclavian  artery. 

In  the  remaining  arteries  of  the  body  auscultatory  phenomena  are 
much  more  rare,  and  as  they  have  no  direct  bearing  on  the  diseases  with 
which  we  are  here  concerned,  we  need  not  discuss  them  further. 

Ezamination  of  the  Veins. — In  the  veins  the  blood  flows  slowly  under  low  pres- 
sure and  with  slight  velocity.  The  column  of  blood  is  kept  in  motion  by  a  feeble 
remainder  of  pressure  from  the  left  ventricle  and  by  the  movement  of  the  muscles, 
aided  by  certain  special  contrivances  and  the  suction  exerted  by  the  thoracic  cavity 
and  the  right  ventricle.  Owing  to  their  great  softness,  the  walls  of  ,the  veins  are 
easily  compressed  by  a  ^reat  many  different  causes,  and  thus  various  local  venous 
stases  are  produced.  Diminution  of  the  negative  pressure  within  the  thorax  may 
cause  general  venous  stasis;  but  these  things  do  not  concern  us  here  as  we  have 
to  deal  only  with  distention  of  the  veins  due  to  anomalies  of  the  heart.  Such  a 
condition  always  indicates  weakness  of  the  right  ventricle;  the  congestion,  it  b 
needless  to  say,  affects  all  the  veins,  and  under  certain  conditions  leads  to  the  pro- 
duction of  edema,  as  will  be  explained  later. 

Marked  swelling  of  the  veins  of  the  body  is  not  by  any  means  always 
an  indication  of  weakness  of  the  right  ventricle.  We  all  know  that  the 
development  of  the  cutaneous  veins  varies  greatly  in  different  individuals, 
and  that  it  is  greatly  favored  by  constant  muscular  exercise  of  certain 
portions  of  the  body.  Thus  there  are  persons  in  whom  the  cutaneous 
veins  of  all  the  extremities  and  of  the  trunk  appear  to  be  abnormally 
distended. 

The  severer  grades  of  pathologic  venous  stasis  are  quite  immistakable, 
and  their  diagnosis  need  not  be  discussed;  but  slighter  grades  of  conges- 
tion may  easily  cause  diagnostic  difficulties.  In  such  cases  the  veins 
near  the  heart  which  are  accessible  to  observation,  especially  the  external 
jugulars,  are  first  examined.  These  veins  also  exhibit  different  degrees 
of  development  in  different  individuals,  even  in  health.  Movements  are 
sometimes  observed  in  these  veins  which  are  either  quite  irregular  or  are 
connected  with  respiration:  the  vessels  swell  during  expiration  and  col- 
lapse during  inspiration.  In  cases  of  cardiac  stasis  the  jugular  veins  are 
greatly  distended;  as  a  rule,  the  respiratory  fluctuations  are  increased, 
and  very  frequently  regular  variations,  or  "pulsations,"  which  are  de- 
pendent on  the  action  of  the  heart,  are  observed.  Two  kinds  of  pulsa- 
tions are  distinguished.* 

In  cases  of  venous  stasis  the  valves  beginning  above  the  bulb  of  the 
jugular  vein  may  become  insufficient,  and,  as  a  result,  the  natural  move- 
ments of  the  large  vense  cavse  are  propagated  to  the  external  jugular  veins. 
The  greatest  distention  of  the  vense  cavae  is  synchronous  with  the  con- 
traction of  the  auricles,  after  which  the  vessels  empty  their  contents  into 
the  auricles  and  ventricles  and  collapse.  I  purposely  refrain  from  giving 
a  minute  description  of  the  peculiarities  of  the  changes  of  pressure  that 

♦An  important  paper  by  Riegel,  "Archiv  filr  klinische  Medicin,"  vol.  xxxi,  p. 
1.  For  the  literature  see  D.  Gerhardt,  "Archiv  ftir  experimentelle  Pathologie," 
vol.  xxxiv,  p.  402. 
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have  been  rendered  familiar  by  the  graphic  method  because,  as  yet,  they 
have  no  significance  for  the  physician.f  This  "normal"  pulse  of  the 
large  vense  cavse  is  called  negative  because  its  greatest  distention  is  not  co- 
incident with  ventricular  systole,  but  precedes  it,  and  this  negative  pulse 
is  propagated  to  the  external  jugular  veins  whenever  the  valves  of  these 
veins  do  not  prevent  it — that  is,  whenever  the  vessels  are  sufficiently 
dilated.  At  the  instant  of  ventricular  systole  veins  with  a  negative  pulse, 
therefore,  collapse.  Hence  O.  Vierordt's  expression,  "systolic"  venous 
collapse,  is  eminently  appropriate.  Occasionally  this  venous  pulse  is 
also  observed  in  healthy  individuals. 

For  purposes  of  diagnosis  it  is  important  to  recognize  whether  the 
jugular  veins  attain  their  greatest  circumference  immediately  before  or 
coincidentally  with  the  apex-beat.  Hence  the  latter  is  palpated  with 
the  finger  while  the  movements  of  the  ven®  cavae  are  observed.  It  may 
be  quite  easy,  it  may  be  difficult,  or  it  may  even  be  impossible  to  make 
this  distinction,  depending  partly  on  the  rapidity  and  rhythm  of  the  cai^ 
diac  movement  and  partly  on  the  respiration.  During  systole  the  vein 
in  such  cases,  therefore,  collapses  quickly;  and  that  also,  as  O.  Vierordt 
quite  correctly  pointed  out,  may  have  diagnostic  significance. 

In  a  few  cases  a  tracing  of  the  venous  pulse  and  of  the  apex-beat  may 
assist  in  diagnosis,  but  such  rare  cases,  in  which  this  is  possible,  need 
scarcely  be  taken  into  consideration  in  practice.  On  the  other  hand, 
it  may  be  very  useful  to  ask  the  patient  to  hold  his  breath  during  inspec- 
tion of  the  veins. 

A  ^'positive'*  venous  puhe,  that  is,  maximum  distention  of  the  veins 
of  the  neck  coincident  with  ventricular  systole,  is  always  a  pathologic 
condition  and  is  characteristic  of  tricuspid  insufficiency.  This  valvular 
lesion  interests  us  because  it  is  frequently  due  to  insufficient  contraction* 
of  the  right  ventricle  and,  therefore,  occurs  not  infrequently  in  the  con- 
ditions with  which  we  are  dealing.  The  distinction  from  the  negative 
pulse  haa  already  been  discussed;  it  should  now  be  mentioned,  in  addition, 
that  a  positive  venous  pulse  may  be  simulated  by  pulsations  transmitted 
to  the  veins  from  the  carotids.  When  that  is  the  case,  if  the  vein  is  com- 
pressed with  a  finger  or  a  pleximeter,  pulsation  ceases  in  the  central  seg- 
ment because  the  latter  is  empty. 

This  positive  venous  pulse  may  also  be  propagated  to  the  smaller  and 
more  distant  vessels,  and  sometimes  sounds  synchronous  with  the  ven- 
tricular systole  may  be  heard  in  the  cervical  vessels  or  even  in  the  femoral 
veins.  Aside  from  this,  auscultation  of  the  veins  practically  3rields 
nothing  of  importance  for  our  purposes.  It  might  be  well  to  utter  a 
caution  in  regard  to  the  danger  of  mistaking  an  anemic  murmur  for  one 
derived  from  the  heart. 

GENERAL  ETIOLOGY  OF  MUSCULAR  DISEASES  OF  THE 

HEART. 

The  causes  that  lead  to  pathologic  conditions  in  the  myocardium  may 
be  divided  into  two  main  groups:  The  first  includes  a  variety  of  chemic 
or  morphologic  bodies  circulating  in  the  blood — ^that  is  to  say,  poisons  • 
and  parasites;  the  second  group  consists  of  certain  mechanic. factors 
which  are  brought  into  play  whenever  an  excessive  demand  is  made  on 
the  heart. 

*  Compare  D.  Gerhardt,  loc,  cit. 
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Substances  circulating  in  the  blood  may  attack  the  heart  through  the 
endocardium.  In  this  way  the  so-called  endocarditic  processes  are 
brought  about.  These  do  not  fall  within  our  province.  For  the  myo- 
cardium the  coronary  circulation  appears  to  be  more  important  than  the 
endocardium  as  a  portal  of  entry  for  injurious  substances  in  the  circula- 
tion. 

Hence  the  myocardium  is  exposed  to  injury  in  all  conditions  associ- 
ated with  the  circulation  of  noxious  bodies  in  the  blood.  Of  these,  the 
infectious  diseases  are  the  most  important  and  very  frequently  produce 
changes  in  the  myocardium  which  can  be  distinctly  recognized,  and  the 
pathologic  significance  of  which  is  not  difficult  to  estimate;  these  changes 
consist  in  fj^p^  inflRmmRtinn  and  parenchymatous  degenerations.  The 
heart  in  this  respect  does  not  differ  essentially  IfUfti  other  organs;  in 
many  parenchymatous  tissues  inflammatory  and  degenerative  processes 
develop  under  the  action  of  infections  and,  for  reasons  that  are  not  always 
|v,quite  evident,  certain  organs  are  chiefly  attacked  in  different  processes. 
The  heart,  like  the  kidneys,  does  not  always  escape;  but,  like  the  kidneys, 
the  heart  is  specially  liable  to  injury  in  certain  infectious  diseases;  and, 
what  is  still  more  curious,  certain  infectious  diseases  chiefly  attack  certain 
portions  of  the  heart. 
I  ;  The  disease  may  affect  the  endocardium,  the  myocardium,  or  the 
I  pericardium.  As  a  matter  of  fact,  all  three  structures  are  usually  attacked, 
at  least  in  the  anatomic  sense;  but  to  the  physician  the  s3niiptoms  of  one 
portion  of  the  heart  usually  appear  so  much  more  pronounced  that  it  has 
become  the  custom  to  speak  of  disease  of  such  and  such  a  portion. 

In  this  discussion  we  shall  describe  only  the  abnormal  conditions  of 
the  heart  muscle,  that  is,  cases  in  which  inflammation  of  the  muscle  is 
l^istinctly  the  chief  thing,  both  anatomically  and  clinically. 

Acute  myocarditis,  like  acute  nephritis,  may  be  caused  by  any  one 
of  the  infectious  diseases;  but  the  most  important,  so  far  as  the  heart 
is  concerned,  are  rheumatjf^  polyarthritis,  diphtheria,  typhojd-J^ver, 
scarlet  _fever.  malaria,  syuJjpiSjilreptococcus,  stapE^coccus,  and  gono- 
coccus  lofectionsT^maUpox,  and  erysipelas. 

In  polyarthritis  tne  endocarditi?  clinically  appears  to  be  the  most 
important  condition.  But  a  careful  study  of  the  concomitant  phenomena 
will  convince  any  one  that  many  of  the  symptoms  must  be  charged  to  a 
deficiency  of  the  muscle,  and  pathologic  investigations  have  also  taught 
us  that,  as  a  rule,  not  only  the  endocardium,  but  the  muscle  also,  is  pro- 
foundly involved.*  The  combination  of  endocarditis  and  myocarditis 
occurs  in  the  other  infectious  diseases  also,  but  myocarditis  alone  is  much 
more  often,  both  pathologically  and  clinically,  the  essential  morbid  process. 
The  nature  of  the  pathologic  chafig^will  form  the  stlbj66t  ot  a  special 
section.  We  have  no  positive  knowledge  about  the  true  nature  of  the 
relationship  between  infectious  disease  and  muscle  lesion.  It  is  probable 
that  the  poisons  generated  by  the  microbes  represent  the  active  agent, 
and  future  observations  may  possibly  show  why  these  poisons  are  pro- 
duced or  reach  the  muscle-fibers  in  sufficient  concentration  to  cause 
disease  in  certain  cases  only,  or,  finally,  why  the  fibers  are  only  at  times 
vulnerable. 
I  It  is  possible  that  inflammation  of  the  arteries  of  the  heart  forms  part 
I  of  the  pathologic  process  in  infectious  diseases.    The  inflammation  in 

I         *Krehl,  "Archiv  fQr  klinische  Medicin,"  vol.  xlvi,  S.  484.     Romberg,  itnd,, 
vol.  liii,  p.  141.     Both  contain  recent  observations  and  the  latest  literature. 
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that  case  would  affect  the  function  of  the  heart  in  the  same  way  as  scle- 
rotic processes  in  the  coronary  vessels. 

In  addition  to  the  poisons  generated  by  bacteria,  those  imported  from 
without  may  injure  the  heart  muscle;  and  this  suggests  an  important 
point  in  the  pathology  of  diseases  of  the  heart,  which  we  encounter  again 
and  again,  namely,  the  combination  of  several  injurious  agents,  especially 
the  association  of  intoxication  with  mechanic  influences.  By  far  the  most 
important  of  these  injurious  substances  is  beer;  wine,  and  especially 
brandy,  are  of  distinctly  secondary  importance  in  this  respect.* 

It  is  possible  that  alcohol  is  the  injurious  agent,  for  there  is  no  lack  of  analogy. 
We  know  its  injurious  effect  on  other  tissues,  such  as^thek^neys,  the  liver,  vessel- 
wsdls,  and  nerve-fibers.  It  is  true  that  alcohol,  as  arule,  injures  the  heart  onlv 
when  taken  in  large  Quantities  and  during  a  considerable  length  of  time,  although 
it  must  be  admitted  tnat  the  injurious  dose  varies  greatly  for  different  individuaL. 
To  what  extent  other  chemic  substances  besides  alcohol  must  be  incriminated 
it  is  impossible  at  the  present  time  to  say,  and  in  any  case  it  must  be  remembered 
that  the  whole  question  is  extremdy  complicated.  If  the  ingestion  of  aJcohol  alone 
were  the  important  factor,  diseases  of  the  heart  would  be  most  conmion  and  most 
severe  among  whiskey  [orig.:  "Schnaps" — stronger  alcoholic  beverages  in  general — 
Ed.]  drinkers,  which  is  certainly  not  the  case.  But  other  factors  brides  the  inges- 
tion of  alcohol  come  into  pla^  when  beer,  and  also  to  a  certain  extent  when  wine 
is  taken,  such  as  the  introduction  of  large  quantities  of  fluid,  the  abundant  ingestion 
of  nutritive  material,  and  the  obesity  which  beer-drinkers  so  often  develop  as  a 
result  of  their  mode  of  life.  There  is  another  consideration.  Not  a  few  drinkers 
are  heavy  smokers;  not  a  few  commit  sexual  excesses;  and,  most  important  of  all, 
many  of  them,  in  addition  to  indulging  in  alcohol,  are  engaged  in  work  that  calls 
for  great  muscular  exertion.    These  things  will  be  discussed  again  later. 

Still  less  clear  is  the  significance  of  smoking.  It  may  be  confidently 
asserted  that  in  many  individuals  smoking  produces  cardiac  disturbances 
which  can  be  recognized  both  subjectively  and  objectively,  and  consist 
in  more  active  contraction  of  the  heart,  with  a  feeling  of  palpitation  and 
anxiety. 

Many  of  us  remember  these  symptoms  from  our  first  attempts  at 

smoking;   once  one  has  become  accustomed  to  the  habit,  they  usually 

disappear  altogether,  even  when  large  quantities  of  tobacco  are  consumed. 

They  may,  however,  occur  in  seasoned  smokers  if  they  transgress  their 

limit,  which,  to  be  sure,  varies  greatly  in  different  individuals,  or  if  the 

heart  is  suffering  from  some  other  injury — ^this  has  already  been  referred 

to.    The  cardiac  symptoms  are  particularly  apt  to  be  brought  on  by  the 

free  use  of  so-called  imported  Havana  cigars.    Wherein  the  difference 

•consists  we  are  as  yet  unable  tcTSByTtwrtrtl? experienced  phjrsician  can 

Idoubt  the  truth  of  the  assertion;   everybody  is  agreed  that  there  is  an 

I  enormous  difference  between  the  effect  of  imported  cigars  and  that  of 

I  the  cheaper,  domestic  grades. 

Some  maintain,  while  others  deny,  that  nicotin  is  the  only  active  poison.  Vas 
has  shown  that  nicotin  is  the  only  active  substance  in  tobacco  smoke;  but  in  my 
opinion  this  does  not  prove  that  the  intoxication  is  caused  solely  by  the  smoke. 
Some  one  ought  to  investigate  why  the  imported  varieties  of  cigars,  which  are  said 
to  contain  very  little  of  the  alkaloid,  are  so  injurious  and  wnat  the  peculiarities 
are  that  render  the  heart  especially  sensitive. 

The  effect  of  strong  coifee  on  the  heart  is  quite  similar.  In  this  case 
caffein  is  unquestionably  the  active  agent.    The  effect  of  this  alkaloid 

*  The  literature  bearing  on  this  point  will  be  found  in  the  section  on  the  Dis- 
eases of  the  Heart  Caused  b>[  the  Abuse  of  Alcoholic  Beveraj^s. 

t  Vas,  "Archiv  ftir  experimentelle  Pathologie,"  vol.  xxxiii,  p.  141. 
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ton  the  circulation  is  given  in  the  section  devoted  to  the  discussion  of 
drugs,  and  it  is  quite  in  line  with  what  is  said  in  that  connection  that 
coflFee-poisoning  is  followed  by  an  increased  contraction  of  the  ventricles, 
palpitation,  compression,  and  anginoid  attacks.  Two  factors  contribute 
to  the  production  of  these  conditions:  the  direct  stimulation  of  the  heart 
by  the  poison  and  the  increased  strength  of  the  contractions  in  response 
to  vasomotor  irritation.  The  latter  is  unquestionably  due  to  caflein. 
That  the  excessive  use  of  coffee  ultimately  leads  to  symptoms  of  cardiac 
insufficiency  is  quite  possible,  although  I  do  not  know  that  it  is  the  case. 

/  Again  it  should  be  borne  in  mind  that  in  our  social  gatherings  the  conious 
drinking  of  good,  strong  coffee  is  frequently  combined  with  indulgence  in  larsd 

'  quantities  of  wine  and  bew  and  the  smoking  of  expensive,  and  ther^ore  imported, 
cigars,  so  that  here  again  the  combination  of  several  aifferent  injurious  a^nts 
unquestionably  affects  the  result.  In  the  case  of  coffee,  as  in  the  case  of  cigars, 
the  dearer  preparations  are  most  injurious  to  the  heart.     Not  only  is  a  much  l^eer 

.  quantity  of  the  drug  used  in  making  the  decoction,  but  the  kind  of  coffee  selected  is 
''stronger,''  that  is,  it  probably  contains  more  caffein.  Another  possibility  that 
cannot  be  altogether  excluded  is  that  some  other  active  substances  may  be  present. 
And,  finally,  there  is  the  individual  sensitiveness  to  coffee,  which  is  also  extremely 
variable,  but  regarding  which  there  is  no  possibility  of  agreement. 

Finally,  the  significance  of  mechantc  inftuenceSf  especially  overfilling  of  the 
ventricles  and  increased  resistance  to  them,  should  be  mentioned. 

Here,  also,  there  is  much  that  is  obscure.  If  a  large  quantity  of  blood  enters 
the  cavities  of  the  heart  during  diastole, — ^assuming,  for  simplicity's  sake,  that  the 
resistance  is  unchanged, — the  latter,  in  emptying  their  contents,  use  their  jiovrer 
of  accommodation  and  the  work  of  the  corresponding  portion  of  the  muscle  is  in- 
creased (see  the  following  section).  This  is  true  within  certain  limits,  which  vai^ 
in  many  respects:  for  one  thine,  with  the  individual  portions  of  the  neart.  It  is 
true  that,  as  a  rule,  the  entire  heart  is  called  into  action;  it  must  be  remembered, 
however,  that  the  auricles  cannot  cope  with  as  much  blood  as  the  ventricles,  and  that 
the  ri^t  ventricle  is  weaker  than  the  left.  Moreover,  the  heart's  power  of  accom- 
modation varies  greatly  in  different  individuals,  and,  finally,  the  structural  condi- 
tion of  the  heart  muscle  has  an  enormous  influence;  for  it  may  be  accepted  as  a  fact, 
confirmed  by  physiologic  experience,  that  the  so-called  reserve  strength  of  the  heart 
is  directly  dependent  on  certain  qualities  of  the  musculat\u«. 

r        When  the  resistance  in  the  circulation  is  great,  the  demand  on  the  heart  is 

I  also  greatly  increased;  this  calls  out  all  the  power  of  accommodation  of  the  organ 

\for  the  management  of  which  the  same  factors  are  concerned  that  have  just  been 

Imentioned. 

In  fact,  abnormal  and  excessive  diastolic  filling  of  the  ventricles 
usually  combines  with  a  good  deal  of  resistance  in  the  arterial  system, 
and  the  effect  on  the  heart  is  thereby  greatly  increased.  This  is  always 
the  case  when  violent  muscular  movements  coincide  with  forced  expira- 
tions— ^that  is,  during  severe  bodily  exertion. 

Owing  to  the  excessive  pressure  and  differences  in  pressure,  the  mitral,  and 
more  frec^uently  the  aortic,  valves  in  such  cases  not  so  very  rarely  suffer  laceration, 
or  a  portion  of  the  valve  may  even  be  torn  off.  This  leads  to  the  production  of 
valviuar  lesions,  which,  as  a  rule,  are  severe,  and  the  suddenness  of  their  develop- 
ment makes  a  heavy  demand  on  the  power  of  accommodation  of  the  muscle. 

This  point  need  not  be  discussed  further. 

What  ia  the  condition  of  the  myocardium  on  such  occasions?  That  is 
the  question  that  interests  us  most.  The  combined  effect  of  large  quanti- 
ties of  blood  in  the  ventricles  and  of  the  systolic  pressure  on  the  heart-wall 
may  produce  a  condition  analogous  to  overdistention  of  an  elastic  body. 

Such  a  condition  is  specially  favored  by  a  number  of  qualities  in- 
herent in  the  muscle.    E.  Weber*  has  shown  that  the  elasticity  of  the 

♦Article  on  "Muskelbewegung"  in  R.  Wagner's  "HandwOrterbuch  der  Physi- 
ologic," vol.  iii,  pt.  ii,  p.  100. 
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muscle  is  diminished  during  contraction,  and  that  the  muscle  itself  is, 
therefore,  more  extensible.  This  explains  the  occurrence  of  these  cases 
of  h3rper<listention  under  definite  conditions,  that  is,  when  the  ventricles 
strive  to  propel  an  unusually  large  pulse-volume  against  an  extraordinary 
resistance  and  thus  tax  the  elasticity  of  the  contracted  muscle  to  its 
utmost. 

Whether,  in  an  individual  case,  a  single  severe  muscular  strain  is 
followed  by  overdistention  of  the  heart  probably  depends  on  a  number  of 
factors — ^to  begin  with,  on  the  severity  of  the  strain.  It  is  in  the  nature 
of  things,  and  is  fully  borne  out  by  clinical  experience  as  recorded  in  the 
literature,  that  in  most  cases  of  this  kind  the  sudden  exertion  is  made 
under  the  influence  of  some  powerful  emotion,  which  is  also  the  reason 
why  the  individual  forgets  to  consider  the  Umits  of  his  strength  as  he 
would  under  ordinary  circumstances.  Every  healthy,  active  man  occa- 
sionally approaches  the  limit  of  his  strength;  we  all  know  the  pecuUar 
sensations  that  occur  when  the  overfilled  heart  fails  to  contract  properly: 
a  sense  of  oppression  and  constriction,  dyspnea,  vertigo,  and  faintness. 
These  symptoms  are  due  to  a  beginning  insuflSciency  of  the  heart,  such 
as  ultimately  develops  after  violent  muscular  exertion  in  every  man — in 
some  a  little  earlier,  in  others  later,  according  to  the  strength  of  the  heart 
and  its  functional  capacity.  At  the  first  glance  this  picture  exhibits  a 
great  similarity  to  the  conditions  found  in  overdistention  of  the  heart. 
The  subsequent  course,  however,  presents  certain  characteristic  differ- 
ences in  the  two  cases. 

The  cardiac  insufficiency,  which  every  healthy  man  ultimately  ex- 
periences after  bodily  exertion  of  a  certain  degree  of  intensity  and  dura- 
tion, undoubtedly  is  due,  first  of  all,  to  fatigue. 

The  frequent  repetition  of  violent  cardiac  contractions  prevents  the 
organ  from  recovering  completely  during  diastole;  the  heart  becomes 
temporarily  dilated;*  but  as  the  individual  is  unwilling  or  unable  to 
keep  up  the  same  muscular  exertion,  fatigue  is  followed  by  rest  and  re- 
cuperation, and,  after  a  certain  time,  the  original  functional  capacity  of 
the  heart  is  restored.    These  facts  also  are  familiar  to  all  of  us. 

The  result  is  quite  different,  however,  if  the  individual  continues  to 
exert  himself  and  refuses  to  yield  to  the  sense  of  fatigue.  Such  a  course 
may  lead  to  overdistention  and,  as  will  be  explained  more  fully  later,  a 
heart  lesion  not  infrequently  persists  for  some  time  or  even  becomes 
permanent.  This  question  will  be  discussed  in  detail  in  connection  with 
diseases  following  severe  muscular  exertion. 

Here  we  have  to  do  with  the  general  and  significant  fact  that  severe 
bodily  exertion  under  certain  circumstances  works  the  greatest  injury 
to  the  heart  muscle.  If  it  is  already  diseased,  even  mild  degrees  of  fatigue 
are  often  injurious,  and  there  is,  obviously,  special  danger  of  overdisten- 
tion. That  is  why  violent  bodily  exertion  is  particularly  dangerous  for 
heart  patients  and  may  convert  a  rdatively  harmless  condition,  which 
hardly  causes  any  symptoms  and  certainly  does  not  in  the  least  interfere 
with  the  patient's  attending  to  his  work,  into  the  gravest  disease. 

It  is  perhaps  not  too  much  to  say  that  bodily  exertion  is  such  an  im- 
portant factor  in  heart  disease  because  it  is  so  very  apt  to  injure  an  organ 
that  has  ceased  to  be  entirely  sound.    This  fact  has  not  always  been  suffi- 

*  Compare  Th.  Schott,  ''Die  Ueberanstrengung  des  Herzens/'  Wiesbaden, 
1898,  third  edition. 
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ciently  appreciated  in  the  past  in  treating  heart  patients  by  means  of 
exercise. 

A  few  words  are  necessary  in  regard  to  the  kind  of  exercise  that  is 
especially  dangerous  to  the  heart.  It  is,  of  course,  obvious  that  we  cannot 
exclude  any  class  of  muscular  innervation  if  it  has  the  effect  of  driving 
large  quantities  of  blood  toward  the  heart  and  producing  increased  re- 
sistance in  the  arterial  system.  But  it  is  also  obvious  that  in  many  cases 
the  muscular  exertion  may  be  excessively  severe,  especially  when  the 
effort  is  executed  with  passion,  when  the  individual  has  not  been  suffici- 
ently trained,  and  in  athletic  contests. 

In  these  days  when  athletic  feats  are  stamped  as  heroic  deeds,  when  the  ambi- 
tion of  so  many  men  and  women  does  not  mount  higher  than  the  wish  to  distinguish 
themselves  in  some  form  of  muscular  exercise,  when  the  untrained  denizen  of  the 
city  boldly  undertakes  the  most  difficult  mountain-dimbing,  there  is  plenty  of  oppor- 
tunity for  indulging  in  excessive  and  unwisely  executed  muscular  exercise.  I  have 
seen  a  great  de^  of  injury  done  to  the  heart,  especially  by  thoughtless  bicycle  rid- 
ing. Every  one  knows  that  the  exercise  requires  severe  muscular  exertion,  and 
that  many  bicyclists  carry  themselves  so  badly  that  thorax  and  lungs  are  sub- 
jected to  the  most  unfavorable  conditions.  Especially  when  going  up  hill  or  acainst 
the  wind  and  when  ambition  and  rivalry  come  into  play,  the  danger-signals  are 
apt  to  be  disregarded  and  the  c]^clist  very  easily  overexerts  himself.  It  is  my  im- 
pression that  bicycling,  except  in  moderation,  does  a  vast  amount  of  harm  even 
when  the  heart  is  sound,  and  especially  when  tne  organ  is  not  quite  normal.* 

All  these  factors,  which  are  capable  of  impairing  the  function  of  the 
heart  either  suddenly  or  gradually,  have  a  special  interest  for  the  phy- 
sician because  they  are  capable  of  causing  in  the  hearts  of  healthy  indi- 
viduals lesions  of  all  varieties,  up  to  complete  abolition  of  function.  The 
abnormal  condition  may  be  brief  or  long;  it  may  be  curable,  susceptible 
of  improvement,  or  hopeless.  The  conditions  in  an  individual  case  can 
only  be  discussed  in  connection  with  the  various  clinical  pictures. 

Attention  should  here  be  called  to  a  matter  which  has  a  very  impor- 
tant bearing  on  the  pathology  of  the  heart,  and  which  has  already  been 
touched  upon  here  and  there;  namely,  thai  the  coincidence  of  several  injuri- 
ous factors  plays  an  important  part  in  the  production  of  heart  disease. 

This  manifests  itself  in  a  variety  of  ways.    It  may  be,  as  has  just  been  shown, 

that  one  cause  prepares  the  field  for  the  attack  of  another — an  occurrence  that 

frequently  happens  in  pathology,  as,  for  example,  in  the  infectious  diseases.    Or 

[  the  simultaneous  action  of  several  factors,  any  one  of  which  by  itself  is  insignifi- 

I  cant,  may  produce  an  effect  which  one  of  them  alone  would  be  incapable  of  bringing 

[about.     Other  possibilities  are  conceivable  and  unquestionably  occur,  but  much 

[remains  to  be  aiscovered  by  future  investigation  in  this  field.    This  much  mav  be 

paid,  however:    there  is  hairdly  another  department  of  clinical  medicine  in  which 

It  is  so  important  for  the  physician  to  consider  a  great  number  of  things  which  appa- 

ently  are  quite  trivial  in  connection  with  the  etiology  of  the  disease,  providmg 

hey  occur  in  combination.     By  doing  so  one  not  infrequently  gains  an  insight 

kito  the  occurrence  of  cardiac  diseases  which  one  could  not  obtain  in  any  other 

lay- 
It  is,  in  addition,  important  to  consider  under  what  circumstances  the 

heart  is  exposed  to  certain  influences;  for  the  organ  is  in  a  very  marked 

degree  dependent  upon  the  general  condition  of  the  body. 

In  this  connection  deficient  nutrition,  as  Romberg  has  quite  correctly 

pointed  out,  is  one  of  the  first  things  to  be  considered.     It  is  evidently 

*  Mendelsohn,  "Der  Einfiuss  des  Radfahrens  auf  den  menschlichen  Organismus/' 
Berlin,  1896.     Leo  Zuntz,  ''Ueber  Gaswechsel  und  Energieumsatz  des  Radfahrers," 
Beriin,  1898. 
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much  more  important  than  actual  hunger,  because  it  is  much  more  fre* 
quently  encountered  in  disease;  and  it  is  not  impossible  that  malnutrition 
has  a  much  more  unfavorable  effect  on  the  volume  and  function  of  the 
heart  than  mere  hunger.  Analogous  conditions  obtain  with  regard  to 
the  blood.*  It  is  evident  that  individuals  suffering  from  chronic  mal- 
nutrition, which,  unfortunately,  is  not  seldom  due  to  social  conditions, 
are  constantly  exposed  to  a  great  variety  of  influences  that  affect  the  heart 
or  throw  an  extra  demand  on  it,  and  although  they  are  in  themselves 
quite  harmless  and  would  have  absolutely  no  influence  in  health,  these 
influences  may  lead  to  functional  disturbances. 

This  is  often  seen,  for  example,  in  young  persons,  especially  during 
the  period  of  development,  among  domestic  servants,  factory  girls,  and 
apprentices.  The  degree  of  malnutrition  and  the  amount  of  work  per- 
formed in  spite  of  it  are  subject  to  very  great  variation  in  different  indi- 
viduals, and  that  is  why  tWs  etiologic  factor  is  of  such  great  and  far- 
reaching  importance. 

This  is  a  very  complicated  question.  It  is  possible  that  the  diminution  in  the 
volume  of  the  muscle  due  to  malnutrition  may  be  the  direct  cause;  but  it  is  difficult 
to  obtain  any  positive  data  bearing  on  this  point.  There  is  no  doubt,  however, 
that  the  functional  dependence  of  the  heart  on  the  general  condition  of  the  organism 
is  of  far  greater  importance.  Malnutrition,  when  present,  is  not,  as  a  rule,  the  only 
defect  in  the  individual.  How  often  is  it  not  associated  with  lack  of  sleep,  vexation, 
excitement,  worry,  or  grief?  Any  one  of  these  things  is  capable  by  itself  of  reducing 
the  power  of  the  skeletal  muscles  and  probably  that  of  the  heart  also. 

Disturbances  of  the  strength  of  the  heart  in  every  respect  similar  to  those 
which  occur  after  violent  muscular  exertion  and  in  conditions  of  mal- 
nutrition are  also  observed  after  severe  illness,  a  fact  which  is  even  more 
difficult  to  estimate.  For  in  this  case  it  is  necessar\%  before  the  points 
to  be  investigated  can  be  classified,  to  show  that  the  disease  in  question 
does  not  directly  cause  heart  disease. 

After  diseases  of  the  gastro-vntestinal  canal  anomalies  in  the  action  of 
the  heart  are  observed  which  are  directly  dependent  on  the  affection  of  the 
intestinal  tract  (see  the  corresponding  section).  It  appears,  however, 
that  intestinal  disease  is  also  eminently  capable  of  indirectly  menacing 
the  functional  power  of  the  heart  by  impairing  the  general  nutrition. 
This  point  has  been  emphasized  by  Romberg. 

Occasionally  we  encounter  cardiac  weakness  after  infectious  diseases, 
as,  for  example,  typhoid  fever,  diphtheria,  and  especially  influenza — some- 
times long  after  the  acute  symptoms  have  subsided.  During  the  illness 
or  immediately  afterward  the  heart  not  infrequently  develops  a  form  of 
genuine  inflammation  or  intoxication  (see  the  section  on  Acute  Myocar- 
ditis), and  in  any  disturbances  occurring  after  one  of  these  diseases  such 
morbid  processes  should  be  thought  of  first.  Occasionally,  however, 
diminished  functional  power  is  observed  after  an  illness  of  this  kind; 
without  any  manifest  signs  of  actual  disease.  Romberg,  who  has  given 
an  excellent  exposition  of  these  matters,  brought  direct  proof  of  this  in  a 
case  of  influenza.f 

The  facts  are,  therefore,  indubitable,  but  for  all  that  we  must  be  extremelv  cau- 
tious in  venturing  an  interpretation.  For  a  great  many  well-known  clinical  facts 
connected  with  the  kidneys,  the  peripheral  nerves,  and  especially  the  nervous  sys- 
tem tend  to  prove  that  intoxication  is  capable  of  exerting  its  baneful  influence  long 


♦Sec  Krehl,  "Pathologische  Physiologic,' 
t  Romberg,  "Herzkrankheiten,^'  p.  766. 
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after  the  acute  infectious  disease  has  subsided.  This  is  not  at  all  contradictory 
to  our  theoretic  views,  for  the  processes  associated  with  the  production  and  main- 
tenance of  immunity  prove  that  the  chemic  chan^  in  the  boay  substances  brought' 
about  by  the  infectious  disease  persists  for  some  tune. 

Chronic  debilitating  and  eochausting  diseases  or  any  process  that  affects 
the  organism  in  a  similar  way  and  reduces  its  power  as  a  whole — our  very 
defective  knowledge  of  these  things  is  my  excuse  for  using  this  expression, 
which  practically  means  little — are  next  in  order.  In  this  cat^ory  we 
may  perhaps  include  diabetes  mellitus  and  gout.  Perhaps!  For  here 
again  great  caution  is  necessary  in  assmning  the  presence  of  a  general 
''debilitating"  influence  on  account  of  the  close  connection  between 
these  two  conditions  and  arteriosclerosis. 

Romberg  also  mentions  obesity  cures,  and  I  fully  agree  with  him.  I 
also  have  seen  very  bad  results  from  the  practice,  even  when  it  was  not 
pushed  to  extremes  and  no  special  folly  or  even  violence  was  indulged  in. 
All  such  methods  of  treatment  require  the  minutest  care  and  accuracy; 
the  effect  of  the  treatment  on  the  individual  especially  must  be  narrowly 
watched.  In  like  manner  much  harm  has  been  done  by  injudicious  treat- 
ment at  mineral  springs  with  strong  purgative  waters,  and  the  harm  cannot 
be  explained  by  the  accompanying  exercise  alone.  There  is  no  doubt  that 
the  essence  of  the  trouble  resides  in  certain  influences  which  directly 
weaken  the  organism.  I  need  only  mention  the  distinctly  injurious  effect 
of  an  apparently  harmless  course  of  Carlsbad  water  on  phthisical  patients. 
What  happens  in  all  these  cases  is  that  the  heart  becomes  abnormally 
sensitive  not  only  to  injurious  influences,  but  also  to  the  ordinary  func- 
tions of  life.  Thus,  slight  muscular  exertion,  which  is  at  first  perfectly 
well  borne  by  the  same  individual,  may  produce  the  symptoms  of  over- 
exertion. 

The  exact  causes  appear  to  me  quite  unfathomable,  nor  do  I  believe  that  any- 
thing will  be  learned  about  them  in  the  near  future;  for  the  question  is  connected 
with  the  most  intimate  processes  of  cellular  life,  of  which  at  the  present  time  we 
have  not  even  a  glimmering.  In  the  same  way  we  are  still  altogether  in  the  dark 
as  to  why  the  heart  should  be  the  organ  that  suffers  under  these  circumstances  in 
some  individuals.  Life  shows  the  most  curious  things,  and  the  locus  minoria  resia- 
teni%<B  also  enters  into  the  question.  For  example,  a  man  who  four  years  previously 
had  suffered  from  acute  infectious  myocarditis,  had  completely  recovered,  as  was 
proved  by  a  number  of  examinations,  and  had  become  capable  of  any  kind  of  ex- 
ertion, developed  a  slight  apical  cararrh  and  at  once  began  to  suffer  anew  from 
marked  cardiac  symptoms:  ^-eat  acceleration  of  the  piuse  and  dyspnea  during 
wattling,  which  could  not  possibly  be  explained  by  the  pulmonary  process. 

The  question  of  general  nutritional  disturbances  and  their  effect  on 
the  strength  of  the  heart  naturally  leads  to  the  question  of  the  direct 
nvtrUion  of  the  mvscle-fibers. 

The  heart,  being  an  organ  endowed  with  great  and  almost  ceaseless 
activity,  requires  an  abundant  supply  of  blood,  as  the  facts  of  physiology 
prove;  for  anything  that  interferes  with  perfect  respiration  and  nutrition 
rapidly  leads  to  structural  and  functional  lesions  of  the  heart.  Hence 
the  extraordinary  influence  on  the  heart  muscle  of  all  diseases  of  the 
coronary  arteries;  by  reducing  the  amount  of  blood  going  to  the  heart 
they  diminish  its  functional  power  and  lead  to  nutritional  disturbances 
and  necrosis  of  the  muscle-fibers.  Much,  of  course,  depends  on  the  ex- 
tent, location,  and  intensity  of  the  coronary  affection;  it  is  well  known 
that  stenosis  at  the  orifices  of  the  arteries,  for  example,  may  bring  about 
the  gravest  symptoms. 
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We  now  come  to  the  infly£nce  of  violent  psychic  processes  on  the  cir- 
culation, and  especially  on  the  heart.  Every  one  knows  from  his  own 
personal  experience  how  much  the  heart  is  influenced  by  one's  mental 
condition.  Psychic  impressions  especially  affect  the  heart,  and  in  this  re- 
spect different  individuals  exhibit  different  degrees  of  sensitiveness. 

Various  kinds  of  psychic  processes,  constant  worry  and  care,  anger, 
annoyance,  and  fear  are  capable  of  directly  causing  heart  disease,  as  the 
older  physicians  have  believed  from  time  immemorial.  It  is  probable 
that  they  are  even  capable  of  directly  producing  death;  at  least  there  are 
some  examples  that  seem  to  prove  such  a  thing  to  be  possible  (see  the 
section  on  Nervous  Diseases  of  the  Heart). 

Much  more  frequently  the  effect  manifests  itself  on  the  entire  nervous 
system,  and  incidentally  on  the  innervation  of  the  heart.  In  this  way 
some  of  the  so-called  nervous  disturbances  of  the  heart  originate.  In 
discussing  sclerosis  of  the  coronary  arteries  it  will  have  to  be  shown  that 
this  process  also  may  owe  its  origin  to  some  psychic  injiuy. 

Violent  mental  emotion  has  an  absolutely  devastating  effect  on  hearts 
that  are  not  quite  normal;  of  this  1  have  seen  some  very  sad  examples. 
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The  volume  of  a  striated  muscle,  whether  it  be  a  skeletal  muscle  or 
the  heart,  depends  on  three  factors:  the  natural  disposition  (Anlage), 
the  peculiar  conditions  of  individual  development,  and  the  amount  of 
work  performed.  The  mere  ingestion  of  nutriment  in  itself  is  not,  so  far 
as  we  know,  capable  of  increasing  the  size  of  normal  muscles,  or  at  most 
only  to  a  very  Umited  extent,  unless  the  parenchyma  at  the  same  time 
develops  an  increase  of  its  peculiar  property;  for  otherwise  the  cells 
cannot  assimilate  a  large  quantity  of  nutritive  material.  The  actual 
weight  pf  the  heart,  that  is,  the  mass  of  its  muscle,  therefore,  bears  a 
direct  relation  to  the  body-weight,*  or,  to  be  more  exact,  probably  to 
the  bulk  of  functionating  parenchymatous  cells,  and,  sinca  the  muscles 
make  up  more  than  half  of  these  cells,  especially  to  the  mass  of  the  muscle. 
The  very  interesting  investigation  of  Bollinger  and  his  pupils  regarding 
the  relative  size  of  the  heart  in  different  animals  agrees  approximately 
with  the  view  here  expressed.f  They  show  that  in  animals  which  lead 
a  quiet  life  and  become  fat, — sheep,  pigs,  cows,  and  oxen,  for  example, — 
the  weight  of  the  heart  as  compared  to  the  mass  of  the  entire  body  is 
small;  while  animals  that  are  allowed  to  run  at  large  and  use  their  muscles 
actively  in  running  and  jumping  have  relatively  heavy  hearts.  Thus, 
for  example,  the  weight  of  the  heart  in  the  deer  is  proportionately  twice 
as  great  as  in  man  and  in  the  horse,  and  in  birds  still  greater  values  are 
found.  With  our  present  knowledge  this  interesting  fact  is  not  altogether 
easy  to  explain;  there  are  still  several  unknown  quantities  in  the  equation. 
The  explanations  that  suggest  themselves  are  the  relatively  large  mass 
of  muscle  in  wild,  nmning  animals,  the  small  quantity  of  fat  in  their 
bodies,  the  large  extent  of  the  surface,  and  the  wide  fluctuations  of  tem- 

*W.  Mttller,  "Die  Massenverh&ltnisse  des  menschlichen  Herzens/'  Hamburg, 
1884.     Bergmann,  "Dissertation/'  Munich.  1884. 

t  Bergmann,  "Ueber  die  Grdsse  des  Herzens  bei  Menschen  und  Thieren/'  dis- 
sertation, Munich,  1884.  Parrot,  in  SprengePs  "Zoologische  JahrbQcher,"  1893, 
vii,  p.  496. 
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perature  to  which  they  are  exposed;  that  is,  there  is  an  increased  demand 
on  heat  regulation,  which  in  turn  is  intimately  associated  with  the  in- 
creased amount  of  work  performed  by  the  circulation.  Peculiarities  in 
the  mode  of  life  may  also  affect  the  work  to  be  performed  by  the  heart, 
a  point  on  which  our  knowledge  is  still  incomplete. 

Hence  the  observations  at  our  disposal  are  not  yet  quite  suflScient  to 
enable  us  to  draw  any  final  conclusions  about  the  factors  which  determine 
the  weight  of  the  heart  in  the  individual  animal  or,  to  be  more  exact,  in 
the  individual  species.  The  path  pointed  out  by  W.  Miiller  and  Bollinger 
must  be  trodden  by  other  investigators,  who  will  undertake  the  equally 
difficult  and  time-consuming  task  of  finding  out  to  what  extent  the  weight 
of  the  heart*  alone  bears  a  definite  relation  to  the  mass  of  certain  tissues, 
such  as  the  muscles  and  the  large  glands,  for  example,  and  their  relation 
to  definite  visceral  functions  necessarily  associated  with  the  mode  of  life 
of  the  individual  species. 

There  is  no  doubt  that  definite  relations  exist.  In  the  general  sense  the  question 
must  be  unreservedly  answered  in  the  affirmative,  simply  because  it  cannot  be 
otherwise.  If  the  assumption  that  the  volume  of  the  muscle  is  determined  chieflv 
by  the  extent  of  its  function  is  correct,  the  sum-total  of  the  work  performed  by  aU 
the  organs  in  the  body  must  find  its  expression  in  the  absolute  weight  of  the  heart. 

In  order  to  obtain  a  basis  for  estimating  the  size  of  the  heart,  it  must  be  com- 
pared with  the  entire  work  of  the  organism,  or,  as  the  latter  is  practically  not  men- 
surable, with  the  weight  of  the  functionating  paTench;^atou8  cells,  assuming  that 
the  weight  is  determined  by^  the  degree  of  function.  This  assumption  is  unquestiona- 
YAy  coirect  in  the  case  of  muscles,  and,  as  the  latter  make  up  by  far  the  greater 
half  of  all  parenchymatous  tissue,  the  above-mentioned  theory  of  a  relation  between 
the  weight  of  the  heart  and  that  of  the  skeletal  muscles  is  undoubtedly  justified. 
Parrot's  tables,  however,  contain  some  very  considerable  gaps,  showing  that  still 
unknown  factors  are  at  work. 

The  function  of  the  dands  calls  for  still  more  accurate  investigation.  Investi- 
gations of  the  hiunan  kidney  teach  us  that  the  weight  of  the  organ  also  grows  in 
proportion  to  its  function,  and  as  the  latter  is  possible  only  in  the  presence  of  a 
sufficient  blood-supply,  a  definite  relation  probably  exists  between  tne  weight  of 
the  gjands  and  that  of  the  heart. 

In  man  these  things  must  be  so;  they  cannot  be  otherwise,  for  these 
important  primary  truths,  judging  by  what  we  know,  apply  at  least  to 
the  entire  series  of  vertebrates.  In  addition,  the  excellent  S3rstematic 
investigations  of  W.  Miiller  on  a  large  number  of  cadavers  and  the  very 
interesting  investigations  carried  on  by  Hirsch"^  in  the  same  way  have 
yielded  accurate  averages  for  the  relation  between  the  weight  of  the  heart 
and  that  of  the  body.  These  figures  show  that  individu^s  who  have  to 
do  hard  manual  work  also  have  heavy  hearts;  ^but,  so  far  as  we  are  at 
present  able  to  judge,  the  weight  of  the  heart  in  these  individuals  bears 
about  the  same  relation  to  the  weight  of  the  body  with  its  well-developed 
muscles  and  freedom  from  fat  as  in  the  case  of  individuals  in  a  moderate 
state  of  nutrition.  It  seems  to  me,  however,  that  it  would  be  desirable 
in  this  connection  also  to  examine  a  number  of  healthy  individuals  engaged 
in  some  definite  occupation,  for  instance,  men  who  have  to  do  heavy 
physical  work  every  day,  in  order  to  find  out  whether  the  weight  of  the 
heart  in  such  individuals  exhibits  any  special  peculiarities.  Bergmann'sf 
observations  on  the  deer  and  the  observations  of  veterinary  surgeons  on 
race  horses,  although  the  bulk  of  the  skeletal  muscles  has  not  been  de- 

♦  Hirsch,  " Archiv  ftkr  klinische  Medicin,"  Ixiv,  p.  597. 

t  Friedberger  and  Fr6hner,  "Lehrbuch  der  speciellen  Pathologie  und  Therapie 
der  Hausthiere,"  4th  edition,  Stuttgart,  1896,  vol.  i,  p.  503. 
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termined,  give  one  the  impression  that  in  these  animals,  which  exercise 
so  violently,  the  weight  of  the  heart  increases  at  a  much  more  rapid  rate 
than  does  that  of  the  voluntary  muscles.  In  the  case  of  man,  we  have 
no  convincing  observations.  Bollinger's*  investigations  justify  the 
supposition,  however,  that,  under  certain  circumstances,  very  severe 
muscular  exertion  in  man  also  causes  a  more  rapid  and  more  marked 
increase  in  the  size  of  the  heart  as  compared  with  the  development  of  the 
skeletal  muscles.  In  such  a  case  the  possibility  of  hjrpertrophy  due  to 
overwork  would  naturally  suggest  itself. 

In  healthy  men  who  are  engaged  in  very  severe  muscular  work 
it  cannot,  at  least  in  the  great  majority  of  cases,  be  proved  that  the  size 
of  the  heart  is  greater  than  would  naturally  be  expected. 

My  attention  has  been  given  to  these  matters  for  the  past  twelve  years, 
and  I  have  examined  a  number  of  men  who  do  the  heaviest  kind  of  work 
every  day  from  morning  till  night.  So  long  as  these  men  kept  healthy 
I  could  fmd  no  sign  of  abnormal  enlargement  of  the  heart.  C.  Gerhardt 
and  Romberg  had  similar  experiences.  While  this  is  important  from  a 
medical  standpoint,  observations  carried  on  in  this  way  can  be  applied 
to  questions  of  biology  only  with  the  greatest  caution,  for  it  is  exceedingly 
■difficult  to  recognize  a  slight  or  even  moderate  increase  in  the  size  of  the 
heart  in  the  living  subject.  In  going  over  the  literature  I  found  one  ex- 
ception to  the  above  observations.  Henschenf  saw  in  several  Laplanders 
who  were  prize  skee-runners,  hypertrophy  of  the  entire  heart  or,  at  all 
events,  an  undoubted  hypertrophy  of  the  left  ventricle,  with  perfect  or 
even  greatly  increased  functional  power. 

I  must  repeat,  however,  that  what  we  need,  above  all,  is  accurate 
weighings;  the  results  of  examinations  of  living  subjects  are  much  too 
ambiguous  to  be  correctly  interpreted.  For  individuals  who  do  hard 
work  also  have  well-developed  lungs  and  thorax,  and  since  the  size  of  the 
heart  as  determined  in  the  living  subject  is  after  all  only  relative,  the 
boundaries  of  the  heart  need  not  necessarily  change  in  such  individuals, 
even  if  the  absolute  weight  of  the  organ  has  increased. 

The  physiology  of  the  question  is  still  quite  obscure  in  many  respects. 
During  severe  muscular  exertion  there  is  no  doubt  that  the  work  of  the 
heart  is  very  materially  increased.  The  work  performed  by  the  heart  may, 
with  tolerable  accuracy,  be  represented  as  the  product  of  the  mass  of 
blood  propelled  by  the  ventricle  and  the  resistance  encountered.  We 
shall  confine  ourselves  here  to  the  left  ventricle,  because  the  conditions 
in  the  right  are  not  sufficiently  well  known  for  purposes  of  discussion. 
The  arterial  tension  during  muscular  exercise  appears  to  vary  in  different 
cases.  In  man  it  is  often  found — ^with  Basch's  sphygmomanometer — to 
be  increased,t  nor  do  I  believe  that  the  result  is  due  to  any  faultiness  in 
the  method;  the  same  observation  was  made  in  the  dog,§  while  in  the 
horse  the  arterial  tension,  in  the  opinion  of  all  observers,  is  diminished.  || 
The  cause  of  these  differences,  whether  they  depend  on  the  kind  of  move- 

*Gocke,  "Dissertation,"  Munich,  1883. 

tUenschen,  "  Mittheilungen  aus  der  medicinischen  Klinik  zu  Upsala/'  Jena, 
1899.  p.  53. 

;  Maximowitsch  and  Rieder,  "Archiv  fQr  klinische  Medicin,"  vol.  xlvi,  S.  329. 
Oertel,  "AUgemeine  Therapie  der  Kreislaufstdrungen/'  fourth  edition,  p.  170. 
Tschlenoff,  "Zeitschrift  fQr  aiatetische  und  physikalische  Therapie,"  vol.  i. 

STangl  and  Zuntz,  "PflOger's  Archiv,"  vol.  Ixx,  p.  544. 

{{Kaufmann,  "Arch,  de  physioiogie,"  1892.  Zuntz,  cited  from  Tschlenoff, 
loc.  cit. 
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ment,  the  animars  condition  as  regards  training,  or  habituation,  still 
remains  to  be  discovered. 

It  would  be  useful  to  know  the  effect  on  the  blood-pressure  of  the  work 
which  an  individual  is  used  to  doing  every  day,  as  that  is  the  essential 
point.    But  even  that  information  might  not  be  decisive. 

What  we  wish  to  know  is  the  total  amount  of  work  performed  by  the 
heart.  But  as  the  degree  of  distention  and  the  output  of  the  heart  are 
materially  increased  during  muscular  work,  as  appears  probable,  at  least 
on  general  grounds,  and  has  been  specifically  proved  by  Zuntz,*  the 
arterial  tension  ought  to  undergo  a  marked  fall,  even  if  the  work  of  the 
heart  were  merely  to  remain  the  same,  which  is  certainly  not  the  case. 
So  far  as  I  can  see  now,  I  am  inclined  to  believe  that  the  work  of  the  heart 
is  certainly  increased  during  muscular  exertion,  although  there  is  no  doubt 
a  tendency  for  the  vessels  to  dilate  in  order  to  regulate  the  action  of  the 
heart,  t 

Under  such  circumstances  it  would  be  remarkable  if  the  size  of  the 
heart,  as  a  whole,  were  not  altered  at  the  same  time.  In  my  opinion 
this  very  positively  indicates  that,  on  the  whole, — say  during  twenty-four 
hours, — ^the  work  of  the  heart  is  not  materially  increased  as  compared 
with  the  amount  of  work  performed  during  rest.  The  details  of  this 
process  of  equalization  need  not  be  discussed. 

There  is  one  point  I  should  like  to  call  attention  to,  however,  which  is  that  heart 
and  vessels  form  a  functional  unit.  We  do  not  know  as  yet  what  individual  processes 
regulate  the  cooperation  of  the  various  structures,  but  there  is  no  doubt  that  it  is 
of  vital  importance  for  the  tissues  that  their  functionating  cells  should  receive  a 
plentiful  supply  of  blood  under  a  certain  degree  of  pressure.  They  are  capable 
of  attracting  blood  to  themselves  by  some  unknown  forces,  causing  dilatation  of 
the  afferent  vessels,  t  The  work  of  the  heart  during  this  process  need  not  necessarily 
be  modified;  for  imder  certain  conditions  one  system  of  organs  may  be  almost 
bloodless,  while  under  different  conditions  the  same  system  may  receive  large 
<]uantities  of  blood  under  high  pressure  and  moving  at  considerable  velocity, — that 
is,  at  a  time  when  other  vascular  regions  are  correspondingly  depleted, — ^and  the 
work  of  the  heart  may  remain  the  same  in  both  conditions. 

This  procedure  on  the  part  of  the  organism  is  well  known,  but  we  do  not  know 
to  what  extent  it  is  employed. 

As  in  order  to  preserve  life  the  blood-supply  of  numerous  organs  must  not 
fall  below  a  certain  minimum,  it  is  obvious  that  an  abundant  blood-supply  cannot 
be  furnished  to  a  large  number  of  cells  at  the  same  time  without  an  increase  in  the 
velocity  of  the  circulation,  and  such  an  increase  must,  as  has  already  been  mentioned, 
so  far  as  the  volume  of  the  ventricular  beat  increases  and  the  blood-pressure  does 
not  fall  in  the  same  decree,  be  accompanied  by  an  increase  in  the  work  of  the  heart. 

For  our  purposes  it  is  important  to  know  to  what  extent  active  muscles  can 
receive  the  large  c^uantities  of  blood  which  they  need  by  abstracting  it  from  other 
organs,  that  is,  without  affecting  the  work  of  the  heart.  This  depends  in  part  on 
the  strength  of  the  muscular  contractions — the  intensity  of  their  need  for  blood. 
In  the  second  place  it  depends  on  the  number  of  muscles  engaged.  As  a  smaller 
nimiber  of  muscles  with  a  weaker  innervation  sufHces  to  perform  a  certain  amount 
of  accustomed  work  than  is  required  to  perform  the  same  amount  of  unaccustomed 
work,  it  follows  that  the  work  of  the  heart  diminishes  with  training.  Finally,  it 
depends  on  the  need  for  blood  (activity)  of  other  groups  of  cells.  The  problem 
is,  therefore,  quite  complicated,  and  it  will,  no  doubt,  cost  much  labor  to  solve  it. 

The  influence  of  jjregnancy  on  the  heart  is  merely  the  influence  of  a 
general  increase  in  the  volume  of  the  body.    On  this  point  the  observa- 

*  Zuntz,  "Deutsche  medicinische  Wochenschrift,"  1892,  No.  6  and  13. 

t  Compare  Sommerbrodt,  "Ueber  eine  bisher  nicht  gekannte  wichtige  Einrich- 
tung  des  Organismus,"  Tubingen,  1882.  Ibid,,  "Berliner  klinische  Wochenschrift," 
1894,  No.  5.    Oertel,  loc,  cit. 

JSee  Bier,  "Virchow's  Archiv,"  vol.  cxlvii  and  cliii. 
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tions  of  W.  Miiller,*  Bollinger-Dreysel,t  and  HirschJ  are  in  perfect 
accord. 

Among  the  variable  factors  that  influence  the  volume  of  the  myocar- 
dium the  one  that  is  undoubtedly  of  the  greatest  importance  is  the  amount 
of  work  performed  by  it  and  by  the  skeletal  muscles.  The  heart  possesses 
the  power,  by  changing  its  tonicity  and  its  contractility,  of  adapting  itself 
to  a  great  variety  of  conditions;  within  wide  limits  it  is  capable  of  taking 
up  and  expelling  large  quantities  of  blood  and  of  overcoming  great  resist- 
ance. The  heart  does  this  almost  in  an  instant,  as  soon  as  the  demand  is 
made  upon  it,  and  this  wonderful  faculty  of  the  heart,  which  alone  makes 
life  possible,  is  designated  its  power  of  cuxommodation.'^  What  this  faculty 
really  is  we,  of  course,  do  not  know;  but  whatever  it  may  be,  it  is  cer- 
tainly an  inherent  property  of  the  heart  muscle. 

The  power  of  the  heart  to  meet  the  constantly  changing  demands  of  the  circa- 
lation  within  such  wide  limits  forms  part  of  the  wonderfm  mechanism  for  the  main- 
tenance of  the  circulation.  It  goes  hand  in  hand  with  the  changes  in  the  vessel- 
walls,  and,  reasoning  by  analogy,  with  the  physi(»l  and  chemic  regulation  of  heat, 
it  is  probable  that  the  increase  in  the  activity  of  the  heart,  which  is  associated  with 
increased  metabolism,  is  capable  of  effecting  that  which  fluctuations  in  the  width 
of  the  vessels  are  not  able  to  accomplish. 

It  has  been  shown  with  absolute  certainty  by  v.  Frey ||  that  the  healthy 
heart,  when  accommodating  itself  to  altered  conditions,  also  performs 
more  work;  that  is,  whenever  the  heart  adapts  itself  to  an  increase  in  the 
resistance  or  to  higher  degrees  of  distention  (fulness),  its  work  is  always 
increased.**  It  is  true  that  the  evacuation  of  the  ventricles  is  neither  so 
complete  nor  so  rapid  when  the  resistance  is  greatly  increased  and  when 
larger  quantities  of  blood  are  to  be  expelled  as  under  normal  conditions; 
but  the  deficit,  both  as  regards  quantity  of  blood  and  velocity,  is  not  by 
any  means  so  large  as  the  increase  in  the  vdocity  in  the  former  case  and 
the  increase  in  the  volume  of  the  output  in  the  latter.  Hence  it  must 
be  accepted  that  the  accommodation  of  the  heart  keeps  pace  with  the  in- 
crease in  the  amount  of  work  performed. 

The  power  of  the  muscle-cells  to  asshnilate  nutritive  material  and  to 
enlarge  increases  at  the  same  time,  the  necessary  material  being  supplied 
by  a  copious  flow  of  blood.  The  muscle-fibers  become  thicker  than 
normal.ft  The  process,  which  in  the  normal  individual  begins  at  birth 
and  continues  until  late  in  life,  here  exhibits  a  more  rapid  evolution. 
The  thickening  of  the  muscle-fibers  is  undoubtedly  the  most  important 
result  of  their  increased  fimction.  In  addition,  there  seems  to  be  a  nu- 
meric increase  Jt  as  compared  with  the  first  process;  however,  this  is 
doubtless  secondary. 

*  W.  Miiller,  loc.  cit.,  p.  218.  For  the  older  literature  see  Lohlein,  "Zeitschrift 
iHr  Geburtshilfe  und  Frauenkrankheiten,"  vol.  i.  p.  482. 

t  Dreysel,  "Mtlnchener  medicinische  Abhandlungen,"  i,  p.  3, 1891. 

X  Hirsch,  loc,  cit,,  p.  5. 

§  The  theory  underlying  these  processes  is  discussed  by  Krehl,  "Pathologische 
Physiologie,"  pp.  3  et  seq. 

Jl  v.  Freyj^VArchiv  far  klinische  Medicin,"  vol.  xlvi,  p.  398.  Compare  O.  Frank, 
"Zeitschrift  fUr  Biologic,"  vol.  xxxii,  p.  370. 

**  For  an  accurate  exposition  of  the  principles  involved  see  Krehl,  "Pathologische 
Physiologie,"  pp.  7  et  seq, 

tt  For  the  hterature  see  Goldenberg, "  Virchow's  Archiv,"  vol.  ciii,  p.  88.  Original 
observations  in  Cioldenberg,  loc,  cit,  Facilides,  "Dissertation,"  Leipzig,  1870; 
Tangl,  "  Virchow's  Archiv,"  vol.  cxvi,  p.  432. 

tl  See  Zielonko,  "Virchow's  Archiv,"  Ixii,  p.  29,  where  the  literature  will  also 
be  found.     Goldenberg,  loc.  cit,    Schalk,  "Dissertation,"  Wtirzburg,  1882. 
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The  above-described  change  in  the  muscle-fibers,  therefore,  brings 
about  a  thickening  of  the  musculature  in  those  portions  of  the  heart  which 
perform  an  increased  amount  of  work.  If  the  weight  of  these  portions 
exceeds  the  mean  (as  determined  by  W.  Miiller's  method),  we  speak  of 
hypertrophy  of  the  corresponding  portion  of  the  muscle,  and  this  is  the 
only  condition  that  is  called  hypertrophy.  If  a  muscular  individual  has 
an  enlarged  ("erstarkt")  heart,  corresponding  in  weight  to  the  body- 
weight,  such  a  heart  cannot  be  called  h3rpertrophic*  (see  the  remarks  on 
p.  485). 

The  airai^ement  and  function  of  the  cardiac  musculature  is  such  that  the  auri- 
cles and  the  individual  ventricles  may  hypertrophy  independently.  It  is  simfdy 
absurd  to  doubt  this  proposition,  as  is  still  so  often  done;  hypertrophy  of  one  chmn- 
ber  does  not  necessarily  induce  hypertrophy  of  the  other.  This  nas  been  proved 
both  by  pathologic  observations  and  bv  animal  experimentsf  whenever  attention 
has  been  directed  to  the  question,  ana  the  phenomenon  is  in  entire  accord  with 
our  views  in  regard  to  the  course  of  the  muscie-fibers  in  the  heart.  J 

The  relation  existing  between  increased  work  of  the  heart  and  the 
development  of  hypertrophy  of  the  muscle  is  so  close  that  the  former  can 
be  positively  deduced  from  the  latter,  provided  only  the  diagnosis  of 
hypertrophy  is  assured. 

This  is  often  quite  difficult,  and,  in  fact,  the  only  method  that  is  absolutely 
above  criticism  is  that  of  W.  MOUer.  which  consists  in  determining  the  weight. 
Mere  inspection  frequently  yields  doubtful  results;  for  there  are  two  factors  with 
reciprocal  relations  to  be  considered:  the  thickness  of  the  muscular  wall  and  the 
width  of  the  cavities.  Tliere  is  no  need  here  to  enter  into  further  detail,  but  it  was 
necessary  to  point  out  the  difficulties  that  exist,  because  it  is  only  by  taking  them 
into  account  that  we  can  understand  why  so  many  of  the  statements  are  uncertain 
and  why  we  are  so  little  acquainted  with  apparently  the  simplest  things. 

The  degree  of  hypertrophy  of  a  given  portion  of  the  heart  must  be 
regarded  as  a  direct  measure  of  the  degree  of  increase  in  the  work,  which 
cannot  be  determined  by  the  duration  §  of  the  hypertrophy  nor,  above 
all,  by  the  general  condition  of  the  organism.  Again  and  again  we  meet 
with  the  assertion  that  cachexia  may  prevent  the  development  of  hyper- 
trophy. But  this  is  inadmissible  on  theoretic  grounds  alone;  for  the 
muscle  either  performs  the  increased  amount  of  work  demanded  of  it, 
and  in  that  case  must  hypertrophy,  or  hypertrophy  fails  to  take  place 
under  conditions  that  call  for  its  development,  and  in  that  case  it  is  always 
a  sign  either  that  the  work  demanded  of  the  muscle  is  not  increased  or 
is  not  being  performed.  In  the  latter  event  cardiac  weakness  (failure) 
is  the  inevitable  result. 

Experience  is  unanimous  on  that  point:  cardiac  hjrpertrophy  is  ob- 
served in  persons  in  the  most  depraved  state  of  health,  and  in  the  animal 
also  the  condition  develops  even  when  it  is  enormously  emaciated.  || 

The  growth  of  the  muscle-fibers,  when  the  work  of  the  heart  is  increased,  har- 
monizes with  our  knowledge  of  cellular  physiology.**  If  the  cell  is  acted  upon  by 
stimuli  to  assimilation,  and  sufficient  nutntive  material  is  supplied,  growth  takes 

*  Bauer,  in  Bauer  and  Bollinger,  "Festschrift  ftlr  M.  v.  Pettenkofer,"  Munich, 
1893. 

t  Compare  Romberg  and  Hasenfeld,  "Archiv  fur  experimentelle  Pathologic," 
zzxix,  p.  341. 

X  Krehl,  "Abhandlungen  der  S&chsischen  Gesellschaft  der  Wissenschaften. 
Mathematisch-physikalische  Classe,"  vol.  xxvii,  No.  5. 

§  See  Romberg  and  Hasenfeld,  loc,  cit. 

II  Tangl,  "  Virchow's  Archiv,"  vol.  cxvi.     Romberg  and  Hasenfeld,  loc,  cii. 
**  Compare  Verwom,  " Allgemeine  Physiologic,"  second  edition,  p.  534. 
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place.  The  bloodnsupply  of  the  muscle  always  increases  in  response  to  heightened 
function,  and  in  the  same  way,  if  the  cell  is  stimulated  to  greater  activity,  it  acquires 
the  power  not  only  to  make  good  the  loss  of  substance,  out  also  to  zrow — tnat  is, 
to  bring  about  numeric  ana  volumetric  increase  of  the  individual  cells.  Both 
processes  are  limited  by  the  changes  in  metabolism  associated  with  enlargement 
of  size.  That  is  why,  when  the  extra  demands  on  the  heart  exceed  a  certain  limit, 
cardiac  insufficiency  instead  of  additional  hypertrophy  is  the  result. 

The  caiise  of  cardiac  hjrpertrophy  may  be  any  one  of  the  processes 
that  increase  the  work  of  a  muscular  part.  The  individual  conditions 
will  be  found  discussed  at  length  in  connection  with  the  different  diseases. 
Essentially,  cardiac  hypertrophy  results  from  the  necessity  of  propelling 
larger  quantities  of  blood,  of  overcoming  increased  resistance,  or  a  com- 
bination of  both  factors;  and  each  of  these  may  be  due  to  a  variety  of 
causes  in  the  individual  case. 

I  should  like  to  call  attention  to  a  matter  which  seems  to  me  to  possess  peculiar 
importance.  Any  etiologic  factor,  whether  it  be  known — as  in  the  case  of  valvular 
lesions — or  unknown — as  in  the  case  of  diseases  of  the  kidneys,  which  are  possi- 
tively  known  to  produce  hypertrophy — acts  continuously,  day  and  night,  with 
each  contraction  of  the  heart.  It  is  perhaps  more  than  an  accident  that  other 
factors,  on  the  contrary,  which  are  given  as  occasional  causes  for  the  development 
of  cardiac  hypertrophy,  but  are  not  by  any  means  generally  recognized  as  such, 
only  act  at  times  and,  as  compared  witn  the  entire  day  of  twenty-four  hours,  often 
for  only  a  comparatively  short  time.  To  what  extent  the  condition  can  be  neutral- 
ized during  the  intervals  we  cannot  as  ^et  state  positively,  as  this  again  depends 
on  certain  factors  that  have  been  mentioned  above:  thus,  severe  bodily  exertion 
causes  an  increase  in  the  weight  of  the  heart  in  healthy  individuals;  but,  so  far  as 
we  know  at  present,  the  increase  is  not  greater  in  proportion  than  that  of  the  skeletal 
muscles,  ana,  of  course,  work  of  this  kind  is  only  peiformed  at  long  intervab. 

A  very  important  point,  therefore,  ur^ntly  demands  further  investigation,  t.  e., 
the  amount  of  work  done  by  the  heart  in  the  intervals  between  excessively  hard 
work.  For  the  purely  mechanic  explanation  of  these  forms  of  cardiac  hypertrophy, 
in  which  the  increase  in  the  work  of  the  heart  is  never  persistent  ana  uniform, 
hinges  on  the  question  whether  the  excessive  amount  of  work  performed  by  the 
organ  at  certain  times  is  or  is  not  completely  recovered  from  (equalized)  at  other 
times  (during  rest).  Does  a  diseased  heart  or  the  heart  of  an  individual  exposed 
to  certain  definite  influences  differ  from  that  of  a  healthy  individual?  This,  there- 
fore, is  another  point  that  may  possibly  have  considerable  influence  on  the  develop- 
ment of  hypertrophy,  and  there  is  at  least  one  more  that  deserves  consideration. 
Accommooation  of  the  heart  follows  increase  of  its  work.  Although  it  is  not  known 
what  determines  the  measure  of  accommodation,  the  view  that  a  diseased  paren- 
chyma, or  one  that  is  exposed  to  the  action  of  substances  of  any  kind,  is  abnormally 
irritable,  and  therefore  responds  even  to  a  slight  stimulus  by  an  abnormally  increased 
activity,  is  not  to  be  altogether  rejected.    There  are  many  analogies,  as,  for  exam- 

Ele,  in  the  nervous  system.     Under  such  circumstances  it  is  evident  that  cardiac 
ypertrophy  must  easily  develop. 

That  portions  of  the  heart  which  actually  perform  an  increased  amount 
of  work  for  any  length  of  time  undergo  h3^rtrophy  can  no  longer  be 
doubted.  But  it  is  not  necessarily  true  that  the  stimulation  incident 
to  the  performance  of  function  is  the  only  cause  of  increase  in  the  number 
and  size  of  the  muscular  fibers.  Processes  associated  with  inflammation 
have  again  and  again  vindicated  their  claim  to  the  possession  of  the  same 
faculty.*  There  is  no  doubt  that  an  inflammatory  process  is  capable 
of  inciting  abnormal  proliferation  of  parenchyma  cells,  as  in  the  case  of 
epithelium.  Whether  the  same  process  takes  place  in  the  heart  does 
not  as  yet  appear  from  the  available  material.    The  assertions  advanced 

*  Bard  and  Philippe  say,  for  example,  in  their  excellent  treatise  on  chronic 
myocarditis  ("Revue  ae  mMecine,"  1891,  p.  351),  that  hypertrophy  of  the  muscle 
is  a  constant  phenomenon  in  chronic  myocarditis. 
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by  Buhl*  can  no  longer  be  utUized,  but  I  have  myself  frequently  gained 
the  impression  that  a  myocarditic  heart  was  hypertrophic  in  cases  in 
which  I  could  not  attribute  the  condition  to  any  one  of  the  known  causes 
of  hypertrophy.  I  will  not  venture  to  call  it  more  than  an  impression, 
because  I,  unfortunately,  did  not  carry  out  any  careful  weighing.  It  is 
possible  that  this  question,  which  is  so  vitally  important,  might  be  decided 
by  W.  Miiller's  method,  and  until  it  is  decided,  speculations  about  the 
nature  of  the  process  may  as  well  be  abandoned.  There  are,  in  fact, 
several  possibilities,  none  of  which  are  very  remote. 

The  importance  of  hypertrophy  for  the  functional  capacity  of  the  heart 
is  unquestionably  very  great.  While  at  first  it  may  only  be  a  sign  that 
the  organ  is  responding  to  an  increased  demand,  after  a  time  it  is  not  too 
much  to  say  that,  although  a  muscle  of  abnormal  voliune  may  be  able  to 
perform  a  considerably  greater  amoimt  of  work,  such  a  thing  is  only  pos- 
sible through  increased  exertion  of  the  muscle,  which,  of  course,  lessens 
its  power  to  respond  to  still  further  demands.  After  h)rpertrophy  has 
developed,  on  the  other  hand,  the  muscle  again  enters  a  state  of  equilib- 
riimi,  which  enables  it  to  respond  to  an  increased  demand  for  work 
without  any  special  exertion.  Hence  the  faculty  of  accommodation  is 
also  increased,  and  by  virtue  of  this  faculty  the  muscle  is  able  to  propel 
more  blood  and  overcome  greater  resistance  in  response  to  increased 
•demand  nearly  or  quite  as  in  the  case  of  a  healthy  heart. 

This  view  of  the  importance  of  hypertrophy  is  confirmed  by  nmnerous 
clinical  observations.  One  often  encounters  persons  with  cardiac  h)rper- 
trophy  in  whom  the  capacity  of  the  organ,  especially  when  the  original 
trouble  which  is  responsible  for  the  h3rpertrophy  is  taken  into  account, 
is  actually  the  same  as  in  a  healthy  person,  and  continues  so  for  years 
or  even  decades.  Other  physicians  besides  myself  have  frequently  made 
this  observation.f 

In  general  we  believe  that  cardiac  hypertrophy,  after  a  certain  time, 
gives  way  to  insufficiency,  and  in  many  respects  the  view  is  quite  correct. 

Everybody  envies  a  man  with  strong  skeletal  muscles,  and  no  one  pre- 
dicts a  gloomy  future  for  him  on  that  accoimt;  but  in  the  case  of  the  heart, 
such  a  prognosis  is,  to  a  certain  extent,  justified,  not  on  accoimt  of  the 
muscular  h)rpertrophy  as  such,  but  either  because  the  cause  of  the  cardiac 
change  is  a  morbid  process  and  shows  a  progressive  tendency,  so  that  in 
the  end  the  demands  on  the  heart  will  exceed  its  functional  power  and 
acconmiodation,  and  insufficiency  be  the  result,  or  because  the  develop- 
ment of  h)rpertrophy  is  from  the  very  beginning  accompanied  by  the 
causes  of  injury  to  the  heart  muscle,  which  in  turn  cause  deficient  heart 
action. 

It  is  more  difficult  to  treat  these  matters  as  a  whole  than  to  take  them 
up  separately,  because  special  factors  come  into  play  in  every  individual 
case;  they  will,  therefore,  be  discussed  in  connection  with  the  various 
forms  of  diseases  of  the  heart  muscle. 

For  the  present  we  shall  merely  answer  the  question  which  has  already 
been  asked:  how  are  we  to  regard  the  importance  of  hypertrophy  in 
general?  Is  it  a  condition  in  which  the  heart  muscle  is  overstrained  and 
but  little  room  is  allowed  for  still  further  accommodation?    This  is  the 

*v.  Buhl,  "Mittheilungen  aus  dem  pathologischen  Institute  zu  MQnchen," 
Stuttgart,  1878,  p.  38. 

t  Compare  Andrew  Clark,  "British  Medical  Journal,''  1887|  pp.  259,  315,  370. 
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view  of  Martins,*  as  set  forth  by  him  in  an  interesting  treatise.  As  haa 
b^n  mentioned,  Romberg  and  I  do  not  share  this  view.  I  have  already 
given  the  argmnents  derived  from  chnical  observations,  which  appear 
to  me  to  contradict  it.  In  addition,  the  theory  is  directly  refuted  by 
animal  experiments  performed  by  Romberg  and  Hasenfeld.f  In  rabbits 
with  h)rpertrophy,  the  result  of  insufficiency  of  the  aortic  valves,  **the 
heart  muscle  has  a  supply  of  available  strength  for  external  work  equal 
to  the  normal.  The  reserve  strength  of  the  normal  and  that  of  the  hyper- 
trophied  heart  muscle  are  equally  great."  I,  therefore,  incline  to  regard 
the  question  as  definitely  settled,^  especially  as  my  own  view  is  supported 
by  every  general  consideration.  For  in  my  opinion  the  development  of 
h3rpertrophy  and  hyperplasia  as  such  is  difficult  to  understand  unless 
we  assume  that  a  new  state  of  equiUbrium  is  created.  But  if  increase 
in  the  size  of  the  fibers  progresses  pari  passu  not  only  with  an  increase 
in  their  strength,  but  also  with  an  increase  in  the  power  of  accommoda- 
tion, it  is  an  extremely  wise  provision  of  nature,  and  what  has  been  said 
above  in  regard  to  the  production  of  hypertrophy  also  harmonizes  fully 
with  this  view. 

The  difficulties  encountered  in  making  the  diagnosis  of  cardiac  hyper- 
trophy  vary  greatly,  depending  as  they  do  on  the  conditions  under  which 
the  h3rpertrophy  develops.  Accentuation  of  the  second  puhnonic  sound 
is  regarded  as  a  positive  sign  of  h3rpertrophy  of  the  right  'ventricle.  In 
itself  it  indicates  merely  an  increase  of  pressure  in  the  pulmonary  artery 
(see  p.  450),  but  we  know  that  if  the  increase  of  pressure  in  this  vessel 
persists  for  some  time,  h)rpertrophy  of  the  right  ventricle  results;  hence 
that  condition  may  be  assumed  to  be  present  if  accentuation  of  the  second 
pulmonic  is  persistently  heard.  Even  if  the  sound  is  heard  once,  the 
conclusion  is,  as  a  rule,  justified,  because  temporar^jiuusase  of  pressure 
in  the  pulmonary  artery  is  extremely  rare. 

Accentuation  of  the  second  aortic  sound  has  a  similar  significance  for 
the  left  verUride.  But  it  must  be  remembered  that  the  inexperienced  is 
in  danger  of  being  deceived  by  the  presence  of  sclerosis  of  the  ascending 
portion  of  the  aorta.  Another  indication  of  hypertrophy  of  the  left 
ventricle  is  found  in  the  apex-beat:  increased  resistance  and  heaving  of 
the  apex-beat  are  regarded  as  conclusive  evidence  of  the  existence  of 
cardiac  hypertrophy  when  foimd  in  association  with  a  normal  pulse  or 
one  with  abnormal  tension  (for  the  details,  see  p.  431).  It  has  already 
been  explained  that  these  findings  in  themselves  merely  indicate  increased 
activity  on  the  part  of  the  ventricles,  and  it  is  only  when  they  persist 
that  they  indicate  hypertrophy  of  the  muscle. 


CARDIAC  INSUFFICIENCY.     THE  VARIOUS  TYPES  OF 
CARDIAC  DILATATION. 

When  the  heart  is  not  able  to  satisfy  all  the  demands  made  upon  it, 
the  condition  is  described  as  cardiac  insufficiency. 

In  this  condition  also  the  pathologic  merges  into  the  normal,  and  it 

*Martiu8,  "Ergebnisse  der  aUgemeinen  pathologischen  Anatomie  und  Phy- 
siologie/'  1895,  p.  45. 

t  Romberg  and  Haaenfeld, " Archiv  fttr  experimentelle  Pathologie,"  vol.  xxxix, 
p.  362. 

I  Compare  the  exoeUent  presentation  of  Romberg,  "Congress  fOr  innere  Medi- 
cin,"  1899,  p.  116. 
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is  impossible  to  draw  a  sharp  line  of  separation.  Even  within  the  limits 
of  good  health  not  every  heart  is  capable  of  meeting  every  demand  that 
is  made  upon  it;  for  the  functional  capacity  of  the  organ  in  every  indi- 
vidual has  its  limits,  determined  partly  by  the  greatness  of  the  demands 
made  upon  it.  There  are  some  demands  which  are  beyond  the  strength 
of  even  the  strongest.  This  point  will  be  discussed  more  fully  in  conAec- 
tion  with  so-called  overexertion  of  the  heart. 

The  limits  of  functional  capacity  are  also  in  part  determined  by  in- 
dividual variations  in  the  working  capacity  of  the  heart,  which  is  influenced 
by  a  great  variety  of  factors.  Training  as  well  as  natural  disposition 
plays  a  very  important  r61e.  It  is  owing  to  these  two  factors  that  what 
is  very  well  borne,  or  performed  without  any  difficulty,  by  one  individual 
is  impossible,  or  at  least  harmful,  to  another,  and  that  the  amount  of  work 
which  the  same  individual's  heart  is  capable  of  varies  greatly  at  different 
times,  depending  partly  on  how  much  work  has  preceded  and  partly  on 
the  general  condition.  These  things  must  all  be  taken  into  consideration 
in  forming  an  opinion  of  the  functional  capacity  of  the  heart. 

The  essential  fact  in  cardiac  insufficiency  is  that  the  heart  is  unable 
either  to  receive  the  blood  which  flows  into  it  or  to  propel  the  mass  with 
the  necessary  velocity  as  required  by  the  condition  of  the  organism  at 
the  time.  In  other  words,  ttie  trouble  consists  in  deficient  power  of  dis- 
tention and  contraction,  and  the  question  is  veiy  much  complicated  by 
the  fact  that  either  the  entire  heart  or  only  individual  portions  may  be 
affected. 

Insufficiency  of  a  portion  of  the  heart  manifests  itself,  first  of  all,  by 
a  diminution  of  its  power  of  accommodation.  An  amount  of  work  which 
the  muscle  had  previously  been  able  to  do  easily  and  without  any  distress 
either  becomes  altogether  impossible  or  its  performance  is  attended  by 
palpitation  and  dyspnea.  In  cases  of  this  kind  a  moderate  amount  of 
work  is  usually  performed  without  any  trouble — that  is  to  say,  moderate 
muscular  movements  cause  the  patient  no  distress,  and  in  a  certain  sense 
he  is  well.  In  other  cases  he  is  comfortable  only  when  the  body  is  com- 
pletely at  rest. 

At  another  stage  of  the  trouble  the  organ  is  not  even  capable  of  taking 
care  of  the  small  quantities  of  blood  required  by  the  circulation  during 
muscular  rest,  or  to  overcome  the  slight  resistance  in  the  arterial  system. 
This  separation  into  different  stages  is,  of  course,  quit€  arbitrary,  and 
each  group  embraces  a  great  many  different  degrees  of  cardiac  disturb- 
ance. Just  as  in  diabetes  sugar  assimilation  is  reduced  in  varying  de- 
grees,— as  the  existence  of  the  trouble  in  the  mildest  cases  is  discovered 
only  after  very  careful  observation  and  only  occasionally  causes  the  pa- 
tient any  discomfort,  while,  on  the  other  hand,  the  picture  of  grave  diabetes 
makes  an  indelible  impressipn  even  on  the  inexperienced, — ^so  it  is  with 
the  various  grades  of  cardiac  insufficiency.  In  both  conditions  the  dis- 
ease develops  from  a  normal  state  by  almost  imperceptible  degrees. 

In  reality  there  are  innumerable  transitional  forms  from  the  mildest 
grade  of  cardiac  insufficiency,  in  which  the  condition  is  barely  noticeable, 
to  the  most  profound  states  of  cardiac  weakness;  the  latter  frequently 
develop  from  the  former;  and,  finally,  the  disease  may  become  arrested 
at  any  stage  and  may  begin  at  any  stage.  There  are  many  reasons, 
chiefly  connected  with  the  question  of  treatment,  which,  in  my  opinion, 
make  it  desirable  to  distinguish  cases  in  which  the  work  of  the  muscle 
is  insufficient  even  during  rest,  and  the  deficiency  is,  therefore,  permanent 
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and  necessarily  attended  by  the  phenomena  of  abnormal  distribution 
of  blood,  presently  to  be  described,  from  cases  in  which  the  disturbance 
manifests  itself  only  when  a  greater  demand  is  made  on  the  heart.  In 
the  latter  class  the  disturbance  of  the  blood  distribution  only  lasts  a 
short  time,  and  for  that  reason  certain  pathologic  processes  which  follow 
in  the  wake  of  cardiac  insufficiency  do  not  develop.  In  my  opinion  it 
would  be  advisable  to  use  different  terms  to  describe  the  two  conditions. 

The  immediate  effect"^  of  insufficiency  of  a  portion  of  the  hearty  whether  it 
be  the  power  of  dilating  or  the  power  of  contracting  that  has  suffered,  is 
a  diminution  of  the  quantity  of  blood  in  the  arterial,  and  an  accumulation 
of  blood  in  the  venous,  portions  of  the  vascular  system.  It  follows,  from 
the  nature  of  the  causes  which  lead  to  cardiac  insufficiency,  that  both  parts 
are,  as  a  rule,  affected  (one  auricle  and  the  corresponding  ventricle  are 
counted  as  one  part).  Quite  frequently,  however,  the  left  and  the  right 
heart  are  affected  in  such  different  degrees  that,  in  order  to  understand  the 
clinical  s3rmptoms,  it  is  necessary  to  discuss  separately  the  functional 
disturbances  produced  by  each. 

Weakness  affecting  chiefly  the  left  ventricle  leads  to  diminished  filling 
of  the  systemic  arteries,  and  later  of  the  veins,  with  stagnation  in  the  left 
ventricle,  pulmonary  veins,  and  pulmonary  artery.  If  the  right  ventricle 
still  retains  sufficient  power  to  overcome  the  abnormal  resistance — in 
reality  it  is  not,  as  a  rule,  able  to  do  so  altogether,  although  quite  often 
to  a  considerable  extent — ^the  absolute  blood-pressure  in  the  lungs  is 
abnormally  high,  but  the  "head"  remains  approximately  the  same. 
The  resulting  phenomena  in  the  respiratory  apparatus  will  be  discussed 
in  the  next  section.  Theoretically,  there  is  no  congestion  in  the  systemic 
veins.  But,  since  the  functional  capacity  of  the  right  ventricle  is  not,, 
as  a  rule,  perfectly  intact,  more  or  less  venous  congestion  is  observed  in 
most  cases.  After  a  time,  of  course,  the  condition  becomes  stationary: 
the  right  ventricle  expels  no  more  blood  than  the  left  because  it  does  not 
receive  any  more.  The  velocity  of  the  circulation  is  diminished,  the  dis- 
tribution of  blood  modified,  and  the  lung  overfilled. 

When  the  right  heart  is  not  quite  able  to  perform  its  work,  the  blood  collects 
in  the  auricle  and  in  the  vense  cavae;  when  the  insufficiency  of  the  right 
ventricle  is  marked,  the  blood  stagnates  in  all  the  organs  and,  of  course, 
chiefly  in  the  more  inelastic  organs.  The  phenomena  produced  by  this 
congestion  in  the  various  systems  of  the  body  will  be  discussed  at  length 
in  the  next  section.  What  interests  us  chiefly  here  is  the  way  in  which 
the  S3rmptoms  are  combined. 

In  severe  cases  symptoms  of  congestion  manifest  themselves  in  all  the 
organs  of  the  body,  and  the  well-known  clinical  picture  results.  Even  in 
these  severe  cases  great  variations,  often  apparently  without  any  reason, 
are  observed  in  the  degree  to  which  the  various  tissues  are  implicated 
in  the  morbid  process;  but  in  the  milder  grades  of  congestion  these  vari- 
ations are  very  much  more  marked.  In  these  cases  only  a  single  organ 
is  sometimes  involved,  at  least  so  far  as  gross  observation  during  life  is 
able  to  determine;  or  only  two  may  be  involved — ^in  fact,  the  most  re- 
markable variations  are  seen. 

The  reasons  for  this  curious  behavior  are,  for  the  most  part,  obscure. 
I  fully  share  the  opinion  of  Romberg  that  individual  peculiarities  have 

♦Compare  v.  Basch, "Allgemeine  PhvBiologie  und  Pathologic  des  Kreislaufee/' 
Vienna,  1892.  Moritz  "Archiv  far  klinische  Medicin,"  vol.  Ixvi,  p.  349.  Krehl, 
''Pathologische  Physiologie." 
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much  more  influence  on  the  character  of  the  disease  than  have  the  causes 
of  cardiac  weakness. 

When  the  right  ventricle  is  weak,  the  arteries,  as  a  rule,  contain  less 
blood  and  the  tension  is  lower  than  normal,  even  when  the  work  of  the 
left  heart  is  comparatively  good.  This  is  due  to  the  fact  that  the  left 
ventricle  cannot  propel  as  much  blood  as  usual,  because  it  receives  less. 
The  arteries  contract,  all  the  other  signs  of  disturbance  of  the  cardiac 
action  make  their  appearance,  and  the  pulse  becomes  smaller,  less  full, 
and — ^if  the  contraction  of  the  vessels  is  not  sufficient  to  compensate  for 
the  diminished  quantity  of  blood — also  weaker.  Hence  weakness  of  the 
right  ventricle  is  always  followed  by  disturbances  in  the  arterial  side  of 
the  vascular  system  and  slowing  of  the  circulation. 

Clinically,  isolated  weakness  of  one  portion  of  the  heart  only,  without 
involvement  of  any  other  is  never  seen;  for  the  poisons  which  enter  the 
heart  from  the  blood-<;urrent  affect  all  portions  of  the  organ.  Muscular 
exertion,  with  the  demand  it  makes  for  dealing  with  a  sudden  inflow  of 
excessive  quantities  of  blood  and  the  rapidly  developing  abnormal  re- 
sistance, always  influence  both  sides  of  the  heart,  although  not  always 
in  the  same  degree;  and  ail  anatomic  processes  in  the  heart  muscle 
are  of  such  a  nature  that  they  usually  involve  the  entire  organ. 

Nevertheless,  there  are  sufficient  reasons  for  the  existence  of  imequal 
disturbances  of  the  individual  parts.  Even  inflammations  may  in  some 
cases  attack  one  portion  of  the  heart  more  severely  than  another;  this 
is  particularly  the  case  in  coronary  sclerosis  (g.  v.) :  the  left  coronary  artery 
is  attacked  distinctly  more  often  than  the  right.  It  is,  therefore,  easy 
to  understand  why  dyspnea  is  observed  so  frequently  in  this  particular 
condition.  A  familiarity  with  the  circulation,  when  the  disturbance  in 
an  individual  portion  of  the  heart  is  chiefly  functional,  is,  therefore,  most 
desirable,  if  not  indispensable.  I  have  not  mentioned  the  auricles  sep- 
arately because  in  disturbances  of  the  circulation*,  so  far  as  is  known, 
they  act  essentially  as  appendages  to  the  veins.  If,  as  is  usually  the  case 
in  life,  the  strength  of  both  ventricles  is  impaired,  a  combination  of  secon- 
dary phenomena  results — diminished  velocity,  altered  distribution  of 
blood,  with  lessened  quantity  of  blood  in  the  arteries  and  engorgement 
of  the  veins.* 

When  one  portion  of  the  heart  is  unable  to  contract  completely,  a 
larger  quantity  of  blood  remains  in  that  portion  at  the  end  of  systole, 
more  blood  flows  in,  and  the  cavity  dilates  and  exceeds  the  mean  volume 
in  diastole  and  systole — ^in  short,  a  condition  is  produced  which,  in  general, 
is  called  dilatation. 

It  would  be  a  great  mistake,  however,  to  regard  every  dilatation  of 
individual  portions  of  the  heart  as  pathologic. 

It  has  been  mentioned  repeatedly  that  the  volume  of  the  auricles,  as 
well  as  that  of  the  ventricles,  undergoes  rapid  and  marked  changes,  de- 
pending on  the  pressure  and  quantity  of  the  inflowing  blood.  The  accu- 
racy with  which  the  heart  is  able  to  adapt  both  its  diastolic  size  and  the 
strength  of  its  contractions  to  the  quantity  of  blood  that  flows  into  it  is 
one  of  the  chief  attributes  of  this  wonderful  organ — in  other  words,  the 
tonicity  and  the  contractile  power  of  the  heart  muscle  depend  on  the 
demands  that  are  made  upon  it.  Thus,  for  example,  during  muscular 
movements  marked  diastolic  dilatation  may  be  associated  with  unusually 
extensive  and  vigorous  systoles. 

♦For  the  theory  of  these  processes  see  Krehl,  " Pathologische  Physiologic," 
p.  65. 
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It  would  be  entirely  wrong  to  regard  such  a  dilatation  of  the  cavities 
of  the  heart  as  pathologic.  When  we  use  the  term  dilatation  of  the  heart 
loosely  to  describe  a  pathologic  condition,  we  have  in  mind  a  condition  that 
is  entirely  and  fundamentally  different  from  the  above,  namely,  dilatation 
of  the  heart  the  result  of  insufficient  contraction. 

This  form  has  been  called  congestive  dilatation  (Stauimgsdilatation) 
to  distinguish  it  from  the  first-mentioned  or  compensatory  form;  the 
distinction  has  also  been  made  between  "active  "  and  "passive  "  dilata- 
tion. These  terms  ought  not  to  be  discarded  because  the  rigid  distinction 
which  must  be  made  between  these  two  concepts  is  more  readily  retained 
if  definite  terms  are  used. 

Passive  {congestive)  dHaiation  causes  an  enlar^ment  of  the  boundaries  of  the 
ge  for  the  individual's  period  of  life, 


heart  beyond  the  average  for  the  individual's  period  of  life,  and,  if  the  dilatation 
affects  the  left  ventricle,  diminution  in  the  force  of  the  apex-beat,  while  in  the  case 
of  either  ventricle  the  corresiDonding  second  sound  at  the  base  is  dimini^ed  in 
intensity.  The  mode  of  arriving  at  a  diagnosis  with  the  means  at  present  at  our 
disposal  has  been  described.  In  addition,  the  effects  of  cardiac  weakness  on  the 
blood-vessels  and  other  organs  is  also  taken  into  account. 

Whenever  the  quantity  of  blood  that  enters  the  arteries  is  diminished, — ^it  has 
been  explained  under  what  circumstances  this  takes  place. — changes  in  the  arterial 
pulse  make  their  appearance.  It  becomes  smaller,  less  full,  softer,  and  may  exhibit 
the  changes  in  rhythm  described  on  another  page. 

llie  symptoms  dependent  upon  congestion  of  blood  in  the  lungs  will  be  discussed 
in  connection  with  the  respiratoiy  apparatus.  Engorgement  of  the  systemic  veins 
manifests  itself  by  swelling  and  in  peculiar  movements  in  the  visible  veins  (see  p. 
475),  as  well  as  by  characteristic  phenomena  in  certain  organs,  especially  the  liver. 
kidne3rs,  gastro-intestinal  canal,  and  skin.  The  resulting  symptoms  will  tie  discussed 
in  the  following  section. 

In  order  to  make  a  diagnosis  of  cardiac  insufficiency  it  is  necessary  not 
only  to  be  perfectly  familiar  with  the  symptoms  of  the  condition,  but  also 
to  inquire  into  every  detail  of  the  history  and  make  a  most  searching  ex- 
amination of  the  patient;  for  the  functional  or  structural  disturbances 
in  the  various  organs  are  often  so  slight  as  to  be  readily  overlooked  by  a 
superficial  observer. 

No  one  has  any  difficulty  in  recognizing  pronounced  insuflSciency 
which  is  constantly  present  imder  all  circumstances,  and  with  a  certain 
knowledge  of  physiologic  conditions  it  is  usually  possible  to  determine 
which  part  of  the  heart  is  chiefly  Tiffected. 

The  problem  is  a  much  more  difficult  one,  however,  in  slight  and  very 
insignificant  degrees  of  cardiac  weakness,  when  the  organ,  under  ordinary 
conditions, — ^for  example,  during  complete  bodily  and  mental  rest, — 
apparently  responds  fully  to  all  the  requirements  and  the  disturbance 
shows  itself  only  when  greater  demands  are  made  on  the  functional 
capacity.  In  such  cases  objective  examination  is  often  absolutely  dis- 
appointing; during  rest  there  is  not  a  sjnmptom  either  in  the  circulation 
or  in  the  other  organs.  Objective  examination  of  the  fimctional  capacity 
of  the  heart  is,  no  doubt,  destined  in  future  to  give  the  best  results;  for 
the  present  we  have  to  depend  for  information  chiefly  on  the  patient's 
statements  in  regard  to  subjective  disturbances  of  the  various  organic 
functions,  and  the  latter  will,  no  doubt,  always  play  an  important  part 
because  they  are  noticed  early,  especially  by  observant  persons. 

In  determining  the  significance  of  objective  disturbances  in  organs, 
which  will  be  described  later,  even  the  most  insignificant  details  must 
be  taken  into  account — such,  for  example,  as  a  slight  swelling  of  the  liver 
or  an  obstinate,  although  quite  moderate,  bronchitis.    Here,  again,  it 
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is  important  to  find  out  whether  there  has  been  a  change  from  normal 
conditions  and  whether  the  existing  functional  disturbance,  whatever 
it  may  be,  cannot  be  explained  in  some  other  way — by  the  patient's  diet, 
mode  of  life,  and  the  Uke. 

Dilatation  of  this  kind  may  be  due  to  any  of  the  causes  that  diminish 
the  contractile  power  of  the  heart;  the  existence  of  such  a  cardiac  dila- 
tation is  always  a  direct  sign  that  certain  portions  of  the  organ  are  not 
performing  their  functions  perfectly. 

There  is  no  doubt  whatever  that  the  great  majority  of  cases  of  cardiac 
dilatation  observed  during  life  are  due  either  to  the  fact  that  the  heart  mus- 
cle receives  excessively  large  quantities  of  blood  into  its  cavities  and  ex- 
pels them  again,  or  that  the  contractions  are  insufficient,  so  that  the  blood 
is  retained  in  the  chambers  of  the  heart,  with  a  resultant  loss  of  tone 
and  dilatation.  There  is,  however,  another  possible  mechanism  which 
must  not  be  altogether  disregarded,  and  which,  in  fact,  I  regard  as  probable. 
It  is  possible  that,  as  Bauer*  maintains,  the  symptoms  lunge  on  diminu- 
tion of  the  muscular  tonicity  during  diastole.  The  existence  of  dilatatioa 
of  the  heart  with  unimpaired  power  of  contraction  has  been  referred  to. 
This  condition  exists  when,  with  a  healthy  heart  muscle,  abnormal  quan- 
tities of  blood  enter  the  cavities  of  the  heart  during  diastole  and  are  again 
expelled.  Insufficiency  of  the  aortic  valves  is  a  classic  example  of  this 
condition.  It  is  also  true  that  we  sometimes  see  dilatation  of  the  heart 
associated  with  apparently  unimpaired  contractile  power  of  the  muscle 
and  without  finding  an3rthing  that  might  cause  the  entrance  of  excessive 
quantities  of  blood  during  diastole.  These  forms  of  dilatations  are  fre- 
quently associated  with  h3rpertrophy  of  the  muscle. 

I  can  think  of  no  other  explanation  for  this  condition  than  a  supposed 
primary  diminution  of  the  muscle  tone.  This  would  be  followed  by  over- 
filling of  the  ventricles;  for  we  know  from  Hesse's  investigations  that, 
under  normal  conditions,  the  filling  of  the  cavity  is  arrested  by  the  rapidly 
increasing  tension  of  the  wall.  If  the  contractile  power  is  preserved  and 
the  entire  (increased)  contents  are  expelled,  the  circulation  will  be  accel- 
erated and  more  blood  will  again  enter  the  heart.  Thus  the  organ  does 
more  work  and  must,  therefore,  undergo  h3rpertrophy.  The  question 
involves  matters  which  are  in  urgent  nc«d  of  further  investigation,  and 
to  take  it  for  granted  that  they  are  really  well  known,  would  only  act  as 
a  bar  to  further  investigation  of  these  questions  and  put  off  their  final 
solution.t 

Clinicians  have  ever  maintained  that  h3TDertrophy  develops  from  dila- 
tation. This  assertion  is  generally  accepted  for  the  small  number  of 
cases  so  far  reported  of  active  dilatation  with  an  increased  amount  of 
blood;  but  those  who  are  not  content  with  anything  short  of  a  full  and 
complete  understanding  of  the  processes  of  the  circulation  look  upon  the 
development  of  h3rpertrophy  from  dilatation  with  profound  skepticism 
in  all  other  cases.  If,  as  has  just  been  shown,  it  is  assumed  that  the  mus- 
cular tonus  may  be  primarily  diminished  in  certain  cardiac  conditions, 
while  the  contractile  power  of  the  organ  remains  intact  or  practically 
intact,  it  is  not  difficult  to  understand  that  hypertrophy  of  the  heart  in 

*  Bauer, "  Festschrift  der  MQnchener  medicinischen  Facultat  fttr  M.  von  Petten- 
kofer,"  Munich,  1893,  p.  10. 

t  Compare  Henscnen,  ''Arbeiten  aus  der  medicinischen   Klinik  zu  Upsala," 
Jena,   1898.     H.  Herz,  "Ueber  die  active  Dilatation  des  Herzens,"   "Deutsche 
medicinische  Wochenschrift,''  1900,  No.  8,  9. 
32 
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such  a  case  also  may  develop  from  dilatation.  Bauer  believes  that  this 
diminution  of  the  tone  plays  an  important  part  in  the  pathogenesis  of  so* 
called  idiopathic  h3^rtrophy,  especially  the  forms  which  develop  after 
excessive  beer-drinking.  For  my  part  I  am  also  convinced  that  the  mus- 
cle tone  deserves  very  careful  investigation,  particularly  in  its  relations  to 
contractility.  The  question  is  exceedingly  complicated.  There  is  no 
doubt  that  h)rpertrophy  may  develop  in  a  heart  in  which  the  contractions 
are  relatively  deficient,  namely,  when  a  greater  demand  is  made  on  the 
affected  portions  of  the  heart  and  the  demand  is  partially  satisfied. 
Under  such  conditions  the  heart  muscle  is  in  the  peculiar  state  that  it 
performs  more  work  than  normally,  although  not  enough  to  achieve 
quite  all  that  is  required  of  it.  It  hypertrophies  because  it  is  doing  more 
work,  but  at  the  same  time  it  undergoes  passive  dilatation  because  it  is 
unable  to  do  as  much  work  as  it  ought.  In  such  a  case,  therefore,  hyper- 
trophy develops,  although  dilatation  is  present  at  the  same  time.  This 
condition  plays  an  important  part  in  the  development  of  valvular  defects 
and  in  other  conditions  also,  as,  for  example,  arteriosclerosis.  Theoret- 
ically, therefore,  the  conditions  are  altogether  different  from  the  condi- 
tions in  the  above-described  cases. 

Theoretically,  there  should  be  a  second  tjrpe  of  cardiac  insuflSciency 
due  to  insufficient  dilatation  of  the  cavities  during  diastole.  The  ca- 
pacity of  the  organ  to  take  up  varying  quantities  of  blood  without  much 
increase  in  the  tension  of  its  walls  is  as  natural  as  its  power  of  accommo- 
dation during  contraction.  The  disturbance  in  this  case  would  have  to 
consist  in  premature  stiffening  of  the  walls  and  would  lead  to  passive 
congestion  and  lowering  of  the  pressure  beyond  the  diseased  portion  of 
the  heart.  I  am  not  aware  that  there  is  any  known  clinical  picture  that 
could  be  identified  with  this  form  of  functional  anomaly,  and  it  is,  there- 
fore, not  worth  while  to  enter  any  farther  into  this  question. 

The  Functional  and  Structural  Disturbances  in  the  Muscle  Re- 
sponsible for  Cardiac  Insufficiency.  A  Few  Remarks  on  the  Path- 
ologic Anatomy. — When  the  heart  fails  to  respond  to  the  demands 
made  upon  it,  it  is  either  because  the  impulse  to  do  the  necessary  amount 
of  work  is  not  sufficient,  or  because  the  work  is  not  completely  performed. 
For  the  present,  however,  it  is  impossible  to  separate  these  two  conceptions 
in  this  discussion.  Both  depend  on  certain  peculiar  properties  of  the 
heart  muscle;  hence  disturbances  of  this  function  must  also  be  due  to 
changes  in  the  myocardium.  The  part  played  by  the  ganglia  and  nerves 
of  the  heart  remains  to  be  discovered  by  future  investigation.  At  pres- 
ent our  knowledge  in  regard  to  their  function  is  indefinite,  and  we  are, 
therefore,  unable  to  explain  functional  anomalies  by  any  structural 
changes  found  in  them.* 

Our  ignorance  of  these  matters  is  the  only  reason  why  we  do  not  enter  into 
them  more  fully.  For  the  present  they  baffle  us  completely:  no  one  who  has  any 
knowledge  of  the  subject  will  conclude  that  we  wish  to  underestimate  or  even  to 
suppress  the  importance  of  the  cardiac  ganglia;  but  there  is  nothing  gained  by 
taflung  at  length  about  hypothetic  matters  of  the  future. 

For  the  present,  therefore,  we  are  concerned  with  the  heart  muscle. 
Even  in  health  processes  take  place  in  the  heart  muscle  after  increased 
function  which  are  closely  related  to  insufficiency;   I  refer  to  fatigue. 

*  The  literature  on  this  subject  will  be  found  in  the  section  on  Diseases  of  the 
Cardiac  Nervous  System. 
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Fatigue  leads  to  certain  changes  in  striated  muscles  which  have  been  very 
carefully  examined  by  physiologists,  although  we  are  still  quite  in  the 
dark  in  regard  to  the  structural  and  chemic  conditions  which  determine 
these  changes. 

By  fatigue  we  mean  a  condition  of  diminished  functional  capacity 
which  follows  severe  exertion.  Processes  in  the  heart  and  in  the  skeletal 
muscles  are  obviously  very  similar;  only  we  are  not  as  yet  able  to  separate 
fatigue  of  the  heart  from  fatigue  of  the  muscles  generally.  Diu-ing  the 
period  of  rest  which  follows  excessive  activity  the  functional  capacity 
is  fully  restored  (see  p.  480). 

It  is  natural  to  assume  that  when  the  heart  muscle  has  been  damaged  in  any 
way,  it  is  especially  apt  to  become  fatigued;  but  we  have  no  positive  facts  to  prove 
this,  because  eveiy  attempt  to  obtain  more  accurate  knowledge  is  frustrated  by  the 
extremely  complicated  conditions  encountered. 

I  must,  at  least,  protest  against  the  freedom  with  which  pathologists 
explain  the  production  of  cardiac  insufficiency  by  fatigue.  It  only  acts 
as  a  bar  to  any  further  investigation  into  the  nature  and  causes  of  the 
process,  for  premature  aad  inadequate  explanations  partially  satisfy  the 
mental  discontent  indispensable  to  scientific  advance. 

In  the  interest  of  further  progress  I  would  urge  that  the  term  fatigue 
be  limited  to  the  class  of  cases  for  which  it  has  alwa3rs  been  used  generally, 
namely,  a  condition  of  diminished  functional  capacity  after  increased 
exertion.  As  Romberg  and  m3rself  have  shown  elsewhere,*  fatigue  in 
general  presupposes  recuperation;  the  latter  repairs  the  damages  caused 
by  the  former.  It  is,  therefore,  in  my  opinion,  improper  to  speak  of  per- 
manent fatigue.  There  may  possibly  be  such  a  condition,  but  to  assiune 
its  existence  would,  for  the  present,  unquestionably  retard  progress  and 
prevent  a  further  amplification  of  our  knowledge. 

If  an  individual  disregards  fatigue  and  continues  to  throw  a  severe 
strain  on  the  heart  in  spite  of  it,  the  injury  to  the  muscle  is  often  much 
greater  than  in  ordinary  fatigue;  for  recovery  takes  place  much  more 
slowly,  aad  in  some  cases  perhaps  not  at  all.  This  process  is  properly 
termed  overexertion,  and  the  condition  of  the  nvusde  which  results  therefrom, 
overdistention  of  the  heart.  Whenever  this  condition  develops,  it  is  because 
the  heart  has  performed  or  tried  to  perform  work  far  in  excess  of  what  it 
can  do  without  injury.  The  important  point  is  the  disproportion  be- 
tween the  strength  of  the  heart  and  the  demand  made  upon  it. 

An  attempt  was  made  in  the  section  on  Etiology  to  give  a  detailed  explanation 
of  these  matters,  and  it  was  seen  that  overexertion  pla^  an  important  part  as  a 
cause  of  disease.  The  muscular  fibers  as  they  contract  m  their  effort  to  overcome 
the  overwhelming  distention  with  blood  undergo  abnormal  distention.  The  same 
process  in  the  Edceletal  muscles  is  well  known  to  be  harmful;  but  we  do  not  know 
what  chemic  and  structural  disturbances  lie  at  the  bottom  of  the  condition,  any- 
more than  we  do  in  the  case  of  fatigue,  and  for  the  present  there  is  no  inunediate 
prospcKst  of  any  addition  to  our  knowledge.  It  will  be  difficult  to  acquire  this 
Knowledge  in  proportion  to  the  frequency  with  which  existing  pathologic  processes 
in  the  heart  are  responsible  for  the  overdistention.  Their  picture  will,  as  a  rule, 
first  meet  the  microscopist's  eye  and  make  it  more  difficult  for  him  to  recognize  the 
manifestations  of  the  other  process. 

In  cases  of  intoxication  the  conditions  are  very  similar.  Neither 
chemic  nor  microscopic  analysis  renders  us  any  assistance  in  the  diagnosis^ 
especially  during  the  first  stages,  although  even  now  conscientious  work 

*  Krehl  and  Romberg,  "Archiv  ftir  experimentelle  Pathologic,"  vol.  xxx,  p.  157. 
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in  this  field  is  not  without  hope  of  success,  for  we  are  approaching  familiar 
grounds.  We  know  that  certain  definite  abnormalities  in  cellular  struc- 
ture— so-called  parenchymatous  degenerations — are  chiefly  attributable  to 
the  action  of  poisons. 

'  In  the  heart  the  most  important  changes  in  the  muscle-cells  consist 
in  granular,  hyaline,  and  fatty  degeneration.  The  general  principles  that 
underlie  the  production,  appearance,  and  distribution  of  these  degenera- 
tions in  the  heart  will  not  be  considered  here,  as  some  of  these  things  must 
be  mentioned  in  the  various  sections. 

In  regard  to  the  relations  existing  between  these  structural  changes 
and  the  functional  capacity  of  the  heart,  a  sharp  distinction  must  be 
made,  so  far  as  I  can  see,  between  the  damage  caused  by  fatty  d^nera- 
tion — ^which  offers  the  best  opportunities  for  stud3dng  the  condition — 
through  the  destruction  of  contractile  substance,  and  its  significance  as 
a  sign  of  the  action  of  certain  poisons.  Like  the  majority  of  pathologists, 
we  take  the  groimd  that  cellular  albumin  in  certain  forms  of  degeneration 
is  partly  converted  into  fat  and  that  the  fat  may  remain  within  the  cells. 
Fatty  degeneration  is,  therefore,  a  sign  of  diminution  of  albumin  in  the 
parenchyma  cells.  Theoretically,  this  must  affect  the  contractile  power 
■of  the  muscle-fibers  unfavorably;  to  what  degree,  depends  chiefly  on  the 
intensity  and  extent  of  the  fatty  degeneration.  Actual  experience  is 
in  accord  with  this  theoretic  assimiptioh.  There  are  hearts  in  which  the 
great  majority  of  the  muscle-fibers  are  d^enerated,*  in  which  a  large 
percentage  of  fat  is  present  in  the  muscle,t  and  which  have  thereby  si3- 
fered  a  serious  loss  of  function. 

These  cases  are  not  very  frequent,  and  it  may  be  said  positively  that 
a  considerable  degree  of  fatty  degeneration  (following  phosphorus-pois- 
oning) is  not  incompatible  with  a  fair  degree  of  functional  capacity.^ 
This,  in  my  opinion,  is  positively  proved  by  the  fact  that  pure  fatty  de- 
generation as  such,  so  long  as  it  does  not  exceed  certain  limits, — as  is 
usually  the  case, — has  a  relatively  slight  effect  on  the  strength  of  the  heart. 
This  view  is  supported  by  direct  observation.  For  a  time  fatty  degenerc^- 
tion  of  the  myocardium  was  regarded  by  pathologists  as  the  most  impor- 
tant cause  of  insufliciency ;  but  it  was  found  from  microscopic§  as  well  as 
chemic  ||  investigations  that  in  those  cases  in  which  it  was  chiefly  to  be 
expected  the  degeneration  actually  proved  to  be  of  but  small  extent. 

There  is  no  doubt  that  our  views  in  reeard  to  fattv  degeneration  are  in  a  transi- 
tion stage.  In  addition  to  the  local  proauction  of  tat  from  cellular  albumin,  the 
question  of  immigration  of  fat  plavs  an  important  part  not  only  in  the  case  of  the 
hver,  but  in  other  organs  as  well.  This  renders  the  question  more  complicated 
than  was  formerly  believed,  but,  on  the  other  hand,  the  association  of  an  accumula- 
tion of  fat  in  the  cells  with  preserved  function  is  more  comprehensible. 

The  whole  question  is  still  further  complicated  by  another  factor. 
There  is  no  doubt  that  under  certain  circumstances  fatty  d^eneration 
occurs,  so  to  speak,  in  an  imcomplicated  form,  that  is  to  say,  there  are  cases 

*  See,  for  example,  Curschmann,  "  Archiv  far  klinische  Medicin,"  vol.  xii,  p.  193. 

t  Krehl,  "Archiv  ftlr  klinische  Medicin,"  vol.  li,  p.  446. 

t  Welch,  "Medical  News,"  1888.  Quoted  from  Virchow-Hirsch's  "Jahresbe- 
richt."  Balint,  "Deutsche  medicinische  Wochenschrift,"  1898,  No.  1,  2.  Hasen- 
feld  and  Fenyvessy,  "Berliner  klinische  Wochenschrift,"  1899,  No.  4. 

§  Krehl,  "  Archiv  fttr  klinische  Medicin,"  vol.  xlvi  and  xlviii.  Romberg,  iWd., 
vol.  xlviii  and  xlix. 

II  Krehl,  "Archiv  fOr  klinische  Medicin,"  vol.  li,  p.  416. 
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in  which  the  cause  sinks  into  insignificance  beside  the  effect  produced  by 
the  fatty  degeneration  on  the  function  of  the  heart — this  is  not  by  any 
means  always  the  case.  In  a  great  many  cases  of  fatty  degeneration  a 
severe  intoxication  is  the  primary  cause,  and  in  such  cases  it  is,  above  all, 
important  to  know  what  influence  the  intoxication  has  on  the  cardiac 
function.  It  seems  to  me  that  the  effect  of  the  intoxication  varies  very 
greatly  in  different  cases.  It  is  evidently  not  very  great  in  phosphorus 
poisoning,  although  here  also  it  is  not  altogether  wanting ;  in  this  condition 
dilatation  of  the  heart  and  disturbances  of  the  rhythm  are  also  observed. 

The  conditions  are,  I  believe,  quite  different  in  cases  of  poisoning  asso- 
ciated with  bacterial  infection.  So  far  as  we  know,  these  forms  are  ex- 
ceedingly dangerous  to  the  circulation;  it  is  not  the  fatty  degeneration 
so  much  as  the  toxic  injury  to  the  muscle  that  is  responsible,  and  the 
degeneration  must  be  regarded  as  an  expression  and  concomitant  of  the 
injury  to  the  muscle. 

What  has  been  said  applies,  in  my  opinion,  also  to  the  functional  sig- 
nificance of  granular  and  of  hyaline  degeneration,  and  it  is  immaterial 
what  views  in  regard  to  their  relations  to  fatty  degeneration  are  adopted. 

The  protoplasmic  spindle  surrounding  the  nucleus  of  the  muscle-fiber  is, 
in  many  cases,  greatly  increased  both  in  width  and  in  length;  in  the  latter 
case  the  nuclei  of  two  adjacent  fibers  may  be  united  by  a  strip  of  proto- 
plasm. Hardened  preparations  sometimes  convey  the  impression  of 
gaps  in  the  protoplasm.  The  functional  significance  of  these  changes  is 
as  obscure  as  their  origin,  but  experience  teaches  that  they  occur  in  con- 
ditions associated  with  diminished  heart  power.*  As  they  represent  a 
destruction  of  the  living  substance,  it  appears  safe  to  assume  that  they 
bear  a  causal  relation  to  the  diminution  of  functional  capacity. 

I  shall  not  venture  to  render  a  judgment  in  regard  to  the  significance 
of  fragmentaMon  of  the  heart  muscle.^  If  the  process  becomes  extensive, 
it  cannot  possibly  be  without  any  effect  on  the  heart.  The  great  question 
is,  when  does  the  change  develop?  Is  it  an  agonal  change  J  and,  therefore, 
merely  the  expression  of  approaching  death? 

Next  we  have  the  changes  in  the  muscle  nuclei.  Sometimes  they  ex- 
hibit a  pathologic  increase,  but  this  is  assuredly  not  a  frequent  occurrence, 
and  caution  must  be  observed  in  giving  an  opinion,  because  the  number 
of  nuclei  varies  with  the  patient's  period  of  life,  being  normally  large  in 
children,  for  example. 

Much  more  frequently  the  shape  of  the  nucleus  is  aUered,^  Large, 
swollen,  flat,  badly  staining  specimens  are  quite  frequently  encountered, 
or  the  nucleus  may  be  several  times  its  normal  length,  or  constricted, 
or  may  stain  very  deeply.  In  other  cases  the  nuclei  are  reduced  in  size 
and  shrunken.  Again,  a  copious  brown  pigmentation  often  accumulates 
in  the  protoplasmic  spindle  surrounding  the  nucleus.    These  changes  in 

*  Compare  Lupine  and  Molard,  "Archives  de  m^edne  exp^rimentale/'  1891, 
vol.  iii,  p.  776. 

t  For  the  literature  see  Karcher.  " Archiv  fOr  kliniBche  Medicin,"  vol.  Ix,  p.  67. 
Compare  v.  Recklinghausen,  ''Vernandlungen  dee  intemationalen  Congresses  in 
Berhn,"  vol.  iii,  p.  67.  [Hektoen,  "Seonentation  and  Fragmentation  of  the  Myo- 
cardium," "American  Journal  of  the  Medical  Sciences,"  November,  1897. — ^Ed.1 

X  v.  Recklinghausen,  loc.  cit,  [For  an  accidental  fragmentation  in  some  cases, 
see  Buhlig,  "Journal  of  Medical  Ri»earch,"  vol.  vii,  p.  4^. — ^Ed.] 

§  An  excellent  review  of  the  nuclear  changes  in  diseased  heart  muscle  is  given  by 
Romberg,  "Archiv  fQr  klinische  Medicin,"  vol.  xlviii,  p.  383.  The  most  Important 
treatises  on  the  subject  are  also  cited. 
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the  nuclei  impress  me  as  signs  of  degeneration,  and  I,  therefore,  assume 
at  once  that  they  are  not  indifferent,  but  have  some  effect  on  the  function 
of  the  muscle-fibers.  The  more  wide-spread  the  degeneration,  the  more 
far-reaching  will  be  its  injurious  effect.  So  much  no  one  will  doubt; 
but  for  the  present  we  have  no  more  accurate  means  of  estimating  quan- 
titatively the  injury  produced  by  these  granular  degenerations. 

Degenerations  may  undergo  involution;  at  least  we  know  positively 
that  many  of  them  do.  But  for  involution  to  take  place,  the  vitality  of 
the  muscle-fiber  must  be  preserved.  Dead  muscle-fibers  are  not  replaced 
by  living  fibers,  or  at  best  only  to  a  very  limited  extent,  and  there  is  alwa3rs 
danger  that  these  degenerations  may  lead  to  atrophy  of  the  fibrils.  In 
what  way  this  atrophy  develops  and  what  are  the  intermediate  stages 
will  depend  on  the  intensity  and  kind  of  the  exciting  cause.  An  excellent 
example  of  this  is  foimd  in  anemia.  If  a  portion  of  the  heart  is  deprived 
of  blood,  even  for  a  short  time  only,  the  fibers  rapidly  die;  on  the  other 
hand,  if  there  is  merely  a  perceptible  anemia,  various  forms  of  degenera- 
tion develop,  and  if  the  injury  persists  or  increases,  the  degeneration 
ultimately  goes  on  to  necrosis. 

Simple  atrophy  and  brown  atrophy  do  not  introduce  any  new  factor 
into  the  functional  disturbance;  their  injurious  effect  depends  on  the  re- 
duction in  the  size  and  number  of  fibers  and  the  damage  to  their  structure. 
This  is  always  the  salient  point  in  estimating  the  importance  of  a  patho- 
logic process  and  its  effect  on  the  cardiac  function,  provided  no  special 
factors  are  introduced  into  the  problem  by  intoxication. 

The  significance  of  necrosis  of  the  muscle' fiber s,  characterized  by  loss 
of  nuclei  and  transverse  striation,  need  not  detain  us.  It  indicates  that 
function  has  entirely  ceased  in  the  affected  part.  The  degree  of  functional 
loss  arising  therefrom  depends,  of  course,  mainly  on  the  extent  of  the 
process;  but  it  is  often  astonishing  how  an  extensive  necrosis  may  exist 
with  unimpaired  cardiac  function  and,  therefore,  with  continued  life. 
In  the  future  we  may  possibly  learn  that  this  depends  on  the  seat  of  the 
foci;  for  the  present  there  is  nothing  to  be  said  on  this  point. 

Diseases  of  the  bloodr-vessels  of  the  heart,  especially  of  the  arteries, 
are  exceedingly  important.  These  diseases  usually  represent  processes 
which  belong  to  arteriosclerosis,  although  inflammation  of  the  arterial 
walls  also  occurs  in  con^uence  of  infectious  processes.  The  significance 
of  these  processes  lies  in  the  fact  that,  as  soon  as  the  arterial  disease 
causes  a  diminution  of  the  lumen,  the  blood-supply  of  the  portion  of  the 
heart  supplied  by  the  respective  vessels  suffers  in  exact  proportion  to 
the  interference  with  the  flow  of  blood.  All  grades,  from  complete 
necrosis  of  individual  portions  of  the  heart  such  as  follow  thrombotic  or 
embolic  occlusion  of  the  supplying  artery  to  the  mildest  form  of  fatty 
degeneration,  such  as  occurs  after  low  grades  of  anemia,  are  observed. 

All  that  has  been  said  in  regard  to  the  effect  of  these  degenerations 
on  function  applies,  of  course,  equally  to  the  effects  of  arterial  disease. 

And  exactly  the  same  principles — ^all  that  has  been  explained  in  the 
preceding  paragraphs — ^must  also  be  applied  in  estimating  the  functional 
disturbance  due  to  inflammation  of  the  muscle.  Inflammation  is  of  ines- 
timable value  in  allaying  our  craving  for  etiologic  knowledge,  because 
experience  dating  from  the  earliest  times  and  confirmed  again  and  again, 
as  well  as  diversified  in  a  number  of  ways,  shows  us  its  harmful  influence 
on  the  function  of  the  tissues.  More  specifically  inflammation  profoundly 
affects  the  contractile  power  of  the  muscle. 
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The  fact  is  well  established;  the  explanation  may  vary  slightly, 
depending  on  one's  general  ideas  in  regard  to  the  significance  and  relative 
importance  of  parenchymatous  and  interstitial  processes  in  inflammation. 
Here  we  shall  have  to  confine  the  discussion  to  the  heart.  Microscopic 
observation  shows  beyond  a  doubt  that  changes  in  the  muscle-fibers  and 
in  the  interstitial  tissue  may  be  highly  independent  of  one  another,  but 
may  also  be  combined  in  a  great  variety  of  ways.  In  cases  in  which  de- 
generations of  the  muscle-fibers  are  pronoimced,  what  has  been  said  above 
applies  with  special  force,  and  even  he  who  will  not  acknowledge  the  truth 
of  what  has  been  said,  will  have  to  admit  that  the  injury  which  attacks 
vessel-walls  and  connective-tissue  cells  is  not  likely  to  leave  the  function 
of  the  parenchyma  intact.  On  the  other  hand,  if  the  argument  is  used 
that  the  structure,  as  is  frequently  the  case,  remains  intact, — an  objec- 
tion which  I  acknowledge  is  a  weighty  one, — it  will  be  said  that  the  inter- 
stitial disease  constitutes  a  mechanic  or  chemic  disturbance  which  inter- 
feres with  the  contraction  of  the  muscle-fibers. 

The  nature  of  the  injury  can  be  partly  learned  by  the  course  of  the 
inflammation;  after  brief  (acute)  interstitial  processes  the  muscular  fibers 
may  entirely  regain  their  normal  condition.  But  even  in  processes  of 
short  duration  this  is  not  always  the  case;  and  if  the  process  is  protracted, 
the  muscle-fibers  always  fall  a  prey  to  the  various  forms  and  grades  of 
atrophy  and  degeneration. 

Whether  the  inflammation  is  to  be  acute  or  chronic  depends,  in  my 
estimation,  mainly,  or  even  exclusively,  on  its  cause.  Perhaps  one 
might  go  even  farther  and  say  that  it  depends  on  whether  some  injury 
acts  for  a  length  of  time  or  even  permanently.  It  is  quite  possible  that 
the  fimctional  injury  resulting  from  inflammation,  aside  from  its  extent, 
depends  in  a  great  measure  on  its  cause.  It  is  not  possible  to  do  more 
than  offer  a  hypothesis,  but  clinical  experience,  especially  in  heart  dis- 
eases, is  decidedly  in  favor  of  such  a  view. 

Acute  inflammation  manifests  itself  by  a  more  or  less  abundant  accu- 
mulation of  round-cells  in  the  interstitial  tissue.  This  infiltration  is 
frequently  more  marked  underneath  the  endocardium  and  pericardium, 
and  spreads  from  there  to  the  muscle;  the  intimate  relation  existing  be- 
tween endocaiditis,  pericarditis,  and  myocarditis  has  already  been  men- 
tioned. At  a  later  stage  delicate  embryonal  connective  tissue  containing 
an  abundance  of  cells  is  foimd  in  the  intervals  between  the  muscle-fibers. 
This  connective  tissue  gradually  becomes  denser,  and  its  cellular  con- 
stituents fewer;  the  muscle-fibers  contained  within  it  degenerate  and 
atrophy  in  a  variety  of  ways,  sometimes  by  a  gradual  diminution  of  the 
transversely  striated  substance,  so  that  at  last  nothing  remains  but  the 
pigmented,  protoplasmic  spindle  and  the  nucleus,  and,  finally,  the  entire 
fil^r  is  destroyed.  Thus  the  recent  inflammatory  focus  goes  through  a 
long  series  of  intermediate  stages  and  finally  becomes  the  well-known 
hard  cicatrix  containing  but  very  few  cells. 

The  connection  between  inflammatory  phenomena  and  the  formation 
of  embryonal  tissue,  which  is  such  an  important  pathologic  question, 
I  shall  purposely  disregard  because  it  has  no  immediate  bearing  on  our 
subject.  What  we  chiefly  want  to  know  as  physicians  is  the  amount  of 
functional  injury  to  the  heart  arising  from  these  interstitial  processes. 

The  significance  of  a  recent  inflammatory  irritation  has  already  been 
discussed.  How  about  the  chronic  processes?  They  manifest  them- 
selves in  two  forms:   either  in  the  form  of  more  or  less  circumscribed 
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foci,  or  diffuse,  causing  a  certain  thickening  of  the  connective  tissue 
already  existing  in  the  heart  (Dehio's  myofibrosis).* 

All  the  changes  produced  in  the  muscle-fibers  during  a  recent  inflam- 
mation occur  also  in  the  chronic  conditions  so  long  as  they  represent 
true  inflammatory  processes.  The  effect  may  possibly  be  less  intense, 
but  it  always  shows  itself  in  a  varying  degree.  On  the  other  hand,  the 
effect  is  unquestionably  absent  whenever  the  foci  consist  of  nothmg  but 
the  remains  of  an  inflammation — fibroid  patches,  in  other  words.  For 
the  latter  do  harm  only  through  the  loss  of  parenchyma  cells,  which 
they  have  displaced,  and  it  is  possible  that  the  weakening  of  the  muscle 
interferes  with  function  more  at  one  point  than  at  another.  Like  Rom- 
berg,t  I  cannot  bring  myself  to  accept  the  theory  which  finds  in  diffuse 
thickening  of  the  connective  tissue  a  protection  for  the  heart-wall. 

According  to  universal  belief,  circumscribed  scars  derive  their  origin 
from  inflammatory  foci.  The  development  of  diffuse  increase  of  the 
connective  tissue  or  myofibrosis,  according  to  Dehio,  is  due  to  purely 
mechanic  conditions.  The  muscle-fibers  are  supposed  to  be  partially 
destroyed  by  certain  influences  associated  with  (Ulatation  and  later  to 
be  replaced  by  connective  tissue  in  the  usual  way.  Although  the  demon- 
stration of  diffuse  connective-tissue  proliferation  appears  to  be  interesting 
and  to  have  an  important  bearing  on  our  understanding  of  functional 
disturbance  (I  have  myself  observed  it  not  infrequently  after  fatal 
cardiac  dilatation,  especially  when  associated  with  valvular  lesions),  I 
am,  nevertheless,  unable  to  accept  without  reservation  Dehio's  explana- 
tion of  the  pathogenesis  and  still  incline  to  the  belief  that  functional 
disturbance  is  very  frequently  directly  due  to  inflammation.} 

In  the  paper  just  referred  to,  and  in  a  number  of  other  excellent 
monographs  from  Dehio's  laboratory ,§  it  is  shown  that  the  formation  of 
connective  tissue  is  often  very  marked  in  the  auricles  of  the  heart.  This 
seems  to  me  an  important  point.  It  is  in  the  musculature  of  the  auri- 
cles at  the  point  of  origin  of  the  large  veins  that  the  stimulus  to  cardiac 
contraction  originates.  It  is,  therefore,  possible  that  disease  and  atrophy 
of  the  auricular  musculature  have  a  special  influence  in  producing  severe 
disturbances  of  the  contractions. 


FUNCTIONAL  AND  STRUCTURAL  DISTURBANCES  OF  ORGANS 

FREQUENTLY  ENCOUNTERED  IN  ASSOCIATION  WITH 

CIRCULATORY  DISTURBANCES. 

RESPIRATORY  APPARATUS. 

Any  disturbance  of  the  circulation  that  has  any  influence  at  all  on  the 
blood-stream  must  necessarily  affect  the  respiration,  for  respiration  and 
circulation  reciprocally  influence  one  another  in  a  great  variety  of  wavs. 

Respiratory  sensations  and  respiratory  movements  depend  upon  the 
interchange  of  gas  between  certain  cells  in  the  central  nervous  S3rstem, 
on  their  ability  to  take  up  oxygen  and  give  off  carbon  dioxid.    The  latter 

*  See  Dehio,  "  Archiv  fOr  klinische  Medicin/'  vol.  Izii,  p.  1. 

t  Romberg,  "Congress  fOr  innere  Medicin/'  1899.  p.  115. 

t  Compare  Krehl,  ''Archiv  f(lr  klinische  Medicin,*'  vol.  xlvii,  p.  414. 

§Rada8ew8ky,  ''Zeitschrift  far  klinische  Medicin,"  vol.  xxvii,  p.  381.  Sack, 
"Ueber  difuse  fibrose  Degeneration  der  VorhOfe  dee  Herzens,'*^  Dissertation. 
Dorpat,  1894. 
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again  depends  partly  on  the  condition  of  the  cells  and  partly  on  the  kind, 
quantity,  and  tension  of  the  gases  that  are  carried  past  the  cells.  Com- 
position and  velocity  of  the  blood  are,  therefore,  the  most  important 
factors,  and  both  are,  as  we  know,  very  much  dependent  upon  one  another. 

So  far  as  its  effect  on  respiration  is  concerned,  the  passage  of  the 
current  of  blood  must  be  considered  chiefly  as  it  affects  two  different 
parts  of  the  body:  the  sensitive  points  in  the  central  nervous  system 
and  the  lungs.  At  both  points  the  velocity  of  the  blood-current  is  the 
essential  thing.  In  the  lung,  since  the  width  of  the  pulmonary  vessels 
fluctuates  but  little,  the  velocity  may  be  directly  compared  to  the  quan- 
tity of  blood  passing  through  the  organ  in  a  unit  of  time,*  which  again 
undoubtedly  depends  on  the  difference  in  pressure  between  the  arterial 
and  venous  sides  of  the  pulmonary  circulation,  that  is,  oh  the  difference 
between  the  pressure  in  the  pulmonary  artery  and  that  in  the  left 
auricle.  When  the  left  ventricle  and  its  valves  are  normal,  the  pressure 
in  the  left  auricle  is  extraordinarily  low — either  negative  or  equal  to 
only  a  few  millimeters  of  mercury.  Hence  the  velocity  of  the  blood- 
stream in  the  lung  is  greatly  dependent  upon  the  filling  and  emptying 
of  the  right  ventricle,  and  in  the  same  way  everything  depends  on  the 
right  ventricle's  power  of  accommodation  whenever,  owing  to  some 
functional  anomaly  in  the  left  ventricle,  the  pressure  in  the  auricle  and 
pulmonary  veins  is  raisecl.  In  that  case,  if  the  right  ventricle  can  adapt 
itself  fully  to  the  increased  resistance,  the  blood  in  the  lung  will  be  sub- 
jected to  an  absolutely  higher  pressure,  although  the  ''head''  remains 
the  same.  It  is  probable,  however,  that  other  factors  then  become 
operative  and  affect  the  respiration  in  spite  of  the  fact  that  the  velocity 
is  preserved.    The  point  will  be  discussed  again. 

Although  this  explanation  is  somewhat  lengthy,  it  seems  to  me  neces- 
sary, in  order  to  render  the  complicated  relations  between  circulation 
and  respiration  more  intelligible.  That  the  velocity  and  quantity  of 
blood  passing  through  the  lungs  in  a  unit  of  time  depend  mainly  on  the 
activity  of  both  sides  of  the  heart  appears  to  be  self-evident. 

But  the  same  thing  is  true  also  of  the  quantity  and  condition  of  its 
gases.  Whatever  theory  be  adopted  with  regard  to  the  nature  of  the 
process  taking  place  in  the  lungs,  whether  the  interchange  of  gases  be 
regarded  as  a  result  of  differences  in  tension  or  as  the  product  of  a  secre- 
tory activity — ^in  ^ny  case  the  nature  of  the  blood-current  in  the  lungs 
must  have  an  important  influence  on  this  process.  Here,  again,  the  most 
important  factors  appear  to  be  the  velocity  and  the  quantity  of  blood  pass- 
ing through  the  lungs  in  a  unit  of  time.  He  who  believes  that  the  inter- 
change of  gases  in  the  alveoli  is  due  to  diffusion  will  have  to  remember 
how  very  small  is  the  difference  in  pressure,  which  undoubtedly  implies 
the  persistence  of  a  certain  degree  of  velocity  in  the  blood-current,  as 
otherwise  the  escape  of  carbon  dioxid  from  the  blood  and  the  entrance  of 
oxygen  into  the  blood  would  soon  suffer  materially.  But  he  who  adopts 
Bohr's  view  of  a  glandular  activity  must  also  grant  that  the  velocity  of 
the  blood  is  an  important  factor;  for  we  know  that  all  glandular  func- 
tions are  greatly  dependent  upon  the  velocity  of  the  blood. 

The  conditions  are,  however,  much  more  complicated.  In  the  first 
place,  a  copious  supply  of  blood  is  indispensable  for  the  maintenance 
of  adequate  nutrition  in  the  respiratory  epithelial  cells,  which  is  so  im- 
portant for  the  preservation  of  function,  and,  finally,  there  is  the  ventila- 
*  Compare  Romberg,  in  Ebstein-Schwalbe's  ''Handbuch/'  vol.  i,  p.  699. 
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tion  of  the  lungs.  The  latter  also  seems  to  be  greatly  dependent  upon 
cmiulatory  conditions. 

It  is  very  difficult  as  yet  to  give  anything  like  a  final  opinion  on  this 
point  because — although  it  seems  incredible — our  knowledge  of  the 
mechanism  by  which  the  air  is  carried  to  the  alveoli  is  unquestionably 
quite  inadequate.  How  far  does  direct  interchange  of  air  extend?  To 
what  extent  does  the  passage  of  air  from  one  part  of  the  bronchial  tree 
to  another  depend  on  diffusion?  By  what  mechanism  does  the  air  gain 
access  to  the  alveoli?  What  part  do  the  bronchial  muscles  take  in  respir- 
ation? All  these  questions  must  be  answered  before  we  can  quite  under- 
stand the  mechanism  of  respiration  in  heart  patients.  One  thing,  how- 
ever, we  can  say:  It  seems  that  the  accumulation  of  blood  in  the  lungs 
can  interfere  with  the  interchange  of  gases  even  in  the  absence  of  any 
loss  in  velocity  (or  in  the  quantity  passing  through).  This  is  the  case, 
for  example,  when  an  obstruction  at  the  mitral  orifices  (weakness  of  the 
left  ventricle  must  have  the  same  effect)  is  overcome  by  increased  action 
on  the  part  of  the  right  ventricle  and  the  current  of  blood  in  the  lungs 
has  approximately  the  same  "head,"  although  the  pressure  is  absolutely 
higher.  It  is  probable  that  this  affects  the  vital  properties  of  the  alveolar 
epithelium,  a  view  that  finds  support  in  a  number  of  things,  especially 
in  the  fact  that  disease  of  the  trachea  and  lungs  is  common  in  these 
conditions.  According  to  general  opinion,  however,  the  supply  of  air 
to  the  alveoli  is  directly  diminished,  because  the  engorged  blood-vessels 
are  supposed  to  bulge  into  the  alveolar  space  and  diminish  its  size.  Basch 
believes  that  the  abnormally  plethoric  lung  swells  and  becomes  rigid  and 
inmiovable.  This  view  has  always  appealed  to  me  very  strongly;  the 
experiments  on  which  it  is  based  seem  to  me  good,  and  the  entire  hypo- 
thesis a  useful  one  for  the  explanation  of  the  phenomenon  in  man.  In  the 
course  of  years,  however,  distinct  doubts  have  assailed  me;  for  it  must 
be  generally  admitted*  that  the  lungs  in  man  during  passive  congestion 
do  not  swell  to  a  degree  which  can  be  appreciated  by  the  physician.  I 
have  always  kept  a  special  lookout  for  this,  but  have  never  been  able 
to  observe  it,  nor  have  I  ever  seen  the  lung  become  rigid,  and  the  fault 
cannot  be  laid  to  methods  of  examination  in  the  living  subject,  as  they 
are  quite  adequate  for  that  purpose. 

I  cannot,  therefore,  bring  myself  to  share  v.  Basch's  view  in  its  pres- 
ent form,  especially  since  the  beautiful  observations  and  interesting 
interpretations  of  Krausf  prove  that  during  dyspnea,  produced  by 
violent  muscular  exertion  in  heart  patients,  the  respiratory  voliune 
of  the  lungs  is  not  restricted. 

This  does  not  exhaust  the  question,  however,  for  we  still  have*  to 
reckon  with  the  effect  of  the  pneumogastric  on  the  lungs.  Unfortunately, 
our  knowledge  of  the  extent  to  which  respiratory  sensations  or  modifica- 
tions of  the  respiratory  movements  can  be  initiated  through  the  agency 
of  the  nerve-endings  in  the  lungs  is  very  limited.  There  is  no  reason 
why  this  should  not  be  the  case;  only  we  are  not  aware  as  yet  of  any 
physiologic  facts  that  can  be  used  as  arguments  in  its  support.  It  is  a 
theory,  however,  that  would  render  many  pathologic  phenomena  dis- 
tinctly more  intelligible. 

At  least  there  is  no  doubt  that  there  are  abundant  opportunities  for 

*  For  the  literature  and  personal  observations  see  Krehl,  "Pathologische  Physio- 
logie."    Romberg,  "Herzkrankheiten." 

fKraus,  ''Die  Ermttdung  ab  Mass  der  Constitution/'  "Bibliotheca  medica." 
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influencing  the  respiration:  the  causative  factors  attack  both  brain  and 
lungs,  each  in  a  different  way.  Subjectively,  a  feeling  of  air-hunger  is 
experienced  during  disturbance  of  the  respiration;  objectively,  the  re- 
spiratory movements  are  reinforced  and  accelerated.*  Unfortunately, 
the  term  dyspnea  is  used  in  clinical  terminology  to  describe  both  proc- 
esses, although  it  would  be  better  if  we  could  agree  on  a  definition  of  the 
word  which  should  be  free  from  ambiguity. 

It  follows,  from  the  foregoing  explanations,  that,  so  far  as  the  blood- 
current  is  concerned,  the  condition  o(  the  respiration  is  influenced  mainly 
by  diminution  of  its  velocity  (which  is  important  both  in  the  brain  and 
in  the  lungs)  and  increased  pressure  in  the  pulmonary  vessels.  Accord- 
ingly, respiratory  disturbances  occur  in  all  anomalies  of  the  cardiac 
fimction  which  produce  one  of  these  sequelae.  The  respiratory  disturb- 
ance is  proportionate  to  the  need  of  gas  on  the  part  of  the  organism: 
a  patient,  other  things  being  equal,  always  suffers  less  from  dyspnea 
when  at  rest  than  during  exercise.  For,  in  the  first  place,  muscular 
action  demands  a  considerably  greater  interchange  of  gases,  and  a  dis- 
eased heart,  in  order  to  perform  an  equal  amount  of  extrinsic  work, 
has  to  make  much  greater  exertions  than  a  sound  heart,t  and  this  increased 
exertion  not  only  increases  the  demands  made  by  the  body-cells  on  the 
gaseous  interchange,  but  in  addition,  of  course,  aggravates  the  circulatory 
distiu*bance  which  is  responsible  for  the  dyspnea.  Hence  bodily  activity 
plays  a  very  important  part.  A  person  who  feels  quite  comfortable 
when  at  rest  may  get  out  of  breath  with  the  slightest  exertion. 

Thus,  respiratory  disturbances  occur  when  there  is  weakness  of  the 
right  ventricle,  because  in  that  condition  the  velocity  of  the  blood  in  the 
lungs  and  brain  is  always  diminished.  The  degree  of  dyspnea  depends 
on  the  disproportion  between  the  velocity  that  is  required  and  that  which 
actually  exists — that  is  to  say,  on  the  degree  of  cardiac  weakness.  If 
there  is  unusual  resistance  to  the  blood-current  through  the  lungs,  as, 
for  example,  in  kyphoscoliosis  and  emphysema,  and  the  velocity  can  be 
kept  up  only  by  constant  exertion  on  the  part  of  the  right  ventricle, 
any  weakness  of  that  chamber  will  make  itself  doubly  felt.  Hence 
insuflBciency  of  the  right  ventricle  is  always  associated  with  extreme 
dyspnea. 

In  moderate  grades  of  cardiac  weakness  the  s3rmptoms  are  much 
milder.  The  patients  are  often  without  subjective  sjonptoms  during 
rest,  and  it  would  not  occur  to  any  one  to  think  that  they  suffered  from 
dyspnea;  but  they  state  positively  that  they  get  out  of  breath  after 
the  slightest  muscular  exertion.  In  other  cases  there  is  more  or  less 
cyanosis  even  during  rest.  The  observer  is  struck  by  a  certain  accelera- 
tion and  deepening  of  the  respiration  and  jerky  speech.  When  the 
patient  begins  to  eat  or  performs  a  few  movements,  the  picture  changes 
completely.  Violent  respiratory  movements  appear,  the  face  assumes 
the  expression  of  air-hunger,  and  the  cyanosis  increases.  Still,  however, 
the  conditions  return  nearly  or  quite  to  normal  as  soon  as  the  patient 
rests.  But  in  many  cases  the  patients,  are  not  comfortable  even  during 
absolute  rest;  the  dyspnea  does  not  disappear,  but  persists  in  varying 
degrees.  The  condition  of  some  patients  is,  at  least,  bearable,  especially 
if  it  has  existed  for  some  time,  because  the  sufferer  learns  to  adapt  himself 

♦See  Krehl,  "Pathologische  Physioloeie." 

t  Compare  B.  Lewy,  ''Zeitschrift  ftir  Kiinische  Medicin,"  vol.  xxxi,  pp.  321  and 
520. 
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to  his  disability  in  a  variety  of  ways.  But  the  slightest  complication, 
which  would  not  produce  any  respiratory  disturbance  in  a  healthy  person, 
may  completely  upset  the  "calm  before  the  storm";  for  example,  a 
small  pleuritic  exudate,  a  mild  attack  of  bronchitis,  moderate  elevation 
of  the  diaphragm,  overloading  of  the  stomach — any  one  of  these  factors 
may  suffice  to  bring  on  dyspnea.  It  is  frequently  necessary  to  take  into 
account  a  combination  of  various  causes. 

In  the  severest  cases  there  is  no  need  of  any  special  cause  to  produce 
the  dyspnea,  which  is  always  present  because  there  is  a  constant  dispro- 
portion between  the  needs  of  the  organism  for  gaseous  interchange  and 
the  amount  of  such  interchange  which  the  circulation  is  able  to  effect 
even  during  rest.  In  these  frightful  conditions  the  cause,  as  a  rule,  is 
not  merely  retardation  of  the  blood-current. 

Engoi^ement  of  the  pulmonary  vessels  may,  as  has  been  stated,  pro- 
duce dyspnea  even  when  the  velocity  is  not  diminished.  Peculiar 
changes  in  the  pulmonary  tissue  are  thus  effected,  and  the  condition  is 
of  practical  importance  in  those  cases  in  which  an  obstruction  in  the  left 
ventricle  is  neutralized  by  increased  action  on  the  part  of  the  right. 
Under  such  circumstances  a  disturbance  similar  to  what  has  been  referred 
to  as  occurring  in  the  lower  grades  of  diminished  velocity  may  be  present 
even  during  rest;  only  the  feeling  of  anxiety  is  more  intense  and  Incomes 
a  more  prominent  symptom.  The  latter  is  a  sign  of  some  value,  and 
another  characteristic  factor  of  this  condition  is  the  paroxysmal  occur- 
rence of  the  respiratory  disturbances.  Sometimes  during  the  day,  more 
frequently  at  night,  the  patient  is  seized  with  a  sensation  of  anxiety  and 
a  feeling  as  if  he  were  imable  to  get  air  in  the  usual  way.  Patients  vary 
greatly  in  their  descriptions  of  s3rmptoms,  but  they  all  agree  that  there 
is  dyspnea  associated  with  fear.  While  the  attacks  in  this  form  are 
bearable  and  are  chieffy  important  in  a  symptomatic  sense,  they  (Change 
altogether  as  soon  as  diminished  velocity  of  the  blood  is  superadded  to 
the  pulmonary  congestion.  This  must,  obviously,  produce  a  very 
peculiar  combination;  that  is,  the  right  ventricle  necessarily  does  more 
work  than  the  left,  although  not  quite  enough  to  keep  up  the  original 
difference  between  arterial  and  venous  pressure  in  the  lungs. 

This  condition  develops  whenever  the  two  sides  of  the  heart  are 
unequally  involved  in  the  morbid  process.  The  respiration  is  then 
accelerated,  deepened,  and  forced  in  the  extreme;  all  the  auxiliary 
muscles  are  called  into  action;  the  patient  assumes  the  oddest  attitudes 
in  order  to  obtain  supports  for  more  muscles  to  aid  in  respiration  and 
relieve  the  thorax  as  much  as  possible.  The  patients,  as  a  rule,  cannot 
lie  down,  and  if  they  stay  in  bed  at  all,  must  have  their  bodies  raised; 
or  they  are  unable  to  remain  in  bed  and  have  to  sit  up  or  even  stand.* 
The  air-hunger  is  great  and  may  attain  an  extreme  degree;  intense 
anxiety  develops.  When  one  considers  the  forced  position  assumed 
by  the  patient,  the  insomnia,  the  edema,  and  all  the  other  effects  of  a 
severe  circulatory  disturbance  that  are  often  present  at  the  same  time, 
the  full  horror  of  this  condition  and  the  agony  of  the  poor  sufferer  may 
be  imagined.  There  is  no  doubt  that  the  severest  grades  of  this  frightful 
dyspnea  are  produced  by  a  combination  of  pulmonary  congestion  and 
retardation  of  the  blood-current.  Relief  may  sometimes  be  obtained 
if  one  of  the  two  factors  is  removed  or  at  least  improved.    For  example, 

*See  the  excellent  description  by  Hope,  ''Diseases  of  the  Heart  and  Great 
Vessels." 
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paradoxic  though  it  may  seem,  the  dyspnea  improves  materially  as  the 
force  of  the  right  ventricle  diminishes.  This  is  not  infrequently  observed, 
as  V.  Basch  quite  correctly  points  out,  and  the  theoretic  significance  of 
the  fact  must  not  be  overlooked.  [See  J.  H.  Musser's  interesting  paper, 
"Angina  Pectoris:  Its  Relation  to  Dilatation  of  the  Heart/'  "American 
Journal  of  the  Medical  Sciences/'  September,  1897. — Ed.]  It  is  a  direct 
proof  that  high  blood-pressure  in  the  lungs  interferes  with  respiration. 
This  view  of  the  matter  may  have  an  important  bearing  on  the  adminis- 
tration of  digitalis  in  many  cases.  If  the  use  of  the  drug  is  merely  fol- 
lowed by  some  improvement  in  the  contractions  of  the  ventricle  and 
more  complete  filling  of  the  lung  with  blood,  without  materially  increasing 
the  velocity  of  the  circulation,  what  advantage  is  gained? 

There  are  diseases,  among  which  I  may  mention  chronic  myocarditis, 
nephritis,  and  sclerosis  of  the  coronary  arteries,  in  which  this  frightful 
condition  of  dyspnea  persists  for  weeks  or  even  months.  Fortunately, 
this  is  not  frequent.  More  often  the  severest  type  of  dyspnea  occurs 
only  in  paroxysms  lasting  from  one-quarter  to  several  hours.  This 
cardiac  a^sthma  *  is  no  doubt  due  to  the  same  peculiar  conditions  in  the 
action  of  both  sides  of  the  heart,  and  may  occur  in  any  disease  of  the 
heart  muscle.  It  is  most  frequent,  however,  in  sclerosis  of  the  coronary 
arteries,  especially  when  it  involves  chiefly  the  vessels  of  the  left  heart, 
and  in  contracted  kidney. 

I  believe  that  a  great  many  asthmatic  attacks  can  be  explained  in 
this  way  without  doing  violence  to  the  facts;  at  least,  I  have  often 
succeeded  in  so  interpreting  the  s3nnptoms.  However,  the  question 
whether  the  disease  may  not  originate  in  some  other  way  must  still 
remain  open.  A  great  variety  of  causes  has  been  suggested  ;t  toxic 
influences  in  particular,  such  as  are  assumed  to  act  in  uremic  and  dia- 
betic asthma,  have  been  considered.  But  as  we  have  not  progressed 
beyond  the  stage  of  surmise  in  this  subject,  it  need  not  be  discussed 
at  greater  length.  Frangois-Franck,!  by  a  series  of  experiments,  revealed 
the  existence  of  special  relations  between  the  heart  and  the  respiration: 
43timulation  of  the  endothelium  at  the  base  of  the  aorta  and  of  the  endo- 
•cardium  at  the  semilunar  valves  causes  a  disturbance  of  the  respiration 
and  possibly  also  modifies  the  width  of  the  bronchioles.  By  accurate 
•clinical  observation  these  facts  might  possibly  be  turned  to  account 
in  human  pathology  also. 

A  better  knowledge  concerning  early  and  mild  conditions  of  noc- 
turnal dyspnea,  of  the  origin  of  which  nothing  definite  is  known,  seems 
to  me  particularly  desirable.  The  subjects  attacked  are  also,  for  the 
most  part,  affected  with  arteriosclerosis,  and  we  know  that  sclerosis  of 
the  coronary  arteries  produces  the  most  peculiar  effects  on  the  heart 
and  its  individual  parts.  Nevertheless,  it  is  as  curious  as  it  is  incom- 
prehensible that  other  diseases  of  the  muscle,  as,  for  example,  myocarditis 
of  the  left  ventricle  with  or  without  valvular  lesion,  much  more  rarely 
produce  these  conditions,  notwithstanding  considerable  pulmonary 
congestion.  It  would  appear  that  an3iihing  in  the  way  of  a  "paroxysmal" 
:S3rmptom  is  preeminently  characteristic  of  coronary  sclerosis.  The  sam^ 
is  true  of  stenocardia  which  is  frequently  associated  with  cardiac  asthma. 

*  Compare  A.  Fr&nkel,  ''Berliner  klinische  Wochenschrift/'  1888,  No.  15,  16. 
t  See  tne  excellent  thesis  by  Fournier,  "La  Dyspn^  cardiaque,"  "Thesis,"  Paris, 
1892. 

t  Fran^ois-Franck,  "Archives  de  physiologie,"  1890. 
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Foumier  *  may  be  right  when  he  says  that  the  German  theories  of 
cardiac  asthma  are  one-sided  because  they  attempt  to  discover  one  and 
the  same  cause  imder  all  circumstances.  A  number  of  factors  have 
already  been  pointed  out  in  this  discussion.  For  the  present  we  have 
no  other  positive  data  than  retardation  of  the  blood-current  and  pulmonary 
congestion;  at  all  events,  I,  for  my  part,  am  unable  to  follow  him  when 
he  boldly  erects  nervous  and  toxic  forms  of  dyspnea,  in  spite  of  the  fact 
that  they  are  defended  by  so  excellent  a  clinician  as  Huchard.  Diminu- 
tion of  the  so-called  urotoxic  coefficient  in  the  urine,t  as  a  proof  of  in- 
toxication, does  not  impress  me  as  much  as  it  appears  to  have  impressed 
French  investigators;  and,  besides,  it  would  be  necessary  to  show  that 
the  h3^thetic  poison  also  influences  the  respiration.  The  theory 
according  to  which  these  asthmatic  attacks  in  heart  patients  are  com- 
pared with  similar  attacks  in  uremia,  or  the  two  are  even  regarded  as 
identical,  is  open  to  a  number  of  objections.  In  the  first  place,  all  the 
other  signs  of  uremic  intoxication  which  usually  accompany  uremic 
asthma  are  absent;  in  the  second  place,  the  nature  of  uremic  asthma  itself 
is  by  no  means  clearly  established.  One  thing  is  certain,  however,  and 
we  owe  our  French  colleagues  a  debt  of  gratitude  for  starting  investiga- 
tions which  have  shown  that  there  exist  peculiar  relations  between  the 
phenomena  produced  by  arteriosclerosis  and  uremic  phenomena.  The 
matter  will  be  referred  to  again  in  connection  with  uremia. 

Sometimes  these  asthmatic  attacks  apparently  come  like  a  bolt  from 
the  blue;  that  is,  they  are  the  first  sign  of  disease.  The  attacks  be^ 
either  during  some  muscular  exertion  after  a  meal,  after  psychic  excite- 
ment, or  with  special  frequency  at  night.  I  do  not  believe  it  possible 
as  yet  to  offer  any  well-founded  opinion  as  to  the  cause  of  its  occmrence 
in  the  latter  case  (during  the  night) ;  t  ui  the  former  the  increased  demand 
on  the  circulation  is  probably  the  chief  cause. 

During  the  attacks  the  patients  manifest  the  severest  symptoms 
of  dyspnea  and  anxiety,  the  pulse  is  usually  small,  soft,  accelerated, 
and  very  often  irregular  and  unequal.  Attacks  also  occur,  however, — ^for 
example,  in  arteriosclerosis, — when  the  weakness  of  the  left  ventricle 
is  comparatively  slight,  and  in  these  cases  the  arterial  pressure  may  be 
higher  than  normal.  Indeed,  the  occurrence  of  the  attacks  is  partly 
associated  with  rise  of  pressure.  After  the  attack  the  patient  usually 
feels  fatigued  and  prostrated  for  some  time.  Some  recover  completely; 
others  never  recover  from  the  horror  of  the  event,  as  happens  sometimes 
after  a  severe  attack  of  angina  pectoris. 

Not  every  attack  of  paroxysmal  dyspnea,  however,  attains  this 
degree  of  severity.  Like  more  protracted  respiratory  disturbances,  the 
paroxysmal  dyspnea  exhibits  a  great  many  gradations,  depending  on  the 
severity  of  the  circulatory  disturbance  which  is  the  basal  condition.  In 
many  cases  the  patient  merely  complains  of  a  slight  feeling  of  air-himger, 
coming  on  either  without  any  known  cause  or  due  to  one  of  the  above- 
mentioned  factors;  the  patient  awakes  at  night  and  cannot  ''get  his 
breath  properly."  This  condition  lasts  half  an  hour  or  an  hour,  after 
which  the  patient  goes  to  sleep  again.  In  more  severe  attacks  the  patient 
has  to  leave  his  bed  and  hasten  to  the  window. 

In  many  cases  of  cardiac  asthma  no  objective  sign  is  discovered  in  the 

♦Fournier,  loc.  cU.j  p.  48. 

I  See  Foumier,  loc.  cit.,  p.  81.    Ducamp,  ''Montpellier  medical,*'  1801,  No.  7. 
[Seept.I,  p.  116.—ED.] 
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respiratory  apparatus  except  the  change  in  the  respiratory  movements. 
Quite  frequently,  however,  the  signs  of  exudation  into  the  alveoli  are 
present  in  the  form  of  medium-sized  and  small  mucous  r&les,  stridor, 
and  the  expectoration  of  serosanguineous,  meat-juice-colored  or  clear 
sputum — in  other  words,  all  the  signs  of  pulmonary  edema. 

The  exudation  may  be  uniformly  distributed  over  both  lungs,  in  which 
case  the  condition  probably  represents  true  congestive  edema,  such  as 
Cohnheim  observed  in  his  famous  animal  experiments,  and  v.  Basch 
later  made  an  accurate  study  of  with  his  pupils.*  In  the  animal  this 
edema  develops  after  a  severe  injiuy  to  the  left  heart  when  the  action  of 
the  right  is  good.  Qualitatively,  therefore,  the  same  factors  come  into 
play  as  those  which  are  operative  in  the  production  of  cardiac  asthma; 
if  these  factors  reach  their  highest  development,  they  produce  not  only 
a  fimctional  respiratory  disturbance,  but  congestive  edema  in  addition. 
The  symptoms  of  that  condition  become  pronounced  whenever  the 
injury  to  the  left  heart  is  suiEciently  severe.  Complete  paralysis  of  the 
left  heart  creates  the  most  favorable  condition  for  its  production.  In 
muscarin  poisoning  spasm  produces  the  same  result. 

As  I  have  already  remarked  elsewhere,t  the  theory  that  pulmonary 
edema  is  due  to  stasis  or  passive  congestion  cannot  be  altogether  dish 
carded.  In  those  cases  in  which  cardiac  asthma  leads  to  exudation  of 
serous  fluid  into  the  alveoli  which  disappears  completely  after  one  or 
two  hours  one's  natural  pathologic  feeling,  it  seems  to  me,  is  distinctly 
in  favor  of  such  an  origin.  It  is  equally  certain,  however,  that  the  details 
of  the  pathogenesis  of  this  form  of  edema  are  by  no  means  clear.  For 
animal  experiments  prove  nothing  except  that,  under  certain  conditions 
of  extreme  violence,  such  as  are  realized  very  rarely  in  sick  persons, 
congestive  edema,  may  take  place;  no  pathologist  who  is  at  the  same 
time  a  physician  will,  for  the  present  at  least,  dream  of  applying  these 
experiments  to  man.  Any  attempt  in  that  direction  would  be  met  by 
the  numerous  objections  that  have  been  made  by  excellent  physicians.^ 

Since  that  time,  however,  our  views  in  regard  to  the  value  of  animal 
experiments  in  clearing  up  pathologic  questions  have,  unless  I  am  mis- 
taken, imdergone  a  material  change.  No  intelligent  man  would  attempt 
to  apply  data  obtained  from  healthy  animals  directly  to  the  conditions 
existing  in  hiunan  beings  in  disease.  These  data  merely  enlarge  our 
knowledge  of  the  behavior  of  the  organism  in  general,  and  in  that  way 
furnish  some  assistance  in  the  enormous  and  difficult  interpretation  of 
phenomena  observed  at  the  bedside.  Congestive  edema  is  also  possible 
in  the  limg,  as  animal  experiments  have  shown  beyond  the  possibility 
of  a  doubt.  The  fact  that  in  the  healthy  animal  complete  paralysis 
or  severe  spasm  of  the  left  ventricle  is  necessary  to  produce  the  condition 
does  not  prove  that  an  equally  severe  cause  is  necessary  in  the  case  of 
man  whose  blood-vessels  have  surely  been  altered  by  long-continued 
congestion.  So  far  as  I  can  see,  there  is  no  reason  why,  in  the  latter  case, 
a  mere  disproportion,  more  or  less  marked,  between  the  functional  capac- 

*  Grossmann,  ''Zjeitschrift  f(lr  klinische  Medicin/'  vol.  xii,  p.  550.  Ihid,,  vol. 
xvi,  pp.  161  and  270.  Ibid.,  vol.  xxvii,  p.  151.  Cf.  L6wit,  Ziegler's  "  Beitrftge," 
vol.  xxvii,  p.  151. 

tKrehl,  ''Pathologische  Physiologie/'  p.  120. 

t  Sahli,  "Archiv  fiir  experimenteUe  Pathologie/'  vol.  xix,  p.  433.  Ibid.,  ''2ieit- 
schrift  f(lr  klinische  Medicin/'  vol.  xiii,  p.  482.  JOrgensen,  v.  Ziemssen's  "Hand- 
buch  der  allgemeinen  Therapie/'  vol.  i,  ii,  p.  228.  A.  Fr^lnkel,  ''Diagnostik  der 
Lungenkrankneiten,"  Vienna,  1890,  p.  187. 
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ity  of  the  two  sides  of  the  heart,  should  not  suffice  to  produce  the  same 
effect.  1  merely  say  there  is  nothing  against  such  a  view — ^it  remains 
for  future  investigation  to  reveal  the  true  conditions. 

Frequently  the  attacks  of  dyspnea  with  exudation  into  the  alveoli 
manifest  themselves  by  quite  a  different  clinical  picture.*  The  abundant 
moist  riles  are  heard  only  over  a  part  of  the  lungs,  not  infrequently, 
for  example,  over  one  of  the  upper  lobes.  The  percussion-note  may 
be  slightly  impaired  here  and  there.  The  above-described  sputum 
is  produced,  or  the  sputum  is  red  from  the  beginning  and  cannot  be  dis- 
tinguished from  the  rusty  sputum  of  pneumonia.  Sometimes  there 
is  low  fever,  or  the  temperature  may  be  quite  elevated;  collapse  and 
coldness  of  the  peripheral  portions  are  not  infrequently  present.  The 
attacks  often  last  some  time — ^from  twelve  hours  to  one  or  two  days. 
Accordingly  there  are  numerous  signs  pointing  directly  to  an  inflamma- 
tory process  in  the  lungs,  and  this  view  is  fully  borne  out  by  pathologic 
anatomy. 

At  all  events  the  inflammation  in  these  cases  is  peculiar  both  ana- 
tomically and  etiologically.  Traube  t  designated  the  condition  serous 
pneumonia  and  emphasized  the  great  importance  of  venous  stasis  in  its 
production.  The  congestion  prepares  the  soil  for  an  infectious  inflam- 
mation.J  The  latter  leads  to  the  production  of  a  watery  exudate  with 
little  tendency  to  coagulate,  and  may  involve  individual  lobes  or  only 
parts  of  lobes,  or,  in  other  cases,  attack  large  portions  of  the  lungs.  So 
far  as  I  can  see  and  the  present  state  of  our  knowledge  permits  us  to 
judge,  we  have  to  deal  with  an  intermediate  form  between  a  chiefly 
transudative  and  a  purely  inflammatory  process.  It  is  possible  that  the 
development  of  this  inflammation  bears  some  relation  to  the  bronchitis, 
which  is  present  as  a  rule. 

Many  points  in  this  problem  still  require  elucidation;  as  in  the  case  of 
edema  and  inflammations  in  the  course  of  nephritis,  it  is  evident  that 
certain  special  factors  are  at  work.  The  foregoing  view  may  assist  in 
explaining  the  variability  of  the  clinical  symptoms — ^the  fluctuation  be- 
tween transudative  and  exudative  processes,  between  conditions  of  shorter 
and  of  longer  duration. 

In  the  course  of  the  foregoing  discussion  we  have  seen  that  anomalies  of 
the  circulation  may  lead  to  pathologic-anatomic  processes  in  the  lungs  as 
well  as  to  functional  disturbances  of  the  respiration.  Such  processes  are, 
in  fact,  quite  frequent,  and  it  is  evident  that  the  interference  with  the 
proper  renewal  of  the  blood  favors  the  deposition  of  the  micro-organisms 
of  inflammation  and  enables  them  to  obtain  a  permanent  foothold.  The 
observations  of  F.  Muller§  help  us  to  understand  this  even  more  clearly. 

Heart  patients  with  congestion  in  the  lesser  circulation  very  frequently 
suffer  from  obstinate  bronchitis.  The  bronchitis  is  often  very  mild,  and 
its  only  significance  is  that  it  is  present,  i.  e,,  its  presence  shows  the  existence 

♦Compare  Sahli,  "Archiv  fttr  experimentelle  Pathologie,"  vol.  xix,  p.  433. 
Ibid.,  "Zeitschrift  fUr  klinische  Medicin,"  vol.  xiii,  p.  482.  Huchard,  "Maladies  de 
coeur,"  p.  227.    A.  Frankel,  "Diagnostik  der  Lungenkrankheiten,"  Vienna,  1890, 

E.  187.    J.  Honnorat,  "Processus  nistologique  de  Poedtoe  pulmonaire,"  "Thesis, 
yons,"  1887.    Marfan,  "Traits  de  m^ecine,"  Paris,  1893,  vol.  v,  p.  412. 
t  Traube,  "BeitrSge,"  vol.  iii,  pp.  152,  307,  and  313. 
::Kockel,  "Naturforscherversanunlung,  Frankfort,"  1896,  p.  30. 
|F.  Mttller,  "Sitzungsberichte  zur  ^fdrderung  der  gesammten  Naturwissen- 
Bchaft  zu  Marburg,"  1896,  No.  6.    Ibid.,  "MUnchener  medicinische  Wochenschrift," 
1897,  No.  49. 
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of  a  pathologic  process  and  not  infrequently  serves  to  suggest  a  careful 
observation  of  the  heart  to  the  expert  clinician.  Hence,  from  the  stand- 
point of  diagnosis,  the  bronchitis  is  always  very  important,  and  sometimes 
it  is  of  clinical  importance  also,  especially  in  patients  with  a  good  deal  of 
dyspnea,  in  whom  the  slightest  obstacle  to  the  entrance  of  air  into  the 
alveoli,  such  as  results  from  bronchitis  under  all  circumstances,  may 
constitute  a  serious  disturbance.  How  much  more  so  when  the  catarrh 
involves  the  finer  branches  of  the  bronchial  tree. 

Heart  patients  present  the  most  various  forms  of  dry  and  moist 
catarrh.  To  employ  a  modem  terminology,  the  bronchial  mucous  mem- 
brane may  become  infected  in  a  variety  of  ways  and  the  inflammation 
may  assume  a  great  many  different  forms,  depending  on  the  condition 
of  the  circulation  and  of  the  mucous  membrane.  The  patients  always 
cough  and  often  expectorate.    The  sputum  will  be  discussed  presently. 

The  lungs  themselves  are  always  affected  by  passive  congestion  if  it  is 
at  all  protracted,  and  develop  the  condition  known  as  brown  induration. 
The  development  of  connective  tissue  produces  a  true  cirrhosis;*  the 
walls  of  the  blood-vessels  are  frequently  the  seats  of  endarteritis. 
Extravasations  of  blood  lead  to  the  accumulation  of  brown  pigment.  In 
the  form  of  hemosiderin  this  is  taken  up  by  lai^e  cells,  expelled  with  these 
cells  by  the  ciliary  movement  and  coughing  in  the  form  of  sputum.  The 
finding  of  these  heart-failure  cells  is  a  positive  sign  of  the  existence  of 
browninduration,t  at  least  for  one  who  is  familiar  with  the  cells  and  is  certain 
not  to  confoimd  them  with  carbon-laden  cells.  Orth's  observations^  have 
shown  that  large  numbers  of  vessels  may  be  occluded  if  the  accumulation 
of  pigment  is  abundant.  Orth's  findings,  in  my  opinion,  also  settle  the 
question  of  the  origin  of  these  heart-failure  cells.  There  has  been  a  great 
divergence  of  opinion  as  to  whether  they  represent  epithelium  or  leukocytes. 
Orth  found  masses  of  connected  cells  and  thereby  recognized  them  as 
alveolar  epithelium. 

In  addition,  there  are  a  great  many  varieties  of  peculiar,  secondary 
^pn^umonia  due  partly  to  circulatory  anomalies  and  partly  to  the  greater 
liability  to  infection  incident  thereto.  These  processes  usually  develop 
in  the  most  dependent  portions  of  the  lower  lobes.  Dulness,  bronchial  or 
diminished  vesicular  breathing,  crepitant,  all  kinds  of  moist,  sonorous,  and 
non-sonorous  r&les,  are  found  in  the  most  irregular  order  and  grouping. 
Fever  may  or  may  not  be  present.  There  is  no  rule  for  anything,  and  he 
who  expects  to  find  typical  conditions  will  be  disappointed. 

As  thrombosis  of  the  veins  or  of  the  auricles  is  quite  frequently  ob- 
served in  heart  patients,  the  s3rmptoms  of  pulmonary  embolism  or 
infarct  and  of  embolic  pneumonia  and  pleurisy  are  by  no  means  rare.  I 
mention  this  merely  for  the  sake  of  completeness,  as  there  is  no  occasion 
to  go  into  a  detailed  description  of  the  symptoms. 

Hydrothorax  is  very  apt  to  cause  a  disturbance  of  the  respiration  quite 
apart  from  its  causes,  wluch  in  themselves  produce  dyspnea,  because  it  is 
usually  bilateral  and  cannot  help  diminishing  the  volume  and  the  excur- 
sions of  the  lungs.  It  is  evident  that  the  disturbance  is  proportionate  to 
the  quantity  of.  the  accumulated  fluid. 

♦Boy,  "Du  poumon  cardiaque,"  "Thesis,"  Lyons,  1883. 

t  E.  Wagner,  verbal  communication.  F.  A.  H.  Hoffmann^ "  Archiv  fttr  klinische 
Medicin,"  vol.  xlv,  p.  252.  Lenhartz,  "Deutsche  medicimsche  Wochenschrift," 
1889,  l^fo.  51.  Cohn,  "Ueber  HerzfehlerzeUen,"  Dissertation,  Wttrzburg,  1890. 
Kr6nig,  " Charity- Annalen,"  vol.  xv,  1890,  p.  227. 

JOrth,  "Virchow's  Archiv,"  vol.  Iviii,  p.  126. 
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Cardiac  patients  very  frequently  have  pleurisy,  both  dry  and  exudative. 
The  exudate  is  either  unilateral,  or,  if  it  is  associated  with*  hydrothorax, 
at  least  greater  in  one  side  of  the  chest  than  in  the  other.  The  fluid  is 
serous,  but  rich  in  albumin,  often  somewhat  hemorrhagic,  and  immovable, 
or  does  not  change  its  level  so  easily  as  a  simple  transudate. 

The  exudate  may  persist  for  a  long  time — months  and  even  years. 

Romberg  states  that  the  size  of  the  exudate  increases  and  diminishes 
with  the  patient's  condition.  I  have  observed  the  same  thing  in  arterio- 
sclerotic and  in  nephritic  persons.  The  temperature  may  be  normal;  not 
infrequently  exacerbations  of  the  process  go  hand-in-hand  with  evening 
rises  of  temperature. 

These  exudates  frequently  owe  their  origin  to  an  infarct  or  to  an 
atypical  pneumonia.  But  these  conditions  cannot  by  any  means  always 
be  demonstrated,  and  in  such  cases  the  process  in  the  pleura  is,  therefore, 
primary. 

Careful  examination  is  absolutely  necessary  in  order  to  recognize  the 
pulmonary  sjonptoms;  in  this  way,  and  by  carefully  noting  the  sputum, 
bronchitis  and,  as  a  rule,  pneumonic  processes  will  rarely  be  overlooked. 
It  is  also  possible  to  determine  whether  the  dyspnea  is  pulmonary  or 
cardiac.  But  it  is  by  no  means  always  possible  to  make  a  diagnosis.  The 
patients  are  often  so  gravely  ill  that  one  naturally  shrinks  from  subjecting 
them  to  the  additional  discomfort  of  a  thorough  examination,  and  some- 
times the  patient's  condition  is  such  as  to  render  examination  absolutely 
impossible.  But  any  one  who  is  familiar  with  these  conditions  and  will 
bear  them  in  mind  will,  nevertheless,  usually  succeed  in  discovering  them. 
It  is  not  unimportant  to  do  so,  for  the  prognosis  in  every  case  is  greatly 
affected  by  these  complications,  which  are  frequently  the  direct  cause  of 
death. 

Our  judgment  of  the  "attacks' '  must  be,  to  a  very  large  extent,  based 
on  the  history.  As  the  disturbance  is  comparatively  mild,  it  is  most 
important  to  interrogate  the  patient  minutely,  and,  in  forming  an  opinion, 
to  correlate  the  patient's  statements  with  the  objective  findings,  which, 
so  to  speak,  illustrate  his  story.  In  deciding  the  question  whether  a 
nocturnal  attack  of  dyspnea  is  due  to  bronchial  or  to  cardiac  asthma  the 
objective  findings  are  extremely  important.  Emphysema  and  bronchitis 
with  expiratory  dyspnea  suggest  bronchial  asthma,  while  signs  of  arterio- 
sclerosis point  to  a  cardiac  origin.  If  the  physical  signs  are  absolutely 
negative,  as  may  frequently  be  the  case  in  the  beginning,  the  decision 
of  this  question  may  be  exceedingly  difficult  or  even  impossible  until  the 
patient  has  been  under  observation  for  some  time. 

The  bearing  of  congestive  bronchitis,  the  signs  of  cardiac  lesion  in  the 
lungs,  and  the  various  forms  of  pneumonia  on  the  diagnosis  of  the  case,  as 
a  whole,  is  sufficiently  evident  from  the  foregoing  discussion.  Attacks 
of  cardiac  asthma  with  or  without  one  of  the  forms  of  pulmonary  edema 
always  indicate  a  very  grave  process,  for  they  occur  chiefly  in  sclerosis  of 
the  coronary  arteries  and  are  always  a  sign  of  serious  lesion  of  the  left 
ventricle.  The  effect  of  these  lesions  on  the  prognosis  in  an  individual  case 
will  be  discussed  in  connection  with  arteriosclerosis. 

In  the  treatment  of  these  respiratory  complications  we  must,  of 
course,  first  of  all,  remove  the  cause  of  the  disturbance,  that  is  to  say,  the 
insufficiency  either  of  the  entire  heart  or  of  individual  portions  of  the 
viscus.  This  point  is  discussed  at  length  in  the  section  devoted  to  Treat- 
ment.   In  the  attacks  of  asthma  or  pulmonary  edema  with  a  bad  pulse, 


THE  SKIN.  516 

in  addition  to  giving  camphor;  ether,  coffee,  and  wine,  cutaneous  stimu- 
lation should  be  tried  in  various  ways:  by  applying  a  large  mustard- 
plaster  to  the  chest,  by  means  of  hot  foot-baths,  etc.  Brilliant  results  are 
often  obtained  in  pulmonary  edema  by  venesection  and  the  withdrawal  of 
*200  to  300  c.c.  of  blood  from  the  cephalic  vein.  I  advise  this  procedure 
in  all  severe  cases,  especially  in  robust  individuals  with  high  blood-pressure. 
But  even  in  weakly  persons  and  when  the  pulse  is  bad,  one  ought  not  to  be 
too  timid.  How  venesection  acts  is  not  easy  to  understand;  it  must  be 
assumed  that  the  diseased  portion  of  the  heart  (left  ventricle)  and  the 
abnormal  vessels  are  in  some  way  benefited  by  relieving  the  engorgement 
in  the  blood-channels. 

In  severe  attacks  of  cardiac  dyspnea  morphin  in  the  dose  of  0,01  to 
0.02  gm.  (t  to  i  gr.)  should  always  be  administered  h3rpodermically;  it 
does  no  harm  and  alleviates  the  patient's  terrible  suffering.  Whatever 
therapeutic  measures  are  adopted  to  combat  these  attacks  must  be  ener- 
getic. Bad  as  the  conditions  may  seem  to  be  at  the  first  glance,  they  may 
be  only  transitory,  and  the  patient  may  continue  in  good  health  for  a  long 
time.  In  all  these  conditions  the  physician  must  be  politic  and  prudent 
in  his  choice  of  methods,  as  well  as  in  the  order  of  their  application.  It 
is  hardly  necessary  to  add  that  all  the  other  general  measures  which  are 
indicated  in  the  treatment  of  abnormal  conditions  of  the  bronchi  and 
lungs,  such  as  fresh  air  with  a  suitable  degree  of  moisture,  hydrotherapeutic 
and  other  similar  procedures,  must  be  utilized  to  their  fullest  extent  as  far 
as  the  condition  of  the  circulation  permits.  In  cases  of  exudative  pleurisy 
I  first  try  sodium  salicylate  if  the  drug  is  not  counterindicated  by  the  condi- 
tion of  the  heart.  If  it  fails  and  the  exudate  becomes  alarming  on  account 
of  its  size  alone,  or  because  of  its  interference  with  respiration,  thora- 
cocentesis must  be  performed  without  delay. 
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THE  SKIN* 

The  skin  and  mucous  membranes  in  heart  patients  often  have  a  bluish 
color  (cyanosis).  The  chief  cause  of  the  phenomenon  is  the  presence,  in 
the  afifected  portions,  of  large  quantities  of  reduced  hemoglobin,  but  it  is 
not  so  easy  to  say  positively  just  what  peculiar  conditions  of  the  circulation 
and  respiration  are  necessary  to  fulfil  the  above  condition.  There  is  no 
doubt  that  disturbance  of  the  circulation  alone  is  capable  of  producing 
a  marked  cyanosis;  both  animal  experiments  and  anesthetization  in 
man  furnish  abundant  proof  of  this.  But  it  is  evident  that  in  these  cases 
the  giving  off  of  oxygen  must  be  very  greatly  diminished — at  all 
events,  marked  cyanosis  may  be  present  without  any  appreciable  diminu- 
tion in  the  oxygen-content  of  the  venous  blood.  On  the  other  hand, 
venous  congestion  alone  may  produce  cyanosis.  So  much  is  clear.  Diffi- 
culties, however,  arise  in  cases  of  cyanosis  in  which  neither  the  venous 
congestion  nor  the  interference  with  respiration  is  at  all  marked,  and  such 
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cases  are  quite  frequent.  Much  additional  detailed  observation  will  be 
necessary  hetore  we  shall  be  able  to  understand  such  cases.  The  condition 
of  the  vessels  in  the  skin  and  mucous  membrane  ought,  above  all,  to  be 
thoroughly  examined  in  heart  patients,  for  it  is,  unfortunately,  a  fact  that 
we  know  practically  nothing  about  the  behavior  of  the  arteries  or  of  the 
veins  in  heart  disease.  So  far  as  I  can  see,  cyanosis  depends,  in  the  first 
place,  on  the  quantity  of  reduced  hemoglobin  present  in  the  affected 
portion  of  skin;  the  quantity  may  be  increased  when  the  interchange 
of  gases  in  the  lungs  is  insufficient,  but  the  increase  may  also  be  due  to 
dilatation  of  small  veins  in  the  skin  and  consequent  overfilling  with  venous 
blood.  Hence  venous  congestion,  by  retarding  the  flow  of  blood  and  at 
the  same  time  withdrawing  larger  quantities  of  oxygen,  may  also  con- 
tribute to  the  production  of  cyanosis.  Circulatory  disturbances  may  easily 
exist  in  the  skin  even  when  there  is  no  general  venous  congestion,  and, 
finally,  the  association  of  circulatory  and  respiratory  anomalies  is  much 
more  apt  to  produce  cyanosis  than  either  respiratory  or  circulatory  dis- 
turbance by  itself.  The  question  is,  therefore,  a  difficult  one,  and  its 
elucidation  much  to  be  desired  in  the  interest  of  practice.  For  the  present 
we  regard  cyanosis  as  a  sign  of  venous  stasis  and  of  deficient  respiration. 
No  doubt  we  are  right  in  doing  so;  but  the  diagnostic  value  of  this  phe- 
nomenon would  be  greatly  enhanced  if  we  had  a  clearer  insight  into  its 
origin. 

The  bluish  discoloration  is  seen  at  first  most  distinctly  in  the  lips, 
the  tip  of  the  nose,  the  cheeks,  and  the  ears.  In  other  words,  the  periph- 
eral portions,  where  the  skin  exhibits  the  greatest  degree  of  curvature, 
furnish  the  most  favorable  conditions  for  the  production  of  cyanosis. 
One  is  forced  to  assume  that  the  circulation  is  most  interfered  with  at 
these  points.  Venous  stasis  and  retardation  of  the  blood-stream  most 
rapidly  produce  the  discoloration  at  these  points.  These  same  parts  of 
the  body  become  blue  after  exposure  to  cold.  In  that  case  the  flow  of 
blood  in  the  skin  is  very  scanty  and  the  blood  probably  flows  more  slowly 
in  the  cutaneous  vessels,  so  that  a  larger  proportion  of  the  oxygen  is  used 
up.  This  leaves  a  comparatively  large  quantity  of  reduced  hemoglobin 
and  thus  fulfils  the  chief  requirement  for  the  production  of  cyanosis.  It 
is  obvious,  therefore,  that  the  phenomenon  may  appear  under  a  variety 
of  circumstances. 

The  skin  often  feels  cold  to  the  touch  in  heart  patients,  especially  at 
the  peripheral  portions  of  the  body.  This  phenomenon  must  be  attributed 
directly  to  the  retardation  of  the  blood-current  and  the  insufficient  supply 
of  oxygenated  blood,  which  also  explains  why  those  portions  of  the  body 
which  most  readily  become  cyanotic  are  also  the  first  to  feel  cold  to  the 
touch. 

For  the  occurrence  of  xctervs  see  under  Liver,  p.  521. 

BLOOD  AND  LYMPH. 

The  quantity  of  water  contained  in  the  blood  and  in  the  tissues  in 
circulatory  anomalies  must  be  considered  here  because  the  views  that 
obtain  on  the  subject  and  which  do  not  by  any  means  rest  on  a 
sure  foundation  have  been  at  once  utilized  as  a  basis  for  therapeutic 
efforts. 

We  are  chiefly  concerned  with  the  effect  on  the  circulation  of  the  com- 
position of  the  blood.    What  effect  has  the  quantity  of  the  blood?    Ger- 
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tain  well-known  investigations  performed  in  Lud wig's  laboratory*  have 
shown  that  within  wide  limits  the  blood-pressure  is  independent  of 
fluctuations  in  the  quantity  of  the  blood.  From  this  fact  it  has  been 
inferred  that  the  work  of  the  heart  is  also  independent  of  that  factor. 
Nothing  could  be  farther  from  the  truth.  For  an  increased  quantity 
of  blood  causes  more  complete  filling  of  the  heart,  and,  since  the  blood- 
pressure  does  not  fall,  also  increases  the  demands  on  the  organ.  There  is 
no  doubt,  therefore,  that  an  increase  in  the  quantity  of  blood  is  capable 
of  materially  increasing  the  work  of  the  heart.  But  is  there  such  a  thing 
as  an  increase  of  the  entire  quantity  of  blood?  That  is  the  great  question. 
It  has  never  been  definitely  settled,  for  we  are  absolutely  without  any 
suitable  methods  to  solve  the  question  in  the  living  subject,  particularly 
in  man.  On  the  other  hand,  it  cannot  be  denied  with  the  same  confidence 
as  was  frequently  done  in  the  past  that  the  entire  quantity  of  blood  may 
be  increased;  for  the  negative  result  obtained  in  animal  experiments  is  by 
no  means  decisive  in  questions  of  this  kind,  and  in  many  conditions  occur- 
ring in  man  there  is,  in  my  opinion,  presumptive  evidence  of  the  existence 
of  true  plethora.f 

It  is  very  probable  that  an  increase  in  the  quantity  of  blood  may  take 
place  in  heart  patients  in  the  form  of  a  serous  plethora,  that  is,  an  increase 
of  the  quantity  of  water  contained  in  the  serum.  For  there  is  no  doubt 
that  in  many  patients  suffering  from  cardiac  weakness,  especially  when 
the  power  of  the  right  ventricle^  is  diminished,  the  albumin,  or  rather  the 
specific  gravity  of  the  blood  and  of  the  serum,  is  reduced.§  'As  the 
strength  of  the  heart  improves  and  the  venous  pressure  falls,  the  arterial 
pressure  rises;  as  the  velocity  of  the  circulation  increases  the  blood  regains 
its  normal  composition.  This  observation  was  made  in  a  number  of  cases 
by  excellent  observers  with  the  aid  of  reliable  methods.  Stintzing  and 
Gumprecht  determined  the  solid  substances  contained  in  the  blood,  using 
a  method  the  slight  fallacies  of  which  are  accurately  known,  and  Ham- 
merschlag's  method  is  also  quite  reliable,  provided  the  work  is  performed 
rapidly.  II    Askanazy  employed  the  same  or  similar  methods. 

A  diminution  of  the  solids  in  the  blood  as  a  whole  or  in  the  serum  may 
be  brought  about  by  a  considerable  reduction  in  the  nimiber  of  red  blood- 
cells,  as  in  the  case  of  anemia,  or  by  the  destruction  of  serum-albumin, 
.such  as  is  observed  in  cachexia  following  malignant  tmnors.  Neither  of 
these  possibilities  is  admissible  in  cases  of  uncompensated  cardiac  lesions 
and,  as  Stintzing  and  Gmnprecht  quite  correctly  remark,  the  less  so  as  the 

*B.  B.  Worm-Mliller,  "Berichte  der  s&chsischen  Gesellschaft  der  Wissenschaf- 
ten,"  vol.  XXV,  1873,  p.  573. 

For  this  question  of  the  composition  of  the  blood  the  famous  treatises  of  Beo- 
querel  and  Rodier,  "Recherches  sur  la  composition  du  sang/'  etc.,  Paris,  1844  and 
1846,  or  German  translation,  1845;  "Nouvelles  recherches  d'h^matologie^"  etc., 
Paris,  1852;  C.  Schmidt,  "Charakteristik  der  epidemischen  Cholera."  Leipzig, 
1850;  Andral  and  Gavarret,  ''Recherches  sur  la  modification/'  etc.,  Fans,  1840, 
German  translation,  N6rdlingen,  1842,  are  still  authoritative.  See  also  the  newer 
publications  quoted  below. 

tTigerst€«t^  "Skandinavisches  Archiv  fOr  Physiolorie,"  vol.  iv,  p.  241. 

X  See  Stintzmg  and  Gumprecht,  ''Archiv  fQr  klinische  Medicin,"  vol.  liii,  p.  265. 

§See,  for  example,  Hammerschlag,  "Zeitschrift  fOr  klinische  Medicin,''  vol. 
xxi,  p.  476.  Stintzing  and  Gumprecht,  "Archiv  fttr  klinische  Medicin,"  vol.  liii, 
p.  265.  Grawitz,  "Archiv  fth*  klinische  Medicin,"  vol.  liv,  p.  588.  Askanazy, 
"Archiv  fth*  klinische  Medicin,"  vol.  lix,  p.  385.  This  paper  contains  a  complete 
bibliography. 

II  CJompare  Zuntz,  "Pflttger's  Archiv,"  vol.  Ixv,  p.  539. 
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change  in  the  findings  was  positively  observed  both  during  compensation 
and  during  failure  of  compensation. 

On  the  other  hand,  swelling  of  the  blood  as  a  whole — a  kind  of  edema 
of  the  blood — offers  an  accurate  explanation  of  the  findings;  for  it  would 
indicate,  at  the  same  time,  an  increase  in  the  entire  mass  of  blood,  a  serous 
plethora,  and  I  cannot  see  what  objection  there  can  be  to  this  theory  in 
the  cases  described.  There  is  no  good  argument  against  it.  Experiments 
on  healthy  animals,  which  have  been  utilized  in  the  attempt  to  solve  the 
question,  appear  to  me  quite  unsuitable  because,  as  v.  Recklinghausen 
quite  correctly  states,*  such  experiments  do  not  afford  a  convincing  theory 
in  regard  to  the  nature  of  gradual  processes  taking  place  in  the  human 
subject  during  disease. 

I  believe,  therefore,  that  we  are  justified  in  saying  that  in  many  patients 
with  uncompensated  cardiac  lesions — the  variety  of  cardiac  disease  is 
immaterial — the  existence  of  a  serous  plethora  may  be  assumed  with  much 
show  of  probability.  It  must  not  be  thought,  however,  that  the  conditions, 
generally  speaking,  are  in  any  sense  clear.  On  examining  the  question 
critically  it  is  found  that  practically  everything  still  remains  to  be  investi- 
gated. Above  all,  observations  are  needed  to  determine  by  some  reliable 
method  the  different  properties  of  the  same  kind  of  blood  at  the  same 
time  in  a  large  nimiber  of  patients,  and  it  would  seem  feasible  to  make  a 
comparison  which  should  be  above  criticism  between  the  arterial  and  the 
venous  blood  in  animals,  as,  for  example,  dogs  with  uncompensated 
valvular  lesions.  For  it  seems  probable  that  demonstrable  differencesf 
often  exist  between  the  arterial  and  the  venous  blood  in  disease;  but  with 
the  observations  at  present  available  I  will  not  venture  to  express  a  definite 
opinion  in  regard  to  their  nature  or  their  cause.  Most  of  the  blood  ex- 
aminations in  man  were  performed  with  blood  obtained  by  making  a 
puncture  in  the  tip  of  the  finger  or  the  lobe  of  the  ear,  and  it  seems  to  me 
that  by  such  a  method  it  is  hardly  possible  to  obtain  any  positive  knowl- 
edge of  conditions  in  the  large  vessels.  But  in  animals  with  chronic 
disease  the  entire  question  could  be  solved  in  a  manner  to  defy  criticism, 
because  blood  certainly  derived  from  known  vessels  can  be  examined. 

The  difference  in  the  results  obtained  in  the  various  examinations  is 
the  best  proof  that  the  question  is  still  surrounded  by  obscurity.  There 
is  no  doubt  that  in  many  patients  with  disturbances  of  compensation  the 
blood  has  been  found  abnormally  concentrated,  although  the  kind  of 
cardiac  disturbances  failed  to  give  any  explanation  of  the  fact.^  This 
must  be  taken  into  account,  and  it  is  the  more  curious  because  concentra- 
tion of  the  blood,  as  a  whole,  is  often  associated  with  an  increase  in  the 
quantity  of  water  contained  in  the  serum.§  For  the  present,  however,  I 
consider  it  quite  impossible  to  obtain  a  clear  insight  into  this  question. 
Owing  to  differences  in  the  methods  employed  and  the  sources  from  which 
the  blood  was  obtained,  the  individual  observations  cannot  be  strictly 
compared  one  with  another,  nor  has  the  problem  been  approached  from  a 
sufficient  number  of  different  directions.    For  example,  to  obtain  a  clearer 

*  V.  Recklinghausen,  "Allgemeine  Pathologic,"  p.  110. 

t  Zuntz  and  Cohnstein,  "Pfltiger's  Archiv,"  vol.  xlii,  p.  303.  Oertel,  "Archiv 
fttr  klinische  Medicin,"  vol.  1,  p.  293.  Grawitz,  ibid.y  vol.  liv,  p.  588.  Compare 
the  contrary  opinion  expressed  in  his  excellent  treatise  by  Askanazy. 

tSee  Naunyn,  "Schweizer  CJorrespondenzblatt,"  1872,  p.  300.  Penzoldt  and 
v.  Bamberger.  "Wiener  klinische  Wochenschrift,"  1888,  No.  1.  Schwcndtner, 
"Dissertation,*'  Bern,  1888.    Schneider,  "Dissertation,"  Berlin,  1888. 

I  Askanazy,  loc.  cU. 
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insight  it  will  be  indispensable  in  the  future  to  determine  the  volume  of  the 
red  corpuscles  and  of  the  salts  contained  in  the  body  and  in  the  serum. 
Satisfactory  methods  for  this  purpose  are  available.*  It  does  not,  there- 
fore, seem  to  me  that  it  would  be  a  difficult  matter  to  throw  some  light 
on  these  questions  by  means  of  additional  exhaustive  and  painstaking 
observations.  A  comparison  of  the  blood  obtained  from  different  kinds 
of  vessels  would  be  of  the  greatest  value. 

How  and  why  hydremia  develops,  on  the  one  hand,  and  increased 
concentration  of  blood,  on  the  other,  are  questions  that  admit  of  a  great 
many  surmises.  Dyspnea  increases  the  evaporation  of  water  from  the 
lungs;  low  arterial  and  high  venous  pressure  diminish  the  quantity  of 
urine.  There  is,  besides,  as  we  know,  a  very  close  relation  between  lymph- 
and  blood-vessels.  Differences  in  pressure  and  concentration  of  the  fluid 
are  at  once  followed  by  the  passage  of  saline  solution  from  one  system  into 
the  other.  But  how  much  better  it  would  be  if,  instead  of  surmises,  we 
could  base  our  opinions  on  accurate  observation!  And  how  many  things 
there  are  to  be  examined !  First  of  all,  one  would  need  to  know  the  quantity 
of  water  contained  in  the  individual  tissues  in  different  cases  and  to  be  able 
to  compare  it  with  that  of  the  blood;  we  shall  advert  to  this  point  again 
in  connection  with  edema.  There  is  also  urgent  need  of  some  real  knowl- 
edge of  water  metabolism.  Of  what  use  are  repeated  comparisons  be- 
tween the  quantity  of  urine  and  the  food  when  we  do  not  know  how  much 
water  is  excreted  by  the  skin  and  lungs?  Surely  this  is  not  beyond  the 
scope  of  inquiry. 

A  large  clinic  equipped  with  a  Pettenkofer-Voit's  apparatus  and  with 
sufficient  clinical  material  could  settle  all  these  questions;  for  the  methods 
have  been  worked  out.  We  must  not  rest  content  with  the  assumption 
that  the  quantity  of  water  which  escapes  from  the  body  in  so-called 
insensible  ways  bears  the  same  percentage-relation  to  the  entire  excretion 
in  disease  as  in  health.  The  proposition  still  remains  to  be  proved.  It  is 
the  irony  of  fate  that  the  first  work  on  "  difference-determinations,"  that 
is,  a  comparison  of  the  quantity  of  water  in  food  with  that  in  the  urine,  was 
done  by  a  savant  of  the  same  university  to  which  we  owe  our  most  im- 
portant knowledge  of  the  water  metabolism  in  the  body  through  such 
investigators  as  Pettenkofer,  Voit,  and  Rubner.  The  large  respiratory 
apparatus  in  Voit's  laboratory  would,  I  presume,  have  been  equally 
available  for  heart  patients. 

EDEMA  AND  DROPSY* 

As  we  have  seen,  a  more  complete  knowledge  of  the  quantity  of  water 
contained  in  the  tissues  in  circulatory  disturbances  would  be  most  desir- 
able. We  know  most  about  the  accumulation  of  fluid  in  the  subcu- 
taneous tissue,  where  the  condition  is  known  as  edema  and  is  readily 
recognized  by  clinical  methods.  Whenever  a  large  quantity  of  lymph 
accumulates  in  the  loose  meshes  of  the  subcutaneous  tissue,  a  swelling  is 
produced.  The  external  form  of  the  affected  part  of  the  body  undergoes 
a  change;  it  becomes  less  slender;  normal  depressions  disappear.  In 
heart  patients  in  whom,  as  will  be  presently  shown,  venous  stasis  must 
be  regarded  as  the  chief  cause,  the  accumulation  of  lymph  always  shows 
itself  in  the  dependent  portions  of  the  body  because  the  effect  of  gravity 

♦Compare  M.  and  L.  Bleibtreu,  "PflUger's  Archiv,"  vol.  li,  p.  151.  Kossler, 
"Centralblatt  fttr  innere  Medicin,"  1897,  No.  26  fif. 
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is  greatest  in  those  parts.  Bed-patients  accordingly  exhibit  edema  first 
in  the  buttocks  and  scrotum  and  in  the  heels;  those  who  are  going  about, 
in  the  ankles  and  legs.  The  skin  is  swollen  and  glistening  in  proportion 
to  the  degree  of  swelling.  When  a  part  overlying  a  hard  surface  is  in- 
dented with  the  finger,  the  pit  remains  for  some  time  (the  parts  "pit  on 
pressure  ")f  the  crepitation  characteristic  of  cutaneous  emphysema  is 
absent.    A  positive  diagnosis  is  accordingly  quite  simple  and  easfly  made. 

The  degree  of  edema  varies  greatly  in  different  cases  from  the  slightest 
swelling,  which  can  be  discovered  only  by  careful  examination,  to  the 
most  ungainly  deformity  of  the  entire  body. 

The  intensity  of  the  swelling  depends  on  the  degree  of  stasis,  for  the 
latter  is  the  chief  factor  in  the  production  of  edema.  When  the  right 
heart  is  weak,  the  pressure  in  all  the  veins  of  the  body  increases  and,  as  the 
lymph-vessels  empty  into  the  veins,  they  are  also  affected  by  the  increase 
in  venous  pressure.  In  the  small  veins  it  is  probable'  that  the  endothelium 
suffers  some  functional  deterioration  owing  to  the  combined  effect  of  the 
increase  in  pressure  and  the  diminution  of  velocity;  the  endothelium 
becomes  permeable  to  the  blood-serum,  and  a  lymph  collects  outside  the 
blood-vessels,  which  contains  less  albumin  and  leukocytes  and  more 
erythrocytes  than  normal  lymph.  Owing  to  the  persistent  increase  of 
pressure  in  the  vessels,  the  elasticity  of  the  tissues  is  impaired;  for  the 
tissues,  as  we  know,  bear  a  considerable  portion  of  the  blood-pressure.* 
This  again  leads  to  the  loss  or  impairment  of  forces  which  propel  the 
tissue-juices  from  the  lymph-spaces  into  the  true  lymph- vessels,  and  hence 
also  into  the  heart.  The  lymphatic  circulation  is  specially  retarded  by  the 
fact  that  the  pressure  in  the  subclavian  veins,  into  which  the  lymph  flows, 
increases  so  that  the  "fall"  of  the  blood  is  diminished  in  every  way.  In 
short,  it  is  not  difficult  to  understand  the  entrance  of  large  quantities  of 
blood  into  the  tissue-spaces  nor  the  interference  with  its  movement — in 
other  words,  the  development  of  edema.  It  is  needless  to  say  that  edema 
affects  not  only  the  meshes  of  the  subcutaneous  tissue,  but  that  of  all 
the  organs  as  well,  particularly  in  tissues  that  are  not  naturally  endowed 
with  much  elasticity  and  in  which  the  elasticity  is  easily  diminished  by  a 
slight  degree  of  pressure. 

Hence  the  degree  of  edema  varies  in  different  organs;  but,  on  the  other 
hand,  the  time  of  its  appearance  also  varies  considerably  in  the  same  tissuQ 
in  different  individuals,  even  when  it  may  be  assumed  that  the  degree  of 
venous  stasis  is  approximately  the  same.  These  differences  depend  on 
individual  variations  in  the  sensitiveness  of.  the  blood-vessel  walls  and  of 
the  tissues. 

Dropsy  of  any  severity  at  all  is  always  a  disturbing  symptom,  because 
it  renders  movement  difficult.  Edema  of  the  prepuce  interferes  with 
urination;  hydrothorax  and  ascites  embarrass  the  breathing. 

When  the  swelling  becomes  extreme,  the  skin  may  give  way  in  places. 
This  is  followed  by  oozing  of  fluid.  It  is,  to  a  certain  extent,  a  con- 
servative event,  but  one  that  is  fraught  with  considerable  danger  because 
most  unpleasant  infectious,  inflammatory  processes  often  start  in  such 
regions. 

THE  DIGESTIVE  APPARATUS- 

The  organs  that  make  up  the  digestive  apparatus  are  affected  by 
disturbances  of  the  general  circulation  chiefly  when  stasis  develops. 

*  See  Landerer,  "Die  Gewebespannung/'  Leipzig,  1884. 
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The  symptoms  referable  to  the  gastrointestinal  canal  are  distinguished 
by  their  indefinite  character.  The  patients  complain  chiefly  of  anorexia, 
nausea,  and  frequent  belching.  Vomiting  is  rare;  constipation  is  some- 
times present.  Hemorrhoids  sometimes  become  more  swollen  as  the 
result  of  stasis,  and  not  rarely  bleeding  occurs  from  them. 

The  patients  very  frequently  complain  of  a  sense  of  pressure,  oppres- 
sion, and  a  feeling  of  fulness  after  eating.  These  symptoms  may,  of 
course,  be  due  to  disturbance  of  gastric  motility,  but  it  is  possible  that 
the  mere  filling  of  the  stomach  suffices  to  produce  disturbaaces  in  patients 
who  can  breathe  freely  only  when  the  diaphragm  is  absolutely  xmhampered 
in  its  movements  aad  when  no  special  demand  is  made  on  the  respiration. 

That  gastrointestinal  symptoms  develop  chiefly  as  the  result  of  stasis 
cannot  be  doubted,  but  we  are  still  quite  ignoraat  of  their  direct  causation. 
In  some  cases  the  cause  is  probably  a  functional  disturbance  of  the  cells 
resulting  from  the  circulatory  anomaly.  But  the  latter  sometimes  also 
gives  rise  to  catarrhal  conditions  in  the  mucous  membrane^  of  the  digestive 
tract,  especially  when  there  is  marked  involvement  of  the  liver.  Under 
such  conditions  stomatitis  also  quite  frequently  develops  and  the  tongue 
in  many  cases  is  heavily  coated.  But  on  this  point  also  much  still  remains 
to  be  said;  even  the  older  observers*  were  struck  by  the  discrepancy  be- 
tween clinical  symptoms  and  pathologic  findings. 

There  is  no  doubt,  at  least,  that  gastric  symptoms  occur  more  easily  and 
more  quickly  in  some  persons  than  in  others.  They  may  be  the  veiy 
first  symptoms.  The  patients  seek  the  physician's  advice  solely  for  their 
stomach  troubles,  and  in  these  cases  error  can  be  guarded  against  only  by 
carefully  considering  all  the  factors  in  the  problem. 

The  special  conditions  in  stomach  digestion  have  been  repeatedly 
investigated  and  with  var3ang  results.f  It  is  evident  that  the  secretory 
and  motor  activity  of  the  stomach  varies  greatly  in  different  cases.  In 
the  intestine  the  absorption  of  fat  t  is  frequently  diminished  in  circulatory 
disturbances  that  produce  a  slowing  of  the  blood-current;  in  other  cases 
it  may  be  normal.  The  absorption  of  nitrogenous  substances  does  not, 
as  a  rule,  exceed  the  average. 

Circulatory  disturbances  exert  an  important  influence  on  the  liver. 
In  this  connection,  again,  all  that  we  know  an3rthing  about  is  passive 
hyperemia,  and  oiur  knowledge  is  limited  in  the  main  to  semiology  and  the 
subjective  symptoms  complained  of  by  the  patient.  Whether,  and  if  so 
how,  the  hepatic  function  is  modified  as  a  result  of  circulatory  anomalies 
is,  for  the  present,  beyond  our  ken. 

The  liver  is  exceedingly  rich  in  veins,  belonging  to  the  vena  cava  and 
the  portal  vein;  it  contains  enormous  quantities  of  blood;  the  hepatic 
veins  are  very  near  the  right  auricle  and  are  not  separated  from  that  by 
valves — all  these  things  help  us  to  understand  that  venous  congestion  has 
a  marked  effect  on  the  liver,  the  more  so  as  the  tissue  of  a  living,  healthy 
liver  is  exceedingly  soft  and  the  organ  itself  is  very  distensible. 

*  Z.  B.  Frerichs,  "Leberkrankheiten."  vol.  i,  S.  377. 

t  Z.  B.  HOfler,  "Mttnchener  medicimsche  Wochenschrift,"  1889,  No.  33.  Adler 
and  Stern,  "Berliner  klinische  Wochenachrift,"  1889,  No.  49.  Hautecoeur,  "£tude 
mir  les  troubles  et  les  l^ions  de  Testomac  chez  les  cardiaques/'  Thesis,  Paris,  1891. 
Joms,  "Ueber  das  Verhalten  der  Magensecretion  bei  Herzkranken,"  Dissertation, 
WOrzburg,  1893. 

t  F.  MQUer,  "Congress  fOr  innere  Medicin,"  1887,  p.  404.  Ibid.,  "Zeitschrift 
fflr  Klinische  Medicin,'' vol.  zii,  p.  45.  Grossmann,  ibtd.,  vol.  xv,  p.  183.  Husche, 
"Zeitschrift  ftlr  klinische  Medicin,''  vol.  xzvi,  p.  44. 
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Owing  to  the  softness  and  vascularity  of  the  organ  it  has  frequently 
been  asserted  that  the  function  of  the  liver  is  to  take  up  large  quantities 
of  blood  in  order  to  protect  the  heart,  and  especially  the  right  ventricle, 
against  excessive  engorgement;  it  was  thought  to  do  this  especially  in 
a  number  of  animals,  such  as  dive  under  the  water,  for  instance.  This  is 
not  the  place  to  enter  into  this  question,  nor  are  the  observations  on  this 
point  by  any  means  complete. 

In  venous  stasis,  therefore,  the  liver  becomes  enlarged.  The  lower 
border  occupies  a  lower  position,  as  can  be  readily  demonstrated  by  per- 
cussion; if  the  congestion  is  very  great,  the  upper  border  may  even  be 
displaced  upward.  Dulness  is  not  infrequently  present  over  the  lower  half 
of  the  lower  lobe  of  the  lung  on  the  right  side,  which  must  be  attributed 
solely  to  the  swelling  of  the  liver.  Soon  the  outline  and  form  of  the  organ 
can  be  felt;  the  surface  is  at  first  smooth,  hard,  and  sensitive  to  pressure; 
the  edge  is  rounded  and  displaced  downward  some  distance.  In  women 
swelling  of  a  lobe  due  to  lacing  may  give  rise  to  the  most  remarkable 
tumors,  lying  far  down  in  the  abdomen  and  often  quite  movable.  [Twice 
I  have  known  this  to  be  mistaken  for  ovarian  tumor.  One  patient  died 
suddenly  (mitral  stenosis)  the  day  before  she  was  to  undergo  laparotomy 
for  tumor;  in  the  other  a  few  doses  of  digitalis  caused  the  globular  tumor 
to  withdraw  from  the  pelvis  to  the  liver  region,  continuous  with  the  liver. 
— ^Ed.]  The  enlargement  of  the  gland  affects  all  its  dimensions,  including 
those  of  the  left  lobe,  and  causes  enlargement  of  the  upper  portions  of  the 
abdomen  far  into  the  left  h3rpochondrium.  This  encroachment  on  the 
intraperitoneal  space  is  imdoubtedly  one  of  the  reasons  why  even  moderate 
overfilling  of  the  stomach  is  apt  to  produce  a  feeling  of  f uhiess  and  pressure. 

The  capsule  of  the  liver  contains  sensory  nerves,  which  are  irritated  as 
the  tension  of  the  peritoneal  covering  increases.  A  feeling  of  pressure  and 
pain,  therefore,  belongs  to  the  clinical  picture  of  hepatic  congestion.  Not 
infrequently  pain  is  the  very  first  sign — that  is,  the  pain  may  develop  even 
in  very  mild  grades  of  hepatic  enlargement.  Often  the  pain  becomes 
severe  and  it  always  renders  the  patient  uncomfortable. 

Like  all  the  other  phenomena  due  to  stasis,  the  enlargement  of  the 
liver  is  irregular  in  its  occurrence  and  cannot  be  determined  beforehand. 
According  to  French  physicians,  its  development  is  affected  by  the  previous 
condition  of  the  organ  *  While  it  is  practically  never  absent  when  there 
is  a  marked  interference  with  the  flow  of  blood  toward  the  right  heart, — 
although  the  cause  of  it  cannot  be  said  to  be  the  intensity  of  stasis, — it, 
nevertheless,  varies  greatly  in  different  individuals,  just  as  is  the  case,  for 
example,  with  edema  and  albimiinuria.  It  is  probable  that  the  elasticity 
of  the  hepatic  tissue  is  normally  subject  to  individual  variations  and,  in 
addition,  it  may  perhaps  be  influenced  by  pathologic  processes. 

Pathologically  the  process  begins  as  a  simple  passive  hyperemia, 
which  readily  causes  swelling  of  the  distensible  gland.f  If  the  hyperemia 
continues,  the  liver-cells  at  the  center  of  the  acini  between  the  dilated 
blood-vessels  undergo  atrophy.  In  a  transverse  section  taken  from  the 
center  of  a  lobule  the  vessels  are  the  most  prominent  features,  while  the 
periphery  presents  a  more  brownish  or  yellowish  appearance,  depending 
on  the  amount  of  pigment  and  fat  in  the  cells.     In  combination  with  the 

*Faure-MiUer,  "Gaz.  de  Paris,"  1891,  No.  2  and  3;  ref.  "  Virchow-Hirsch," 
vol.  ii,  p.  122. 

t  Compare  Frerichs'  excellent  exposition  of  the  subject  with  illustrations,  in 
his  book  on  "Diseases  of  the  Liver,''  vol.  i,  p.  372. 
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red  center  of  the  acini  this  produces  the  picture  of  the  so-called  nutmeg 
liver.  Around  the  hepatic  vein  the  liver-cells  are  replaced  by  connective 
tissue  which,  at  first  soft  and  rich  in  cells,  later  shrinks  and  thus 
ultimately  leads  to  a  peculiar  kind  of  cirrhosis  which  gives  the  surface  of 
the  organ  an  unequal  and  nodular  character.  This  can  often  be  felt  in 
the  living  subject;  the  liver  appears  hard  and  irregular.  Not  very  infre- 
quently patients  with  marked  hepatic  congestion  develop  a  variable 
degree  of  jaundice,  the  milder  forms  being  by  far  the  most  common.  The 
jaundice  is  always  due  to  the  deposition  of  true  bilirubin  in  the  cells, 
never  to  derivatives  of  bilirubin.  The  absorption  of  bile  is  imdoubtedly 
caused  in  some  cases  by  catarrh  of  the  small  intestine  due  to  the  congestion; 
but  intestinal  catarrh  is  by  no  means  the  only  cause  of  jaundice  in  heart 
patients,  for  the  condition  may  also  be  due  to  intrahepatic  changes  which 
we  do  not  as  yet  understand.  Liebermeister  and  Minkowski's  theory  of 
biliary  secretion  in  an  abnormal  direction  is  quite  plausible. 

It  should  be  mentioned  in  connection  with  diagnosis  that  hepatic  con- 
gestion is  often  the  first  symptom  to  be  noticed  by  the  patient  and  for 
which  he  consults  the  physician.*  In  such  a  case  a  thorough  examination 
of  the  entire  body  is  the  only  safeguard  against  painful  surprises,  which, 
however,  are  always  avoidable  if  that  precaution  is  faithfully  observed. 

The  large,  smooth,  hard  liver  of  hepatic  congestion  may  be  mistaken 
for  a  number  of  other  diseases  of  the  liver  which  produce  similar  changes 
in  the  shape  of  the  organ.  I  shall  not  discuss  the  differential  diagnosis  in 
detail,  because  to  do  so  I  should  have  to  describe  a  large  part  of  liver 
pathology.  The  essential  thing  in  these  cases  also  is  to  demonstrate  the 
existence  of  a  primary  cardiac  disease.  When  this  has  been  done,  two 
other  questions  remain  to  be  decided.  First,  is  the  cardiac  anomaly 
sufficient  to  explain  the  presence  of  hepatic  congestion?  In  cases  of 
general  stasis  this  presents  no  difficulties,  but  it  must  be  remembered  that 
swelling  of  the  liver  may  be  the  only  s3rmptom  of  venous  stasis,  particu- 
larly in  many  forms  of  arteriosclerosis. 

The  second  question  is  whether  congestion  is  the  only  pathologic 
condition  in  the  liver  or,  in  other  words,  whether  the  heart  patient  is  not 
also  suffering  from  some  other  liver  disease.  This  question  can  only  be 
decided  by  carefully  weighing  everything  that  points  to  a  special  involve- 
ment of  the  liver  in  the  morbid  process.  Sometimes  it  appears  to  me  to  be 
very  difficult  to  decide  whether  a  heart  patient  suffering  from  venous 
<;ongestion  also  has  cirrhosis  of  the  liver. 

French  physicians  are  of  the  opinionf  that  in  persons  who  are  predis- 
posed to  diseases  of  the  liver  and  in  whom  the  conditions  for  their  develop- 
ment are  fulfilled  a  simple  congestion  not  infrequently  develops  into  some 
other  anomaly  of  the  organ.  I  myself  have  known  heart  patients  in  whom 
the  edema  and  albuminuria  disappeared  completely,  while  swelling  of  the 
liver  with  granular  surface,  enlargement  of  the  spleen,  and  ascites  persisted 
until  death.  At  the  autopsy  no  signs  of  diseases  of  the  peritoneum  were 
found,  the  liver  was  large,  hard,  and  granular  from  the  presence  of  con- 
tracted connective  tissue  which  had  its  origin  in  the  central  portions  of  the 
lobules.    Such  cases  give  one  the  impression  that  the  secondary  disease 

*  Compare  Parmentier,  "Gaa.  dee  hdp.,"  1891,  vol.  hdv,  p.  229;  ref.  "Schmidt's 
•Jahrbiicher,"  vol.  ccxxxiii.  p.  191. 

tTapret,  "Union  m6dicale,"  1889,  No.  87  and  90.  Quoted  from  "Virchow- 
Hirsch,"  vol.  ii,  p,  162.  Hartle,  "Gaz.  m6d.  de  Paris,"  1891,  vol.  Ixii,  No.  2  and  3; 
ref.  "Schmidt's  JahrbQcher,"  vol.  ccxxxiii,  p.  191. 
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of  the  liver  may  cause  additional  symptoms;  for  these  symptoms  closely 
resemble  those  of  Laemiec's  cirrhosis.  Alcoholism  was  not  present  in  the 
cases  referred  to. 

It  does  not  seem  probable  to  me  that  the  condition  was  simply  one  of 
general  stasis;  the  chief  argument  against  such  a  view  is  the  marked  en- 
laiigement  of  the  spleen.  It  is  true  that  the  spleen  enlarges  imder  the 
influence  of  congestion;  but,  so  far  as  I  remember,  the  enlargement  ia 
not  great  enough  to  make  the  organ  accessible  to  palpation  during  life 
unless  some  other  causes  are  also  present.  At  least,  the  splenic  enlarge- 
ment is  not  out  of  proportion  to  the  enlargement  of  all  the  other  organs. 
But  in  the  cases  that  I  have  just  cited  there  were  never,  at  any  time,  any 
signs  of  stasis.  There  was  only  cirrhosis  of  the  liver  with  ascites  and 
splenic  enlargement,  and  it  seems  most  logical  to  attribute  these  symptoms 
directly  to  the  disease  of  the  liver  which,  in  turn,  was  dependent  on  the 
stasis.    Practically  the  same  thing  is  true  in  the  case  of  the  kidneys. 

The  question  to  what  extent  cirrhosis  may  develop  from  hepatic  congestion  has 
been  thoroughl^^  discussed  in  German,  and  especially  in  French,  literature.  French 
physicians  particularly  insist  that  marked  splenic  enlargement  and  ascites  develop 
after  faU  cardiaque^  although  the  congestion  elsewhere  in  the  body  by  no  means 
shows  even  an  approximately  proportionate  development.  The  connection  is  by 
no  means  clear,  for  severe  oisease  of  the  abdominal  organs  is  observed  very  fre- 
quently in  association  with  pericardial  adhesions.  In  the  section  on  the  Sequeke 
of  Meaiastinopericarditis  wiU  be  found  the  literature  on  the  subject,  and  in  that 
section  I  have  pointed  out  that  inflammatory  processes  of  the  serous  membranes 
probably  play  an  important  part  in  these  very  conditions. 

THE  KIDNEYS. 

In  a  large  number  of  cases  we  observe  renal  and  cardiac  s3nnptoms 
side  by  side.  The  two  sets  of  symptoms  may  be  interrelated  in  a  variety 
of  ways.  In  the  first  place,  there  is  no  doubt  that  'in  a  large  group  of 
patients  the  changes  in  the  heart  depend  on  changes  in  the  kidney,  t.  e., 
they  are  only  secondary  to  the  latter.  The  relation  between  the  heart  and 
kidneys  will  form  the  subject  of  a  special  section. 

Again,  cardiac  and  renal  disease  may  coexist  as  coordinate  results 
of  a  common  cause.  This  is  very  frequently  the  case — much  more  fre- 
quently, no  doubt,  than  has  heretofore  been  believed.  The  reason  is  that 
blood-vessels  and  kidneys  are  in  many  respects  sensitive  to  similar  in- 
fluences and  exhibit  irregularity  and  inequality  in  the  order  in  which 
they  succumb  to  such  influences.  This  question  will  have  to  be  touched 
upon  in  almost  every  section. 

In  a  third  group  of  cases  the  cardiac  affection  causes  functional  changes 
in  the  kidneys.  In  these  cases  the  causal  factor  always  resides  in  stasis 
of  the  venous  blood  and  the  lowered  pressure  in  the  arterial  blood.  The 
effect  of  circulatory  disturbances  on  the  secretion  of  urine*  has  been  de- 
termined by  a  series  of  beautiful  investigations,  especially  some  carried 
out  under  C.  Ludwig's  guidance  in  the  Vienna  Josephinum.  A  rise  in  the 
venous  pressure,  accompanied  by  a  fall  in  the  velocity  of  the  blood- 
current,  diminishes  the  excretion  of  urine,  the  diminution  affecting  the 
watery,  more  than  the  solid,  constituents;  at  the  same  time  the  cells  of  the 
kidney  become  permeable  to  the  albumin  in  the  blood-serum. 

*  See  Heidenhain's  excellent  treatment  of  the  subject  in  Hermann's  "Handbuch," 
fifth  ^tion,  vol.  i,  p.  314;  also  Cohnheim,  ''Allgemeine  Pathologie,"  second  edi- 
tion, vol.  ii,  p.  313. 
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The  quantity  of  urine  is  diminished  usually  to  less  than  one  liter  (quart), 
and  often  much  more.  The  amoimt  of  fluid  ingested  by  the  patient  must, 
of  course,  be  taken  into  account,  and  this  statement  is  based  on  the  as- 
sumption that  the  patient  takes  in  an  average  quantity  of  fluid  which 
would  correspond  to  the  secretion  of  one  and  one-half  to  two  liters  (quarts). 
The  urine  becomes  more  concentrated  and  the  specific  gravity  rises. .  A 
sediment  is  usually  precipitated.  Soon  albumin  makes  its  appearance, 
being  the  usual  albumin  and  globulin  of  the  blood-serum;  the  quantity 
is  often  quite  small — ^about  0.5  to  2.0  in  1000  by  the  inaccurate  method 
of  Esbach.  I  believe,  however,  that  many  authors  lay  too  much  stress 
on  the  low  degree  of  albuminuria  in  passive  congestion  of  the  kidney 
("Stauungsniere")  as  compared  with  nephritis.  I  have  seen  very  much 
larger  quantities  of  albumin  in  the  urine  in  cases  of  uncomplicated  passive 
congestion. 

The  sediment  is  usually  quite  abimdant  and  contains  chiefly  urates  and 
uric-acid  crystals,  leukocytes,  a  few  red  blood-cells,  occasionally  renal 
epithelium,  and  very  frequently  tube-casts.  All  authorities  agree  that 
hyaline  casts  are  never  absent,  but  I  have  often  seen  granular  and  epithe- 
lial casts  in  cases  in  which  I  felt  perfectly  justified  in  assuming  that  the 
condition  was  purely  one  of  passive  congestion. 

The  anatomic  changes  at  first  consist  simply  in  swelling  of  all  the  veins 
and  capillaries  within  the  gland.  This  causes  swelling  of  the  entire 
viscus,  which  becomes  large  and  of  a  dark  bluish  red,  especially  in  the 
medullary  portion.  As  the  renal  tissue  is  naturally  much  firmer  than  that 
of  the  liver,  the  degrees  of  enlargement  observed  are,  as  a  rule,  relatively 
less  than  in  the  liver. 

If  the  circulatory  disturbance  ceases,  the  passive  hyperemia  of  the 
kidney  disappears  altogether.  The  quantity  of  urine  is  increased  and  is 
often  greatly  in  excess  of  the  normal  because  an  opportunity  is  now 
afforded  for  the  excretion  of  the  water  that  has  accumulated  in  the  body. 
The  urine  becomes  pale,  the  specific  gravity  falls,  the  albumin  disap- 
pears, and  normal  conditions  are  speedily  restored. 

Sometimes  the  congestion  persists  for  weeks  and  months  and  then  the 
condition  becomes  much  more  complicated.  At  first  the  kidney  remains 
large  and  hard;  now,  however,  the  enlargement  is  due  not  only  to  the 
increased  quantity  of  blood,  but  also  to  an  increase  in  the  scanty  connective 
tissue  of  the  gland  and  to  round-cell  infiltration,  especially  in  the  cortex, 
^  around  the  glomeruli  and  the  blood-vessels.  Degeneration  of  the  epithe- 
Uum  is  superadded.  The  walls  of  the  veins  and  arteries  become  thicker. 
Gradually  the  newly  formed  connective  tissue  begins  to  contract  at 
definite  points  on  the  surface,  obliterating  urinary  tubules  and  glomeruli, 
and  the  kidney  becomes  smaller.  In  severe  cases  the  volume  may  be 
reduced  to  one-half  or  even  one-third.  There  develops  a  true  contracted 
kidney  with  numerous  depressions  (scars),  especially  on  the  surface.  The 
histologic  changes  of  contracted  kidney  have  been  very  carefully  investi- 
gated, especially  by  Schmaus. 

The  severer  grade  of  this  disease,  which  Bollinger  has  designated 
"cyanotic  contracted  kidney"  (Stauungsschrumpfniere),  occurs  as  a 
result  of  a  great  variety  of  conditions  that  lead  to  venous  stasis,  but  is 
more  frequent  in  the  forms  of  cardiac  disease  which  are  associated  with 
excessive  beer-drinking  than  in  any  other.  Schmaus  questions  that  the 
venous  stasis  is  the  sole  cause  of  the  condition  and  suggests  that  arterial 
processes  may  also  contribute  to  its  production.    Tins  question  will  be 
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taken  up  again;  for  the  present  we  must  consider  the  character  of  the 
urine  in  chronic  passive  hyperemia. 

In  chronic  passive  hyperemia  the  urine  is  concentrated  and  di- 
minished in  quantity;  it  contains  albumin,  white  and  red  corpuscles, 
and  always  hyaline,  quite  frequently  granular,  but  rarely  epithelial, 
casts.  I  have  repeatedly  convinced  myself  that  the  last  two  varie- 
ties of  casts  also  occur  in  this  condition.  The  interpretation  of  the 
urinary  findings  may  be  quite  easy  and  again  may  present  enormous 
difficulties,  especially  in  cases  of  myocardial  disease.  According  to  the 
books,  it  is  a  very  simple  matter,  but  in  my  opinion  this  is  far  from 
being  so.  As  a  rule,  one  has  to  decide  whether  the  condition  is  passive 
hyperemia  of  the  kidney  secondary  to  dilatation  of  the  heart  due  to  one 
cause  or  another,  or  Bright's  disease  with  secondary  disease  of  the  heart. 
In  cases  of  t3rpical  valvular  lesions  the  problem  is  much  simpler  because 
in  those  cases  alterations  of  the  kidney  are  much  more  frequently,  not  to 
say  always,  secondary.*  If  in  a  case  of  myocardial  disease  that  is  prob- 
ably primary  there  is  found,  in  addition  to  other  t3rpical  symptoms 
of  congestion  in  the  liver  and  skin,  for  example,  scanty,  concentrated 
urine  containing  but  little  albumin,  a  few  formed  constituents,  and  hyalin, 
and  possibly  a  few  granular  casts,  one  is  justified  from  the  beginning  in 
saying  that  in  all  probability  the  renal  processes  are  secondary;  and  if,  on 
the  administration  of  digitalis  or  diuretic  remedies,  the  cardiac  insufficiency 
and  renal  symptoms  disappear,  one  may  be  fairly  sure  of  one's  diagnosis. 

It  is  obviously  most  desirable  to  know  something  about  the  course  of 
the  disease  in  order  to  be  able  to  give  a  positive  opinion;  and  until  such 
knowledge  has  been  obtained,  I  would  advise  great  caution  and  reserve 
in  giving  a  diagnosis.  Without  this  precaution  one  is  easily  led  into  error, 
because  even  in  true  nephritis  the  formed  constituents  in  the  urine  may 
be  very  few  in  nimiber,  and  the  whole  urinary  picture  is  not  infrequently 
identical  with  that  of  passive  hyperemia. 

The  decision  is  most  difficult  when  the  urine,  in  addition  to  albumin 
and  hyaline  casts,  contains  numerous  granular  and  epithelial  casts,  as 
well  as  red  and  white  blood-corpuscles.  In  such  cases  I  would  advise  the 
physician  first  to  determine  by  careful  examination  whether  there  is  cardiac 
insufficiency  and  whether  signs  of  congestion  are  present  in  the  other  organs. 
If  such  signs  are  found,  as,  for  example,  a  thickened  liver  or  edema  and 
weakness  of  the  right  ventricle,  passive  renal  hyperemia  is  quite  probably 
present.  At  least  I  would  not,  in  making  a  diagnosis,  place  too  much 
dependence  upon  the  statement  that  only  a  few  hyaline  casts  are  found  in 
passive  hyperemia  to  the  exclusion  of  granular,  epithelial,  and  blood- 
casts;  for  I  have  but  too  frequently  seen  the  opposite.  I  consider  it  very 
important  in  every  case  to  be  on  the  lookout  for  any  other  features  in  the 
case  that  would  render  the  presence  of  renal  inflammation  probable. 
For  example,  albuminuric  retinitis  is  almost  a  direct  proof;  uremic 
S3mfiptoms,  to  say  the  least,  point  strongly  in  favor  of  inflammation,  and 
the  kind  and  distribution  of  the  edema  may  be  characteristic. 

If  there  are  no  signs  of  congestion  in  other  organs,  an  extremely  guard- 
ed opinion  must  be  given;  for  it  is  to  be  borne  in  mind,  as  I  have  already 
stated,  that  the  individual  organs  in  different  persons  vary  in  their  sus- 
ceptibility to  a  general  rise  of  venous  pressure  and  that  the  kidney  alone 
may  be  affected  by  it.  In  my  opinion  this  marks  the  limit  of  our  present 
diagnostic  powers.  The  old  pathologists  held  that  passive  hyperemia 
*  Compare  Traube,  "Beitrfige,"  vol.  ii,  p.  433. 
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was  one  of  the  causes  of  Bright's  disease.  It  is  true  that  Traube  under- 
took to  distinguish  clinically  between  passive  hyperemia  and  nephritis, 
and  he  was  unquestionably  right  in  doing  so  in  many  cases,  especially 
during  the  beginning  of  venous  stasis.  It  seems  to  me  doubtful,  however, 
whether  the  distinction  can  be  made  in  every  case.  The  pathologic  condi- 
tions have  already  been  referred  to.  They  show  that  long-continued, 
passive  hyperemia  almost  regularly  leads  to  hyperplastic  processes  in  the 
kidneys  which  very  closely  resemble  the  processes  of  chronic  inflanuna- 
tion. 

There  is  another  point  that  still  further  complicates  the  question. 
Unless  I  am  altogether  mistaken,  the  symptomatology  of  nephritis  is 
also  in  a  transitional  stage  or,  to  be  more  accurate,  we  are  beginning  to 
recall  statements  which  were  first  made  by  the  classic  authors,  but  which, 
in  the  course  of  time,  have  been,  to  say  the  least,  neglected.  I  do  not 
think  any  one  can  doubt  that  there  are  cases  of  nephritis  in  which  albumin 
is  totally  absent  for  long  periods  at  a  time.  Frerichs*  mentions  this  fact 
and  states  that  it  was  known  to  the  older  investigators.  E.  Wagnerf 
also  mentions  it,  and  so  does  Leyden.]:  It  is  a  well-known  fact  that  in 
t3^ical  contracted  kidney,  in  which  the  quantity  of  urine  is  increased  and 
the  specific  gravity  is  low,  albumin  is  frequently  absent;  but  that  is  not 
what  I  refer  to.  There  are  patients  with  nephritis  who  excrete  an  average 
quantity  of  urine,  of  average  specific  gravity,  and  absolutely  free  from 
albumin.  The  heart  shows  hypertrophy  and  dilatation  of  both  ventricles, 
without  valvular  lesions.  Suddenly  traces  of  albumin  make  their  ap- 
pearance and  the  patients  become  uremic.  The  intoxication  may  pass 
away  and  the  albumin  disappear  from  the  urine  again  for  months.  I  have 
seen  these  things  in  cases  of  old  arteriosclerotics  (see  the  description  of 
that  disease).  It  is  probable  that  in  these  cases,  as  in  true  nephritis  in 
general,  for  example,  in  contracted  kidney,  albumin  will  appear  after 
exercise.  If  a  patient  of  this  kind,  when  examined,  has  albuminuria 
with  hyaline,  granular,  and  epithelial  casts  in  addition  to  cardiac  hyper- 
trophy, how  is  it  possible  to  make  a  differential  diagnosis  between  secon- 
dary and  primary  renal  disease?  And  if  albumin  is  entirely  absent  from 
the  urine,  who  will  dare  to  diagnose  primary  nephritis?  Yet  it  cannot  be 
excluded! 

I  cannot  go  into  any  more  detail  on  these  matters  because  the  anatomic 
data  available  are  still  too  inaccurate  and  too  unreliable;  various  other 
factors  besides  tend  to  make  the  diagnosis  of  these  conditions  still  more 
difficult.  For  example,  the  presence  of  granular  and  epithelial  casts  in 
itself  by  no  means  justifies  a  positive  diagnosis  of  inflammation  in  the 
kidneys,  as  the  urinary  findings  in  bicyclists  appear  to  me  to  show.  Again, 
the  differences  existing  between  the  so-called  congested  arteriosclerotic 
and  true  contracted  kidney,  both  as  regards  the  pathologic  anatomy  and 
the  clinical  symptoms,  are  still  far  from  being  perfectly  known. 

It  has  already  been  stated  that  many  cases  of  so-called  congested 
and  contractigd  kidney  may  owe  their  origin  not  to  passive  congestion, 
but  to  arterial  processes — that  is  to  say,  are  not  dependent  upon  cardiac 
insufficiency.  The  arteriosclerotic  contracted  kidney  has,  in  my  opinion, 
received  much  too  little  attention  as  a  clinical  entity.  Owing  to  its 
imperceptible  onset  and  irregular  course  it  is  evident  that,  in  many  cases, 

*  Frerichs,  "Die  Bright'sche  Nierenkrankheit,"  p.  61. 
t  E.  Wagner,  "Der  Morbus  Brightii,"  p.  268. 
•       t  Leyden,  "Zeitschrift  ftlr  klinische  Medicin,"  vol.  ii,  p.  156. 
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the  disease  produces  very  faint,  and  at  the  same  time  variable  and  inter- 
mittent, symptoms,  which  are  readily  overlooked  unless  the  patient  is 
under  observation  for  a  long  time,  and  in  any  case  are  difficult  to  interpret. 
The  greatest  caution  and  reserve  in  diagnosis  are,  therefore,  indicated  in 
these  cases.  At  all  events  I  have  an  impression  that  insidious  nephritis 
plays  an  important  part  in  the  production  of  changes  in  the  size  of  the 
heart  and  that  it  must  be  thought  of  even  in  cases  in  which  no  suspicion 
of  its  presence  would  arise  during  a  routine  examination. 

Examination  of. the  eye-grounds  is  of  the  greatest  importance.  A 
typical  radiating  figure  with  hemorrhages  in  a  patient  presenting  albumin- 
uria is,  generally  speaking,  a  positive  sign  of  nephritis.  I  know  that  the 
phenomenon  may  also  occur  in  other  conditions,  and  that  in  a  few  cases 
it  has  been  observed  in  patients  who  did  not  present  the  slightest  signs 
of  kidney  disease.  But  such  a  thing  is  extraordinarily  rare,  and  it  is  safe 
to  say  that  the  combination  of  a  radiating  figure  with  albuminuria  is  prac- 
tically a  positive  sign  of  the  existence  of  nephritis. 

Granting  the  possibility  of  embolism  taking  place  in  the  case  of  heart 
disease,  it  is  obvious  that  the  accident  may  befall  the  renal  arteries  as  well 
as  any  others.  Such  an  accident  gives  rise  to  anemic,  or  much  more  rarely 
hemorrhagic,  infarcts  in  the  kidneys,  the  anatomy  of  which  need  not  be 
described  here.  Infarcts  probably  produce  no  clinical  symptoms,  at  least 
I  cannot  remember  ever  to  have  seen  any.  Trustworthy  authors,  how- 
ever, connect  the  appearance  of  blood  in  the  urine  and  pain  in  the  region 
of  the  kidneys  with  the  development  of  infarcts. 
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GENITAL  ORGANS. 

There  is  nothing  special  to  be  said  about  the  condition  of  the  genital 
organs  in  myocardial  disease.  Women  with  chronic  circulatory  disturb- 
ances not  infrequently  suffer  from  anomalies  of  menstruation,  and  the 
heart  sometimes  fails  to  respond  to  the  extra  demand  thrown  upon  it 
during  pregnancy,  and  particularly  during  parturiticta;  so  that,  as  we 
all  know  is  the  case  in  valvular  lesions,  child-bearing  may  become  the 
cause  of  cardiac  insufficiency  in  the  morbid  conditions  with  which  we  are 
dealing. 

THE  NERVOUS  SYSTEBL 

The  nervous  83rstem  is  affected  by  heart  disease  in  a  variety  of  wa3r8. 
I  shall,  of  course,  disregard  all  accidental  combinations,  which  must 
necessarily  occur  in  the  case  of  two  such  large  and  frequent  clinical  groups. 

The  fact  that  in  grave  circulatory  disturbances  thrombi  may  form  at 
many  points  in  the  body  and  may  send  out  emboli  affords  an  opporttmity 
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for  the  development  of  a  great  variety  of  focal  diseases  of  the  central 
nervous  system.  On  the  other  hand,  the  interference  with  respiration 
by  a  change  in  the  composition  of  the  blood  is  also  effected  through  the 
medium  of  the  nervous  system. 

The  phenomenon  of  Cheyne-^tokes  breaihing  is  not  infrequently  ob- 
served in  heart  patients.  Its  clinical  features  are  as  well  known  as  its 
mode  of  origin  is  obscure.*  At  least  there  is  no  doubt  that  it  always 
indicates  grave  alterations  in  the  character  of  the  blood  and  of  the  brain- 
cells,  and,  therefore,  develops  whenever  the  blood-supply  of  the  latter  is 
impaired;  for  the  present,  however,  we  are  unable  to  explain  fully  the 
original  cause  of  the  phenomenon.  It  indicates  a  change  in  the  brain-cells — 
therein  lies  its  importance;  it  is  a  grave  S3miptom.  But  in  this  matter 
also  I  would  sound  a  warning  against  the  tendency  to  go  by  hard-and-fast 
rules.  In  fact,  one  should  never  give  an  unfavorable  prognosis  based  on  a 
single  symptom,  not  even  on  Cheyne-Stokes  breathing. 

Headache,  vertigo,  tinnitus  aurium,  flashes  before  the  eyes,  and  syncopal 
attacks  are  quite  frequently  observed  either  singly  or  in  combination. 
The  headache  may  be  very  variable,  both  as  regards  severity  and  duration; 
it  may  be  permanent  or  paroxysmal,  and  may  be  referred  to  different 
parts  of  the  head.  Sometimes  the  headache  is  a  concomitant  of  general 
nervousness,  but  quite  often  it  is  unaccompanied  by  any  neurasthenic 
symptoms,  and  in  such  cases  is  generally  as  obscure  in  its  origin  as  the 
other  above-mentioned  symptoms,  unless  it  can  be  attributed  to  a  pro- 
found cerebral  anemia.     In  many  cases,  however,  that  is  impossible. 

The  condition  of  the  heart  exerts  a  considerable  influence  on  the  entire 
psychic  behavior  of  the  patient.  The  symptoms  of  heart  disease,  and 
still  more  the  knowledge  of  its  existence,  very  frequently  produce  general 
depression;  this  was  noticed  by  the  older  authors,  for  example,  by  Kreysig. 
The  patients  cease  to  enjoy  life,  become  discouraged,  and  lose  confidence 
in  themselves,  especially  when  they  have  never  learned  self-control.  The 
most  enthusiastic  eulogist  of  the  present  time  will  hardly  be  able  to  deny 
that  the  inordinate  desire  for  personal  happiness  which,  as  appears  both 
from  a  large  portion  of  our  literature  and  from  the  views  of  large  numbers 
of  people,  especially  among  the  so-called  educated  class,  is  regarded  as  the 
only  justifiable  and  desirable  aim  in  life,  is  not  calculated  to  strengthen 
the  character.  We  find  but  few  among  our  patients  nowadays  who  even 
take  the  trouble  to  try  to  control  themselves,  and  still  fewer  ever  learn 
to  do  so. 

Thus  the  sjonptoms  of  hypochondriac  neurasthenia  of  every  grade, 
from  the  mildest  to  the  most  severe,  very  frequently  develop  in  heart 
patients,  and  it  is  undoubtedly  the  knowledge  of  being  afflicted  with  heart 
disease  that  forms  the  connecting  link.  I  shall  not  go  into  detail;  for 
practically  all  the  sjonptoms  observed  in  neurasthenia  are  exhibited  by 
patients  of  this  type.  As  a  rule,  it  is  not  difficult  to  recognize  the  symptoms 
as  neurasthenic,  but  it  is  not  always  easy  to  gain  a  clear  idea  of  the  con- 
nection between  the  cardiac  and  the  nervous  symptoms.  Quite  frequent- 
ly the  latter  are  dependent  on  the  former,  as  has  already  been  stated.  On 
the  other  hand,  there  are  numerous  cases  in  which  neurasthenia  is  the 
primary  condition  and  causes  symptoms  referable  to  the  heart ;  for  nervous 
cardiac  symptoms,  as  we  shall  presently  have  to  explain,  usually  mean 
simply  that  the  neurasthenia  manifests  itself  first  in  a  disturbance  of  the 
heart.    Nevertheless,  it  may  be  exceedingly  difficult  to  decide  whether 

*  Krehl,  "  Pathologische  Physiologie,"  p.  210. 
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the  heart  symptoms  are  nervous  or  muscular,  or,  to  put  it  diflferently,  how 
much  of  the  cardiac  disturbance  must  be  attributed  to  general  nervous- 
ness and  how  much  to  disease  of  the  heart.  To  what  extent  this  is  possible 
will  be  explained  in  discussing  nervous  conditions. 

While  neurasthenia  often  develops  secondarily  to  heart  disease,  hysteria, 
in  a  similar  relation,  is  comparatively  rare.  There  is  no  doubt  that  the 
two  conditions  are  sometimes  associated,  as  might  be  expected  in  the  case 
of  two  such  common  diseases.  But  I  cannot  remember,  during  recent 
years;  ever  to  have  seen  hysteric  phenomena  develop  as  the  result  of  a 
myocardial  disease,  and  I  attach  very  much  importance  to  the  fact  that 
Romberg  has  had  the  same  experience.  It  is  true  that  French  physicians 
hold  an  opposite  opinion;  but  I  do  not  believe  that  in  this  particular  point 
we  can  compare  their  people  with  ours;  the  national  differences  are  too 
great. 

There  is  nothing  special  to  be  said  about  the  relations  existing  between 
epilepsy  and  heart  disease;  it  is  now  known  that  the  association  of  the  two 
diseases  is  usually  accidental.^  I  have  occasionally  seen  in  heart  patients 
conditions  of  intense  excitement  with  hallucinations.  The  attack  would 
occur  either  without  any  cause  or  as  the  result  of  some  occurrence  which 
would  hardly  disturb  a  normal  individual.  If  nothing  else,  this  shows  the 
importance  of  bearing  in  mind  that  heart  patients  are  always  extremely 
irritable  and  are  subject  to  unexpected  nervous  explosions.  This  fact 
must  be  borne  in  mind  in  connection  with  the  treatment. 

When  no  special  cause  can  be  demonstrated  for  one  of  these  attacks, 
the  case  is  usually  found  to  be  an  attack  of  cardiac  weakness  lasting  for 
several  days  or  even  weeks,  and  attended  by  the  usual  unpleasant  symp- 
toms such  as  dyspnea,  anxiety,  inabiUty  to  assume  a  comfortable  position^ 
and  insonmia.  Hence  it  seems  probable  that  in  these  cases  a  condition 
resembling  exhaustion  may  be  at  the  bottom  of  the  trouble;  the  patients 
are  both  fatigued  in  the  extreme  and  excited  at  the  same  time,  intensely 
irritable,  and  sometimes  even  inclined  to  violence.  They  try  to  get  out  of 
bed;  to  leave  the  room;  they  are  slow  to  recognize  people  whom  they 
know  perfectly  well  or  fail  to  recognize  them  altogether;  give  wrong 
orders  and  then  fly  into  passion  if  they  are  not  obeyed.  The  condition 
is  not  infrequently  complicated  by  auditory,  and  especially  visual,  hallu- 
cinations. 

After  a  few  days,  especially  if  improvement  takes  place  in  the  circula- 
tion, or  even  without  it,  the  attack,  as  a  rule,  passes  away.  Heart  disease 
does  not  specially  predispose  to  the  development  of  chronic  mental  dis- 
turbances.! 
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SUBJECTIVE  DISTURBANCES  OF  THE  CARDIAC  FUNCnON. 

DYSPNEA. 

Subjective  dyspnea  occurs  in  association  with  anomalies  of  the  cardiac 
function  in  one  of  two  ways:  First,  disease  of  the  circulatory  apparatus 
may  be  the  cause  of  the  respiratory  disturbance.  An  attempt  has  already 
been  made,  in  discussing  the  influence  of  cardiac  disease  on  the  respiratory 
apparatus  (p.  504),  to  explain  the  pathology,  which  is  exceedingly  com- 
plicated. 

Second,  d3rspnea  and  abnormalities  of  the  cardiac  fimction  may  be 
''nervous,"  in  which  case  they  must  be  regarded  as  due  to  a  common 
cause,  namely,  some  disease  of  the  central  nervous  system.  This  point 
will  be  discussed  in  the  section  on  Nervous  Diseases  of  the  Heart. 

CARDIAC  FEAR.  CARDIAC  PAIN,  ANGINA  PECTORIS. 

Some  heart  patients  are  subjectively  quite  unaware  of  thdr  disease, 
although  this  is  exceptional,  particularly  in  the  conditions  with  which 
we  are  here  concerned.  As  a  rule,  some  abnormal  sensations  are  present, 
at  least  at  times.  The  character  of  these  sensations  varies  very  greatly. 
We  have  already  mentioned  the  sensation  of  dyspnea,  and  have  attempted 
to  show  how  it  may  be  explained.  It  is  usually,  but  not  invariably, 
associated  with  a  sense  of  fear;  severe  dyspnea,  in  the  beginning  at  least, 
always  produces  fear.  Sometimes,  however,  the  patients  become  so  used 
to  the  condition  of  dyspnea  that  they  lose  their  dread  of  it,  so  to  speak, 
and  the  sensation  of  fear  becomes  less  and  less  prominent.  On  the  other 
hand,  fear  may  be  disproportionately  great  in  mild  degrees  of  dyspnea. 
It  is  evident,  therefore,  that  the  two  conditions  are,  to  a  great  extent, 
independent  of  one  another,  and  there  is  no  doubt  that  the  patient's 
personality  plays  an  important  r61e,  although  we  do  not  as  yet  understand 
the  subject  in  all  its  detidls. 

Fear  occurs  in  heart  patients  even  when  there  is  no  dyspnea  whatever; 
it  is  often  the  only  sensory  sjrmptom.  I,  of  course,  disregard  the  condi- 
tions of  "heart  fear"  occurring  in  melancholic  and  paralytic  individuals; 
for  we  are  dealing  only  with  heart  patients.  In  the  former  class  the  fear 
is  of  a  purely  psychic  origin,  and  changes  in  the  cardiac  function,  if  present, 
are  only  secondary.  It  is  well  known  that  fear  not  infrequently  influences 
the  action  of  the  heart  and  of  the  blood-vessels  in  a  variety  of  ways,  and 
if  the  patient  accidentally  is  also  a  sufferer  from  arteriosclerotic  changes 
in  the  heart, — ^which  in  this  case  need  not  necessarily  have  an3^hing  to 
do  with  the  production  of  the  sjrmptoms, — it  is  readily  seen  that  it  may 
be  difficult  and  require  much  penetration  to  arrive  at  a  correct  under- 
standing of  the  origin  of  the  various  disturbances.  It  is  possible  that 
in  these  cases  also  there  may  be  a  deeper  connection  than  one  is  inclined 
to  think.  Thus,  it  is  possible  that  the  heart  is  more  apt  to  be  affected 
by  fear  in  patients  whose  physical  condition,  owing,  for  example,  to  the 
existence  of  arteriosclerosis,  predisposes  them  to  such  disturbances. 

The  sensations  of  fear  that  occur  in  nervous,  neurasthenic,  and  hysteric 
subjects  have  a  close  pathogenetic  relation  to  the  condition  just  described. 
The  fear  in  these  cases  rests  on  a  basis  of  psychic  abnormality  which 
in  many  cases  manifests  itself  chiefly  by  cardiac  phenomena.  This  point 
will  be  discussed  more  fully  and  an  attempt  will  be  made  to  show  to  what 
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extent  we  can  recognize  implication  of  the  heart.  At  the  same  time  an 
accurate  description  of  these  s3rmptoms  will  be  given.  (See  the  section 
on  Nervous  Diseases  of  the  Heart.) 

For  the  present  we  are  interested  in  the  occurrence  of  fear  dependent 
upon  diseases  of  the  heart.  Viewed  from  this  standpoint,  the  sensation 
is,  therefore,  a  symptom  which  may  be  produced  by  any  functional 
anomaly  of  the  heart.  '  It  is  extremely  frequent  not  only  in  sclerosis  of 
the  coronary  arteries,  but  also  in  myocarditis  and  the  various  other  forms 
of  muscular  disease.  Careful  interrogation  of  the  patient  hardly  ever 
fails  to  elicit  complaints  of  this  kind. 

The  symptom  occurs  in  every  conceivable  degree.  The  patients 
oomplain  of  a  feeling  of  anxiety  and  constriction  or  oppression;  some- 
times the  sensation  has  an  element  of  pain. 

Pain  may  be  the  most  prominent  feature;  it  may  even  be  present 
alone,  without  any  trace  of  fear.  That,  however,  is  very  much  more  rare. 
The  painful  sensations  vary  exceedingly  in  different  cases;  but,  so  far 
as  I  can  observe,  and  so  far  as  I  have  been  able  to  ascertain  from  patients, 
they  have  a  certain  peculiarity  in  common.  Patients  who  are  careful 
observers  can  readily  distinguish  heart  pain  from  other  sensations  localized 
in  the  cardiac  region.  For  the  present  we  do  not  know  the  precise  con- 
ditions of  its  development.  We  are  only  aware  that  pain  is  much  more 
frequent  in  diseases  of  the  heart  muscle,  especially  in  diseases  of  the 
<3oronary  arteries  and  at  the  base  of  the  aorta,  than  when  the  disease  is 
located  at  the  venous  orifices.  Nothnagel  lays  particular  stress  on  this 
point.* 

Even  at  this  stage  not  a  few  patients  complain  of  the  indefinable 
sensation  which  is  so  terribly  feared  by  sufferers  from  pronoimced  steno- 
cardia, and  which  is  described  as  that  of  impending  annihilation.  Not 
that  the  symptom  is  observed  in  this  severe  form,  but  the  patients, 
nevertheless,  complain  of  a  good  deal  of  pain.  Finally,  paresthesiae  and 
pain  radiating  to  the  left  arm  are  also  present. 

On  the  whole,  these  sensations  exhibit  a  great  variety  of  different 
shades,  both  as  regards  the  severity  of  the  individual  impression  and  the 
association  with  anxiety,  oppression,  and  pain.  It  is  impossible  to  give 
a  description  applicable  to  all  cases,  as  the  statements  of  individual 
patients  vary  widely.  It  is  quite  natural  that  it  should  be  so;  for  what 
we  are  told  is,  of  course,  greatly  influenced  by  the  patient's  own  person- 
ality. 

As  a  rule,  palpitation  is  also  present.  This  peculiar  s3anptom  will 
be  discussed  presently  in  its  proper  connection,  and  I  shall,  therefore, 
say  nothing  more  about  it  here.     (See  the  next  section.) 

The  exciting  cause  of  the  sensations  is  likewise  variable.  In  some 
cases  the  symptom  makes  its  appearance  whenever  a  special  demand 
is  made  on  the  heart,  as,  for  example,  during  muscular  movements  ac- 
companied by  exertion.  Many  individuals  suffer  terrible  disability 
from  the  symptom,  and  in  some  cases  are  entirely  incapacitated.  Not 
infrequently,  in  the  latter  class  of  cases,  physical  examination  of  the  heart 
would  indicate  that  the  functional  capacity  is  still  quite  good;  but  the 
patients  insist,  nevertheless,  that  the  oppressive  symptoms  are  brought 
on  by  any  attempt  at  work  and  absolutely  force  them  to  desist.  Those 
who  are  engaged  in  manual  work,  of  course,  suffer  the  most. 

Or  the  sensations- are  complained  of  at  night,  and  are  then  associated 
*  Nothnagel,  "Zeitschrift  fur  klinische  Medicin/'  vol.  xix,  p.  209. 
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with  a  certain  degree  of  dyspnea.  It  is  my  impression  that  these  milder 
conditions  are  particularly  frequent  at  night,  although  the  same  may  be 
true  of  angina  pectoris.  But  the  latter  is  very  apt  to  occur  during  the 
day,  mostly  after  overexertion. 

In  other  words,  we  are  dealing  with  the  mildest  forms  of  cardiac  asthma 
and  stenocardia.  In  arteriosclerosis  these  conditions  are  very  frequent; 
they  either  precede  the  severe  attacks  or  persist  for  many  years  with 
the  same  intensity.  The  patients  awake  at  night  after  several  hours  of 
sound  sleep  with  a  certain  sense  of  dyspnea  or  with  a  pain  in  the  chest, 
and  at  once  become  anxious.  Orthopnea  is  the  rule.  Some  feel  better 
if  they  walk  up  and  down  the  room;  others  open  the  window  and  seek 
relief  by  inhaling  the  cool  air.  The  attack  lasts  from  one-half  to  two 
hours,  after  which  the  sense  of  oppression  and  the  anxiety  disappear. 
Sometimes  the  patients  break  out  in  perspiration,  after  which  they  are 
able  to  sleep  again.  While  some  patients  feel  quite  well  the  next  morning, 
others  complain  of  more  or  less  weakness. 

These  attacks  belong  neither  to  typical  cardiac  asthma  nor  to  pure 
angina  pectoris.  They  represent  a  mixed  form  and  not  infrequently  a 
prodromal  stage  of  the  former.  As  I  have  already  remarked,  nature 
does  not  adhere  to  fixed  schemes.  The  severe  forms  of  angina  pectoris 
are  the  most  impressive  and  have  always  arrested  the  attention  of  ob- 
servers. That  is  why  they  have  received  the  most  extensive  description 
in  the  literature.  Fortunately,  however,  the  aboveniescribed  milder 
phenomena  are  much  more  frequent  in  practice  and,  therefore,  much 
more  important  from  a  practical  standpoint,  as  Laennec  pointed  out. 
The  conditions  under  which  they  occur  indicate  their  similarity  to  the 
severe  attacks  and,  as  a  matter  of  fact,  there  is  no  sharp  line  of  separation 
between  the  two  forms.  While  it  is  possible  to  differentiate  by  means 
of  clear  definitions  and  there  is  some  advantage  in  doing  so,  especially 
for  purposes  of  diagnosis  and  treatment,  such  definitions  do  not  correspond 
to  tiie  actual  morbid  processes,  which  do  not  present  any  sharp  boundary- 
lines.  This  should  be  borne  in  mind.  For  it  is  only  by  doing  so  that  the 
very  great  frequency  of  sensory  disturbances  and  their  significance  in  the 
diagnosis  of  diseases  of  the  heart  can  be  properly  appreciated. 

A  proper  appreciation  of  the  frequency  of  these  milder  forms  of  angina 
pectoris  is  also  important  if  one  would  understand  the  pathogenesis  of 
the  disease.  The  severe  attacks,  as  appears  from  what  we  have  already 
said  about  cardiac  asthma  and  from  what  we  shall  have  to  say  about 
stenocardia,  occur  preeminently  with  sclerosis  of  the  coronary  arteries. 
This  is  also  true  of  the  milder  forms,  and  the  reason  they  are  so  frequent 
is  that  arteriosclerosis  of  the  heart  is  a  common  condition.  This,  there- 
fore, disposes  of  an  objection  that  is  so  often  made  against  the  theory 
of  a  causal  connection  between  these  two  conditions,  namely,  that  sclerosis 
of  the  coronary  arteries  is  quite  common,  while  severe  attacks  of  angina 
pectoris  are  rare.  The  explanation  is  that,  for  the  production  of  severe 
attacks,  certain  special  or  especially  marked  changes  are  required,  which, 
fortxmately,  are  but  seldom  present.  In  the  great  majority  of  cases  the  at- 
tacks are  mild  and  might  perhaps  appropriately  be  cBiled  angiruM. 

It  is  needless  to  say  that  we  are  far  from  having  a  clear  understanding 
of  the  pathologic  process.  We  do  not  even  know  to  what  morbid  process 
the  sense  of  oppression,  anxiety,  and  pain  is  due  in  those  quite  common 
cases  in  which  we  are  imable  to  explain  these  symptoms  on  the  ground 
of  actual  dyspnea. 
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The  conditions  known  as  angina  pectoris  or  stenocardia*  in  the  narrower 
sense  of  the  term,  are  characterized  by  an  unspeakable  and  indescribable 
feeling  of  annihilation  of  a  painful  character,  and  associated  with  most 
intense  fear. 

The  pain  is  seated  behind  the  sternum,  often  a  little  to  the  left  or  to 
the  right  of  the  bone,  much  more  rarely  behind  the  apex  of  the  heart. 
From  this  point  of  origin  the  pain  may  radiate  to  other  r^ons,  but  this 
is  not  by  any  means  a  constant  feature.  Most  frequently  the  pain  radiates 
to  the  left  arm,  either  over  the  entire  distribution  of  the  brachial  plexus 
or  only  to  some  of  its  individual  portions.  Frequently  the  patients  have 
a  sense  of  weight  and  formication  in  the  left  arm.  Occasionally  the  entire 
extremity  feels  as  if  paralyzed  for  hours  after  the  attack,  or  must  be  kept 
absolutely  immovable  on  account  of  the  great  pain.  Vasomotor  dis- 
turbances— pallor  of  the  skin  or,  as  described  by  Huchard,  weakening 
of  the  pulse — are  not  infrequently  observed  in  the  arm  and  hand  of  the 
left  side. 

The  pain  may  radiate  to  any  other  portion  of  the  body,  as  the  right 
arm,  back,  epigastrium,  legs,  and  testicles. 

Sometimes  the  pain  attains  its  highest  d^ree  of  severity  in  these 
remote  portions  of  the  body;  or  the  latter  represent  the  original,  and  in 
some  cases  the  only  seat  of  the  pain.  In  such  cases  the  diagnosis  of 
stenocardia  may  be  extremely  difficult  and,  in  order  to  identify  the  con- 
dition, great  stress  must  be  laid  upon  the  accompanying  feeling  of  anxiety 
and  impending  annihilation. 

The  pain  is  always  very  severe,  and  is  usually  described  as  constricting 
and  oppressive.  Although  individual  patients  vary  in  their  statements, 
such  expressions  as  the  feeling  of  a  tight  ring  around  the  chest,  an  enor- 
mous weight  on  the  chest,  or  a  feeling  as  if  the  chest  were  compressed 
by  an  iron  hand  or  crushed  between  two  plates  of  steel  are  encountered 
again  and  again. 

In  addition  to  the  pain  there  is  always,  except  in  a  very  few  cases,  a 
feeling  of  terrible  oppression,  a  horrible  fear,  and  a  sense  of  annihilation. 
It  often  seems  to  me  that  this  fear  and  sensation  of  impending  destruction 
are  the  most  terrible  features  of  the  condition  and  explain  the  patient's 
extraordinary  dread  of  its  occurrence.  In  the  patient's  mind,  at  least, 
the  remembrance  of  these  sensations  is  far  worse  than  that  of  the  pain. 
This  is  also  mentioned  by  Latham  and  Huchard.  The  patients  feel  as 
if  they  were  facing  death,  and  the  vision  takes  such  a  horrible  form  that 
many  declare  their  willingness  to  bear  an3^hing  rather  than  go  through 
such  terror  again.  As  an  old  English  and  German  description  has  it, 
there  is  ''a  general  pause  in  the  vital  functions"  so  far  as  the  patient's 
sensations  are  concerned. 

The  heart  action  itself  is  usually  disturbed  during  the  attack;  the 
pulse  is  small,  soft,  often  irregular  and  unequal,  usually  accelerated,  and 
sometimes  abnormally  slow.    Not  infrequently  embryocardia  is  present. 

Hence  cardiac  loeakness  is  uriquestioinably  the  nUe,  but  according  to 
the  literature  it  does  not  invariably  accompany  the  attacks.  This  fact 
has  been  positively  stated  by  excellent  observers,  in  fact,  by  the  classic 
writers,  on  the  subject,  among  whom  I  need  only  mention  Heberden 
and  Huchard. 

'*'I  omit  the  numerous  other  synonyma  which  have  oome  up  since  this  disease 
has  become  known.  The  two  expressions  used  in  the  text  may  be  regarded  as 
having  been  generally  adopted. 
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Some  authorities  even  contend  that  the  action  of  the  heart  may  be 
stronger  during  the  attack.  There  is  no  doubt  that  a  large  number  of 
detailed  and  careful  descriptions  of  the  circulation  during  the  attack 
would  be  most  desirable.  For  it  would  be  difficult  to  find  a  condition 
in  which  the  statements  of  experienced  and  reliable  observers  exhibit  such 
marked  divergence,  as  any  one  may  convince  himself  by  examining  the 
statements  collected  in  the  various  text-books.  Nothing  is  gained  by 
citing  the  various  theories,  as  every  conceivable  view  has  the  support 
of  physicians  of  the  first  rank.  It  only  shows  the  necessity  of  further 
investigation.  It  is  quite  true  that  these  investigations  are  not  easy 
to  carry  out,  for  severe  stenocardia  is  very  rare  and  the  patient's  condition 
is  so  grave  that  it  is  not  easy  to  make  observations.  But,  at  all  events, 
the  pulse  [heart-beat  or  sounds — Ed.]  can  be  counted  and  its  properties, 
as  determined  by  palpation,  can  be  described.  One  hundred  detailed 
clinical  histories  written  by  good  observers  would  be  of  great  value. 
That  the  pulse  may  be  very  bad  during  the  attack  is  provwi  by  direct 
statements  to  that  effect  found  in  the  literature.  Eichwald  describes 
a  very  curious  change  during  the  attacks;  but  I  have  not  been  able  to 
find  any  convincing  case  histories  to  prove  that  the  action  of  the  heart 
may  remain  unchanged  during  the  paroxysm.  In  this  connection,  how- 
ever, the  reader  is  reminded  of  the  very  positive  and  explicit  statements 
by  O.  Vierordt  and  A.  Fraenkel. 

A  number  of  patients  complain  of  palpitation  during  the  attack,  that 
is,  they  are  aware  of  violent  and  irregular  contractions.  If  cardiac  insuffi- 
ciency is  present,  the  s3anptoms  of  acute  cardiac  dilatation  may  develop 
rapidly. 

The  respiration  during  true  stenocardia  is  absolutely  unaffected,  which 
positively  distinguishes  the  attacks  from  cardiac  asthma.  Topical  cases 
of  this  kind  do  occur.  The  patients,  in  their  effort  to  remain  as  quiet 
as  possible,  even  hold  their  breath,  which  is  certainly  the  best  proof  that 
there  is  no  interference  with  respiration.  As  usual,  however,  uncompli- 
cated cases  are  not  the  rule.  Mixed  forms*  are  quite  often  observed  in 
which  the  attacks  are  accompanied  by  more  or  less  severe  dyspnea;  that 
is  to  say,  the  patient  first  feels  anxious  and  complains  of  pain,  after  which 
cardiac  asthma  is  superadded,  probably  due  to  weakness  of  the  heart. 

The  appearance  of  the  patient  during  the  attack  is  quite  character- 
istic; the  features  are  sunken,  the  face  is  pale  and  cold  and  wears  an  ex- 
pression of  agony,  and  of  the  most  intense  anxiety  and  distress. 

The  patients  try,  if  possible,  to  avoid  every  form  of  muscular  move- 
ment. If  the  attack  occurs  while  the  patient  is  in  bed,  he  sits  up  and 
grasps  the  sides  of  the  bed.  If  it  comes  on  while  the  patient  is  walking, 
he  grasps  the  nearest  object,  such  as  a  fence  or  wall,  and  clings  to  it  for 
support  or  braces  some  part  of  the  body — the  chest  or  the  back — against 
it;  but  if  he  is  unable  to  obtain  some  such  support,  he  stops  short,  or 
crouches,  or  even  sits  down  on  the  ground.  The  patient's  whole  de- 
meanor, and  the  fact,  finally,  that  he  even  holds  his  breath,  indicate  his 
extreme  anxiety  to  remain  perfectly  quiet. 

As  a  rule,  and  it  must  be  added  unfortunately,  consciousness  is  pre- 
served during  the  entire  attack;  the  poor  sufferers  are  forced  to  taste 
the  full  horror  of  fear.  Occasionally,  however,  syncope  takes  place  either 
during,  or  at  the  beginning  of,  the  attack.    As  Vierordt  has  quite  correctly 

*  See  also  Leyden's  case  histories, '' Zeitschrif t  fVa  klinische  Medicin/'  vol.  vii. 
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pointed  out,  such  an  event  has  diagnostic  importance,  as  the  stenocardia 
in  such  cases  may  be  masked  by  an  apparently  benign  process. 

In  organs  the  seat  of  abnormal  sensations,  and  in  others  as  well,  the 
most  peculiar  functional  and  secretory  disturbances,  too  numerous  to 
be  enumerated  here,  sometimes  occur.  For  example,  insuflSciency  of 
the  sphincters,  the  excretion  of  a  large  quantity  of  pale  urine,  persistent 
belching,  and  a  number  of  other  phenomena  are  observed.  The  attack 
is  quite  commonly  either  accompanied  or  followed  by  profuse  general 
perspiration. 

The  duration  of  the  attack  is  variously  given.  In  most  cases  it  lasts 
only  a  few  seconds  or  minutes,  which,  in  view  of  the  horrible  nature  of 
the  symptoms,  is  most  fortunate.  But  attacks  lasting  half  an  hour  also 
occur,  and  some  lasting  even  much  longer  have  been  reported.  I  believe 
attacks  of  such  duration  undoubtedly  occur.  In  the  cases  of  long  duration 
that  I  have  seen  there  were  a  number  of  short  attacks  in  succession,  during 
the  intervals  between  which  the  patients  did  not  return  to  their  normal 
condition,  but  continued  to  complain  of  a  sense  of  severe  pressure  on  the 
chest  and  a  certain  degree  of  pain  and  anxiety,  lasting  many  hours,  and 
from  time  to  time  increased  by  the  frightful  sensations  of  a  typical  attack. 

The  exciting  cause  of  the  attack  is  found  sometimes  in  muscular  exer- 
tion. The  degree  of  the  latter  which  is  necessar}*^  to  bring  on  an  attack 
varies  with  the  individual.  It  is  impossible  to  predict  in  a  given  case 
what  particular  form  of  muscular  exertion  will  prove  harmful,  as  a  great 
many  factors  enter  into  the  problem.  On  the  other  hand,  some  patients 
know  perfectly  well  that  if  they  perform  such  and  such  a  movement  they 
will  get  an  attack.  In  these  cases  the  above-described  milder  conditions 
of  heart  fear  and  oppression  are  present  at  the  beginning  and  later  give 
place  to  true  stenocardia.  Violent  psychic  emotion,  a  copious  meal,  or 
coitus  may  be  the  direct  cause  of  the  attack,  as  a  large  number  of  ex- 
amples show.  The  peculiar  cases  described  by  Nothnagel  in  which  a 
wide-spread  spasm  of  the  arteries  appeared  to  be  responsible  for  the 
occurrence  of  anginoid  conditions  will  be  discussed  later.  But  all  these 
causal  conditions  have  in  common  that  they  make  a  greater  demand  on 
the  heart. 

But  the  attacks  quite  often  occur  while  the  patient  is  absolutely  quiet. 
Not  infrequently  the  attack  occurs  first  at  night,  and  may  at  once  assume 
the  most  frightful  severity;  in  these  cases  the  direct  cause  of  the  attacks 
is  absolutely  unknown. 

With  regard  to  the  number  of  severe  attacks  that  may  occur  in  the 
same  patient,  it  is  impossible  to  make  a  general  statement.  Some  are 
only  called  upon  to  go  through  the  horrible  torment  once,  twice,  or  three 
times,  either  because  death  occurs  in  one  of  the  first  attacks  or  because 
the  attacks  do  also  actually  disappear.  On  the  other  hand,  the  attacks 
may  be  very  frequently  repeated;  in  some  cases  several  times  or  even 
frequently  during  the  day,  after  every  severe  movement. 

In  other  cases  there  may  be  intervals  of  freedom  lasting  months  or 
years.  It  is  impossible,  therefore,  to  lay  down  a  rule.  One  thing  is  posi- 
tive, however:  true  stenocardia  is  always  an  exceedingly  grave  condition. 
Many  of  those  who  are  subject  to  it  die  during  the  attack,  and  their  man- 
ner of  death  is  frequently  more  rapid  and  sudden  than  in  any  other  fatal 
condition  that  I  am  acquainted  with. 

Death  may  be  preceded  by  the  well-known  signs  of  stenocardia,  but 
quite  often  there  is  not  even  time  for  their  development;   the  patient 
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collapses  while  engaged  in  some  occupation,  and  life  is  extinct.  Steno- 
cardia is  probably  the  most  important  cause  of  sudden  death  in  old  people. 

It  follows,  therefore,  that  a  guarded  prognosis  should  be  given  in 
every  case;  but  it  is  impossible  to  tell  beforehand  how  often  the  attack 
will  be  repeated  nor  which  attack  will  prove  fatal. 

The  incidence  and  distribution  of  well-marked  angina  pectoris  are 
explained  by  the  fact  that  arteriosclerosis,  as  will  be  presently  shown, 
plays  an  important  part  in  its  production,  particularly,  as  it  seems,  that 
form  of  arteriosclerosis  which  is  associated  with  increase  of  the  arterial 
tension.*  The  condition  is  undoubtedly  quite  common  among  the  well- 
to-do,  and  particularly  among  peQpIe  who  are  given  to  dietetic  excesses. 
It  is  observed  chiefly  after  the  thirty-fifth  year  of  life,  and  more  frequently 
in  men  than  in  women.  The  same  statements  apply  to  stenocardia;  at 
least  such  is  my  very  positive  impression,  gained  both  from  the  literature 
and  from  personal  experience.  Blanc t  observed,  among  3813  private 
patients  (with  380  deaths),  21  instances  of  palpitation  and  angina  pectoris 
(4  deaths),  and  among  3835  patients  in  St.  Thomas'  Hospital  in  London 
(with  389  deaths)  he  observed  palpitation  only  in  4  cases  and  angina  pectoris 
not  at  all.  It  is  true  that  even  siich  statistics  as  these  are  not  above 
criticism;  for  it  may  be  objected,  on  the  one  hand,  that  well-to-do 
people  formerly  were  in  the  habit  of  consulting  a  physician  earlier  and 
more  frequently,  and,  on  the  other  hand,  the  diseases  represented  in 
hospital  and  in  private  practice  are  quite  different.  There  is  no  doubt 
that  the  only  way  to  acquire  reliable  knowledge  is  by  extensive  observar 
tions  in  different  kinds  of  private  practice.  Nevertheless,  Blanc's  statis- 
tics seem  to  me  to  be  of  some  value  because  they  are  so  large,  because  in 
both  cases  the  clinical  material  is  uniform,  and  because  the  patients  were 
seen  by  the  same  physician. 

Angina  pectoris  is  a  symptom.  In  attempting  to  understand  its 
true  nature  one  is  naturally  led  to  inquire  whether  the  circumstances 
under  which  it  occurs  do  not  throw  some  light  on  the  problem.  Of  one 
thing  I  am  certain,  both  from  the  study  of  the  literature  and  from  my 
own  experience:  the  conditions  necessary  for  the  production  of  steno- 
cardia are  most  frequently  produced  by  changes  in  the  coronary  arteries. 
Our  interest  naturally  centers  in  arteriosclerosis,  as  most  attacks  of  angina 
develop  in  its  train.  The  seat  and  extent  of  the  vascular  disease  vary 
much  in  different  cases;  sometimes  only  a  few  branches  of  the  second  and 
third  order  are  affected.  Other  cases  exhibit  disease  of  the  main  trunks, 
or  the  arteriosclerosis  is  confined  to  the  points  of  origin,  that  is,  the  first 
part  of  the  aorta. 

The  fact  that  aneurysm  of  the  aorta  and  disease  of  the  semilunar 
valves  are  frequently  associated  with  stenocardia  harmonizes  perfectly 
with  this  theory,  for  we  know  that  these  conditions  are  frequently  pro- 
duced by  arteriosclerosis.  Whether  endocarditic  insufficiency  and  sten- 
osis of  the  aortic  valves  ever  become  the  cause  of  anginoid  conditions, 
and  if  so,  whether  they  are  as  frequent  a  cause  as  arteriosclerosis,  I  have 
been  imable  to  gather  from  the  literature,  and  my  own  experience  does 
not  enable  me  to  decide  the  point. 

Psychic  excitement,  especially  long-continued  worry  and  exhausting 

from 
Wunderlich,  "Pathologic  und  Therapie,"  vol.'iii,  i,  p.  54.  'I  was  unable  to  pro- 
cure the  original. 
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care,  is  not  only  a  possible  cause  of  an  individual  attack,  but  unquestion- 
ably also  produces  a  predisposition  to  the  occurrence  of  attacks.  This 
also  harmonizes  with  what  has  been  said  above,  for  again  arteriosclerosis 
represents  the  intermediary  agent.  Mental  distress  undoubtedly  favors 
the  development  of  sclerosis  of  the  coronary  arteries. 

The  relation  of  syphilis  to  angina  pectoris  can  also  be  explained  through 
the  medium  of  arteriosclerosis.  During  the  secondary  stage  stenocardia 
is  rarely  observed,  and  when  it  does  occur,  alwa3r8  develops  on  a  neurotic 
soil.  The  severe  form  of  angina  pectoris  which  is  produced  by  syphilis 
and  yields  to  antisyphilitic  treatment  is  due  to  syphilitic  aortitis  or  coron- 
ary arteritis*  (see  Syphilis  of  the  Heart). 

The  various  diseases  in  the  course  of  which  attacks  of  angina  are 
occasionally  observed,  such  as  gout,  diabetes  mellitus,  tabes  dorsalis, 
and  lead-poisoning,  all  favor  the  development  of  arteriosclerosis,  and  I 
cannot  see  what  valid  objection  can  be  brought  against  Huchard's  com- 
prehensive view  that  the  occurrence  of  stenocardia  in  these  diseases  is 
due  to  arteriosclerosis. 

Finally,  the  occurrence  of  stenocardia  in  thrombosis  or  embolism  of 
the  coronary  vessels  is  perfectly  compatible  with  the  etiologic  significance 
of  coronary  sclerosis,  since  these  forms  of  occlusion  are  practically  always 
associated  with  that  condition. 

In  earlier  works,  especially  those  of  the  great  English  physicians, 
fatty  disease  of  the  heart  occupies  a  prominent  place  as  the  basis  for  the 
development  of  stenocardia.  Nor  does  this  view  militate  against  this 
theory  of  ours  in  regard  to  the  importance  of  arteriosclerosis;  for  many, 
at  least  of  the  English  observations,  would  now,  as  will  be  shown  later, 
be  included  in  the  section  on  Coronary  Sclerosis. 

Finally,  angina  has  been  observed  in  very  rare  cases  as  an  accompani- 
ment of  chronic  and  acute  myocarditis  following  infectious  diseases. 
Such  cases  as  these  require  minute  observation  of  their  every  detail, 
especially  for  the  purpose  of  determining  whether  arteritic  processes, 
such  as  are  often  observed  after  the  same  causes,  are  present  in  these  rare 
cases  also.  One  of  the  things  that  should,  in  my  opinion,  be  done  in  the 
near  future,  is  to  obtain  accurate  clinical  histories  and  postmortem  reports 
of  a  large  nmnber  of  persons  suffering  from  angina  pectoris.  A  problem 
of  this  kind  can  only  be  solved  by  the  cooperation  of  practitioner  and 
pathologist,  and  such  cooperation  is  absolutely  indispensable;  for  it 
must  decide  whether  severe,  life-threatening  stenocardia  can  exist  without 
arterial  changes.  With  the  material  available  at  the  present  time  I 
would  not  venture  to  answer  this  question,  for  many  of  the  older  obser- 
vations are  useless  because  but  few  are  confirmed  by  postmortem  reports. 

Whatever  else  may  be  true,  sclerosis  at  the  root  of  the  aorta  and  in 
the  coronary  arteries  is  imquestionably  the  chief  factor  in  the  problem. 
But  how  does  arteriosclerosis  produce  this  effect?  It  is  evident  that 
some  special  factor  must  also  be  present  when  one  remembers  the  extra- 
ordinary frequency  of  coronary  sclerosis  and  the  comparative  rarity  of 
well-marked  cases  of  stenocardia.  Here  I  must  interpolate  a  remark, 
not  to  say  an  objection.  Well-marked  cases  of  stenocardia  unquestion- 
ably are  rare;  but  it  is  equally  certain  that  the  above-described  conditions 
of  heart  pain,  heart  fear,  and  oppression  in  varying  degrees  of  severity 
are  very  frequently  observed  in  arteriosclerotic  subjects.  It  is  purely 
a  matter  of  taste  where  the  line  of  distinction  from  true  angina  is  drawn 

*  Huchard,  p.  397. 


CARDIAC  FEAR,  CARDIAC  PAIN,  ANGINA  PECTORIS.         639 

or  whether  theae  conditions  and  true  angina  pectoris  fire  included  in  the 
same  category.  For  if  the  latter  view  is  adopted,  the  question  at  once  as- 
sumes a  different  asp^ect.  Peculiar  subjective  disturbances  are  frequently 
observed  in  association  with  coronary  sclerosis,  and  in  rare  cases  these 
disturbances  present  the  picture  of  a  severe  stenocardia.  The  question 
is:  in  what  class  of  cases  does  this  occur?  What  is  the  nature  of  the 
anatomic  process  that  lies  at  the  bottom  of  it?  Certainly  not  sclerosis 
of  the  coronary  arteries  alone.*  French  investigators  and  Curschmann 
have  called  attention  to  the  significance  of  mere  stenosis  of  the  large 
arteries,  either  at  the  orifice  of  the  vessel  or  along  its  course,  and  this 
seems  to  me  an  important  point.  They  observed  angina  pectoris  of  the 
severest  type  in  cases  of  stenosis  limited  to  the  be^nning  of  the  large 
vessels  and  without  extensive  disease  involving  a  numter  of  arterial 
branches.  I  myself  have  frequently  seen  the  same  thing  (see  the  section 
on  Arteriosclerosis).  Evidently  this  means  that  whenever  the  blood- 
supply  of  a  portion  of  the  heart  is  diminished  or  abolished,  the  essential 
conditions  for  the  occurrence  of  stenocardia  are  created.  A  final  factor 
is  the  disproportion  existing  between  what  the  heart  needs  and  what  it 
gets,  which  is  borne  out  by  the  well-known  fact  that  severe  attacks  of 
angina  preferably  follow  certain  definite  causes,  such  as  muscular  move- 
ments, coitus,  and  the  like. 

While  stenosis  of  the  arteries  is  a  most  important  etiologic  factor, 
it  cannot  be  regarded  as  the  only,  nor  even  as  the  predominant,  cause 
of  the  origin  of  the  attack.  On  the  contrary,  stenocardia  has  also  been 
observed  in  cases  of  occlusion  of  branches  of  the  second  and  third  order.f 
But  this  point  unquestionably  requires  still  further  investigation,  and, 
above  all,  it  ought  to  be  determined  to  what  extent  occlusion  may  take 
place  without  leading  to  stenocardia.  There  is  a  wide  field  before  us, 
but  the  question  will  not  prove  an  easy  one  to  decide,  because  coronary 
embolism  is  not  infrequently  followed  by  sudden  death,  and  the  observer 
cannot  learn  in  such  cases  whether  anginoid  symptoms  were  present; 
hence  the  investigation  would  have  to  include  only  those  cases  in  which 
stenocardiac  attacks  were  positively  known  to  have  occurred. 

In  my  opinion,  we  are  not  justified  in  saying  more  than  that  the  con- 
<iitions  for  the  occurrence  of  stenocardia  in  heart  disease  are  probably 
brought  about  by  the  sudden  development  of  a  disproportion  between 
what  the  heart  needs  and  what  it  gets. 

This  disproportion,  in  many  cases,  leads  to  insufficiency  of  the  heart 
muscle  as  well  as  to  stenocardia.  It  is  possible  that  the  insufficiency  is 
sometimes  dependent  on  the  anginoid  condition,  but  in  general  Vierordt's 
view  J  that  cardiac  weakness  and  stenocardia  are  the  effects  of  a  common 
cause  is  probably  correct.  On  the  other  hand,  it  would  be  absolutely 
wrong  to  regard  the  insufficiency  as  the  cause  of  the  angina,  and  any  theory 
based  on  such  an  assimiption  should  be  finally  discarded.  It  has  already 
been  stated  that  excellent  observers  have  seen  stenocardia  associated 
with  good  heart  action;  and  severe  cardiac  insufficiency,  in  contradis- 
tinction to  cardiac  asthma,  is  very  rarely  a  precursor  of  stenocardiac 
attacks.  But  if  we  separate  angina  and  cardiac  weakness,  I  cannot  see 
how  the  experiments  of  ligating  the  cardiac  vessels,  which  have  been  per- 

*  This  was  distinctly  stated  even  by  the  older  physicians,  as,  for  example,  Testa- 
Sprengel,  ''Die  Krankheiten  des  Herzens,"  p.  328. 

t  See,  for  example,  Curschmann,  "Congress  fUr  innere  Medicin,"  1891,  p.  275. 
t  See  his  excellent  report,  "Congress  fUr  innere  Medicin,"  1891. 


540  DISEASES  OF  THE  MYOCARDIUM, 

formed  on  animali^,  can  help  to  clear  up  the  nature  of  stenocardia,  as  is 
so  frequently  mentioned;  although,  of  course,  their  importance  for  the 
solution  of  other  questions  is  not  to  be  denied.  In  my  opinion,  these 
experiments  have  nothing  whatever  to  do  with  the  question  of  stenocardia. 
Will  any  one  believe  that  attacks  of  angina  have  been  produced  by  these 
experiments?  What  they  produced  was  cardiac  weakness,  and  it  is  posi- 
tively known  that  the  nature  of  anginoid  attacks  is  quite  independent 
of  that  condition. 

How  are  we  to  imagine  that  the  terrible  sensations  of  pain  and  fear 
are  produced  in  the  heart?  They  are  brought  about,  of  course,  by  the 
nervous  system,  which  may  suffer  either  directly  or  through  the  muscle. 
The  question  might,  perhaps,  be  asked  whether  the  point  of  attack  is 
actually  situated  in  that  portion  of  the  nervous  system  contained  within 
the  heart.  Heberden,  the  first  observer  of  angina  pectoris,  did  not  regard 
it  as  a  symptom  of  a  disease  of  the  heart,  [though  he  thought  it  spasmodic 
rather  than  inflanmiatory — Ed.],  and  even  since  its  connection  with 
anomalies  of  the  heart  began  to  be  appreciated,  repeated  attempts  have 
been  made  to  locate  the  disease  focus  in  every  conceivable  portion  of  the 
nervous  system.  But  I  believe  that  its  primary  seat  in  the  heart  is  now 
established  beyond  the  possibility  of  a  doubt.  The  patient  refers  the 
abnormal  sensation  to  the  heart;  in  true  angina  the  heart  exhibits  changes, 
and  the  attack  is  accompanied  by  functional  disturbance.  It  would  be 
like  splitting  hairs  to  deny  the  existence  of  a  connection  between  the  attack 
and  the  heart  in  favor  of  some  remote  and  altogether  unfounded  localiza- 
tion. 

But  how  shall  we  imagine  the  nature  of  the  process  in  the  heart?  As 
we  have  seen,  the  important  cause  is  a  sudden  lack  of  blood  in  some  por- 
tion of  the  heart.  If  this  theory  is  accepted,  the  analogy  to  similar  pro- 
cesses in  the  voluntary  muscles,  pointed  out  by  Potain,  G.  S^,  and  A. 
Fraenkel,  appears  quite  accurate.  They  refer  to  the  phenomena  of  so- 
called  intermittent  claudication,  a  condition  which  has  long  been  known 
in  animals  and  which  was  described  by  Charcot  [1856]  in  the  case  of  man. 
Erb  has  pointed  out,  in  his  excellent  recent  work  on  the  subject,  that 
this  condition  also  rests  on  an  arteriosclerotic  base;  the  narrowing  of  the 
vessels  supplying  voluntaiy  muscles  causes  no  symptoms  during  rest, 
but  produces  violent  pain  and  paralysis  as  soon  as  the  action  of  the  muscle 
is  increased  and  a  greater  quantity  of  blood  is,  therefore,  required.  [Space 
does  not  permit  more  than  a  reference  to  the  valuable  discussion  by 
Ortner,  "Zur  Klinik  der  Angiosklerose  der  Darmarterien  nebst  einem 
Beitrag  zur  Klinik  des  intermittirenden  Hinkens  und  des  Stokes-Adam'sche 
Symptomenkomplexes,"  "Volkmann's  Sammlung  klin.  Vortrage,"  No. 
347,  1903.— Ed.] 

What  goes  on  in  the  myocardium  itself?  The  violence  of  the  phe- 
nomenon, its  sudden  onset  and  equally  sudden  disappearance,  suggest  a 
spasm.  Indeed,  the  theories  of  heart-cramp  play  an  important  part  in 
the  explanation  of  stenocardia.  By  analogy  with  the  painful  cramps 
in  the  mus'cles  of  the  intestines  or  of  the  calf  of  the  \eg  and  the  resulting 
compression  of  nerve-fibers,  this  theory  would  render  the  occurrence  of 
the  frightful  pain  and  of  the  fear. quite  intelligible.  But  the  fact  that 
the  pulse  is  occasionally  good  and  strong  during  the  attacks,  and  that  it 
is  sometimes  accelerated,  is  a  strong  argument  against  the  assumption 
of  heart-cramp;  the  only  symptom  that  would  fit  this  theory  is  the  so- 
called  "fluttering  of  the  heart,"  which  is  not  by  any  means  present  in 
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every  case.  These  are  all  additional  reasons  why  more  accurate  state- 
ments in  r^ard  to  the  behavior  of  apex-beat,  heart-sounds,  and  heart 
action  during  the  attack  would  be  so  desirable.  In  the  curious  case 
described  by  Heine  the  contractions  of  the  ventricles  were  apparently 
abolished  completely  for  a  period  which,  under  normal  conditions,  would 
correspond  to  from  four  to  six  cardiac  revolutions.  In  this  case  spasm 
may  have  been  present,  and  this  patient  had  anginoid  symptoms.  [John 
Hunter,  in  one  of  his  attacks,  coiild  feel  no  pulse  in  either  arm  for  forty- 
five  minutes.  In  one  of  Adams'  cases  of  angina  pectoris  with  Stokes- 
Adams  symptoms,  the  pulse  could  not  be  felt  in  any  artery  of  the  body 
in  the  last  six  weeks  of  life. — Ed.]  The  theory  of  inflammation  of  the 
cardiac  nerves  advanced  by  certain  French  authors*  shall  be  mentioned 
only  to  be  dismissed,  for  I  consider  it  as  unfoundedf  as  it  is  improbable. 

In  discussing  the  pathogenesis  of  stenocardia  it  must  always  be  borne 
in  mind  that,  although  in  heart  patients  changes  in  the  coronary  arteries 
create  the  conditions  necessary  for  the  production  of  an  attack,  the  latter 
are  by  no  means  always  associated  with  anomalies  of  the  vessels.  Epi- 
leptic attacks  occur  with  a  number  of  anatomic  changes  in  the  brain; 
they  are  found  as  the  result  of  some  forms  of  poisoning,  in  nervous  women, 
and  as  the  expression  of  epilepsy,  a  disease  as  curious  as  it  is  obscure. 
The  same  is  true  of  stenocardiac  conditions;  they  also  develop  in  other 
conditions  besides  heart  disease  (in  the  latter  case  chiefly  on  a  foundation 
of  sclerosis  of  the  coronary  arteries),  in  cases  of  poisoning  and  of  general 
nervousness.  In  other  words,  the  excitation  which  produces  an  attack 
of  stenocardia  may  begin  in  certain  nerves  of  the  heart  in  a  variety  of 
ways,  of  which  one,  and  the  most  important,  is  a  sudden  stoppage  of  the 
blood-supply  from  disease  of  the  vessels.  This  fact  must  be  rigorously 
kept  in  mind  in  a  theoretic  discussion.  In  these  other  cases  the  stenocardia 
is,  therefore,  not  a  symptom  of  heart  disease,  but  of  some  other  condition, 
which  sometimes  lends  to  it  a  peculiar  character. 

Toxk  angina  pectoris  occurs  after  the  immoderate  use  of  tobaccOy  espe- 
cially after  excessive  smoking  of  imported  cigars  and  cigarettes,  a  habit 
that  is  considerably  more  common  in  France,  Russia,  and  Hungary  than 
it  is  in  Germany.  But  taking  snufl  and  chewing  tobacco  to  excei^  also 
seems  to  be  harmful  at  times. 

In  association  with  other  symptoms  of  tobacco-poisoning  we  some- 
times observe  attacks  which  absolutely  resemble  those  that  have  just 
been  described  and  which  are  sometimes  due  to  the  same  exciting  causes; 
for  nicotinism  favors  the  development  of  arteriosclerosis  because  men 
who  smoke  to  excess,  as  a  rule,  are  in  the  habit  of  indulging  in  other 
habits  that  tend  to  produce  the  same  pathologic  condition. 

Tobacco  poisoning,  however,  is  capable  of  causing  stenocardia  directly, 
without  the  intervention  of  arteriosclerosis.  How,  I  will  not  venture 
to  say;  for  I  cannot  agree  with  Huchard  that  what  we  at  present  know 
of  the  pharmacology  of  tobacco  holds  out  certain  possibilities  in  this 
respect.  But  it  is  a  well-known  fact  that  after  smoking  has  been  given 
up,  this  form  of  stenocardia  may  disappear  either  at  once  or  after  a  few 
months,  never  to  appear  again. 

The  attacks  due  to  mere  intoxication  do  not,  as  a  rule,  exhibit  the 

*Z.  B.  Lancereauxy  "Bullet,  de  racad^mie,"  vol.  xxxii,  No.  29.  Greece, 
"Set^imana  medic,"  1896,  No.  1,  2, 

tH^rard  ("Bullet,  de  Tacadtoie  de  m^.,"  1883,  No.  52)  examined  a  heart 
after  angina  pectoris  and  found  nothing  abnormal  in  the  cardiac  plexus. 
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most  severe  type;  pain  and  fear  do  not  attain  the  same  severity.  On 
the  other  hand,  the  attacks  are  frequently  much  protracted  and  occasion- 
ally last  several  hours.  Often  they  are  accompanied  by  vasomotor  dis- 
turbances and  other  s3nniptoms  of  tobacco-poisoning:  headache,  vertigo, 
general  lassitude,  and  gastric  disturbances.  As  a  rule,  the  heart  action 
is  extremely  irregular  and  unequal,  accelerated  or  retarded,  and  the 
attack  generally  comes  on  spontaneously,  much  more  rarely  after  severe 
muscular  exertion. 

It  is  evident,  therefore,  that  tobacco-poisoning  is  a  possible  cause  of 
angina  pectoris.  In  many  cases,  by  carefully  considering  all  the  features 
of  the  case,  the  attack  may  be  suspected  to  be  due  to  nicotinism,  and  in 
such  a  case  a  very  definite  opinion  can  be  expressed  in  regard  to  prognosis 
and  treatment.  If  the  patient  will  rigidly  abstain  from  all  use  of  tobacco, 
an  absolutely  favorable  prognosis  can  be  given. 

In  stenocardia  dice  to  disease  of  the  gastrointestinal  tanal  it  is  not  defi- 
nitely known  how  much  must  be  attributed  to  the  toxic  influence  and  how 
much  to  reflex  causes.  That  the  s3anptoms  of  angina  pectoris  may  be 
due  to  purely  nervous  forms  of  excitement  is  proved  by  the  behavior  of 
neurasthenic  and  hysteric  individuals.  Either  spontaneously  or  under 
the  influence  of  psychic  excitement  these  patients  develop  conditions 
which  very  closely  resemble  the  above-described  attacks,  from  which, 
however,  they  can  frequently  be  differentiated  by  certain  characteristic 
features.  This  phase  of  the  question  will  not  be  discussed  here  because 
it  will  have  to  be  brought  up  again  in  the  discussion  of  so-called  nervous 
disturbances  of  the  heart. 

The  attacks  of  vasomotor  angina  pectoris  first  described  by  Noth- 
nagel,*  and  later  by  other  observers,  represent  border-line  cases.  In 
these  cases  the  attack  is  ushered  in  by  partial  or  general  spasms  of  the 
cutaneous  arteries.  It  is  possible  that  there  may  be  a  simultaneous  in- 
crease in  the  demand  made  on  the  heart,  but  in  my  opinion  this  should  not 
be  assumed  imless  it  is  proved  by  an  increase  in  the  arterial  tension.  For 
blood-pressure  is  determined  by  the  splanchnic,  rather  than  by  the 
cutaneous,  vessels,  if  we  may  be  allowed  to  apply  the  experience  gained 
in  animals  to  the  case  of  man,  which  we  have  a  certain  right  to  do  in  this 
question  especially.  The  cutaneous  phenomena  are  followed  by  the 
attack  of  stenocardia,  and  in  some  of  the  cases  the  attack  strongly  sug- 
gests a  severe  form  of  true  angina  pectoris.  It  is  a  well-known  fact  that 
spasmodic  fluctuations  in  the  diameter  of  the  blood-vessels  occur  with 
special  frequency  in  arteriosclerotic  subjects,  as  Wagenmann  observed 
in  the  arteries  of  the  eyegroimd.t 

In  other  cases,  however,  anginoid  conditions  accompanied  by  vascular 
phenomena  are  probably  of  the  same  character  as  nervous  attacks,  which, 
as  we  know,  are  frequently  characterized  by  a  combination  of  cardiac 
and  vascular  symptoms  (see  section  on  Nervous  Disturbances  of  the 
Heart).  But  it  must  be  carefully  borne  in  mind  that  the  boundaries 
can  never  be  sharply  drawn.  Severe  forms  of  angina  pectoris  may  de- 
velop in  neurotic  individuals,  and  it  is  not  always  possible  to  be  absolutely 
certain  that  they  are  of  a  purely  nervous  character  and,  therefore,  harm- 
lesB.X 

*  Nothnagel,  "Archiv  fOr  klinische  Medicin,"  vol.  iii,  p.  309. 
t  Wagenmann,  "v.  Graefe's  Archiv,"  vol.  xliv,  p.  219. 

t  Compare  the  curious  reports  by  Morel-La  valine,  ''Revue  de  m^decine/'  1899, 
p.  753. 
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Theoretically,  we  must,  therefore,  say  that  the  peculiar  conditions 
within  the  heart  which  are  the  cause  of  angina  pectoris  may  be  started 
by  sudden  local  anemia  or  by  intoxication  with  nicotin  and  possibly  some 
other  poisons,  but  may  also  be  due  to  nervous  irritation  localized  in  the 
brain  or  in  peripheral  portions  of  the  pnemmogastric  nerve. 

Diagnosis. — ^The  diagnostic  determination  of  the  sensory  heart  anom- 
alies will  first  attempt  to  arrange  them  according  to  the  usual  classification. 
While  in  a  purely  pathologic  sense  angina  pectoris  develops  gradually 
from  other  symptoms,  without  a  sharp  line  of  separation,  it  is  worth 
while,  from  the  standpoint  of  diagnosis,  to  adhere  to  a  de&iite  scheme; 
for  our  ultimate  purpose  is  to  find  out  what  process  lies  at  the  bottom  of 
any  one  sensory  symptom.  First  of  all,  let  it  be  remembered  that  angi- 
noid  conditions  are  chiefly,  although  not  by  any  means  exclusively,  asso- 
ciated with  sclerosis  of  the  coronary  arteries.  Severe  attacks  of  steno- 
cardia also  develop  chiefly  on  a  basis  of  coronary  sclerosis;  in  fact,  the 
cardinal  question  to  be  answered  in  any  case  of  angina  pectoris  is  whether 
the  attack  is  the  expression  of  a  coronary  sclerosis,  because  therein  lies 
its  chief  danger.  In  order  to  recognize  this  primary  cause  the  observer 
must  bear  in  mind  not  only  what  has  been  described  as  constituting  the 
characteristic  features  of  severe  angina,  but  also  all  other  possible  indi- 
cations of  disease  of  the  coronary  arteries  (see  the  section  on  Arterio- 
sclerosis). 

If  coronary  angina  is  unlikely,  the  other  disturbances  of  the  cardiac 
action  which  are  capable  of  producing  stenocardia  must  be  thought  of, 
and,  finally,  if  the  latter  can  also  be  excluded,  tobacco-poisoning,  diseases 
of  the  gastrointestinal  canal,  and  the  various  forms  of  nervousness  must 
be  considered  as  possible  causes  of  the  angina.  The  diagnosis  depends 
partly  on  the  character  of  the  stenocardiac  phenomena,  partly  on  the 
history,  and  finally  on  the  results  of  a  minute  examination  of  the  entire 
organism.  I  would  advise  that  least  importance  be  attached  to  the 
particular  variety  of  angina  present. 

As  a  rule,  a  positive  diagnosis  is  possible.  It  is  sometimes  difiicult 
to  decide  in  patients  beyond  the  age  of  thirty-five  or  forty  whether  mild 
anginoid  conditions  are  purely  nervous  in  origin  or  indicate  a  beginning 
sclerosis  of  the  coronary  arteries.  I  am  very  much  inclined  to  agree 
with  Vierordt  on  this  point,  and  advise  the  greatest  caution  in  assuming 
that  the  angina  is  of  a  purely  nervous  form  under  such  circumstances. 
The  diagnosis  may  also  present  great  difficulties  in  case  a  patient  who  is 
known  to  have  arteriosclerosis  becomes  neurasthenic  or  hysteric.  In 
such  a  case  a  conclusion  can  be  arrived  at  only  after  long  observation 
and  with  only  a  certain  degree  of  probability.  In  every  case  the  possible 
existence  of  arteriosclerosis  must  be  borne  in  mind. 

Treatment. — It  is  needless  to  say  that  the  primary  cause  of  the  symp- 
tom must  be  treated  as  soon  as  possible,  and  to  the  full  extent  of  our 
therapeutic  powers.  The  rule,  therefore,  is:  first  make  the  correct  diag- 
nosis and  then  follow  out  the  principles  laid  down  in  the  individual  sec- 
tions. Vierordt's  advice,  always  to  think  of  a  possible  syphilitic  cause 
for  the  arterial  disease,  should  hie  emphasized.  And  I  may  add  the  urgent 
advice  always  to  administer  potassium  iodid  for  some  time  whenever 
arteriosclerosis  is  present.  The  French  clinicians,  especially  Huchard, 
speak  very  highly  of  the  remedy.  O.  Vierordt*  saw  very  good  results 
from  its  use,  and  my  personal  experience  has  been  that  anginoid  symp- 
*  Vierordt,  "Congress  ftlr  innere  Medicin,"  1897,  p.  277. 
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toms  in  persons  with  arteriosclerosis  are  frequently  very  much  improved 
by  a  systematic  course  of  potassium  iodid.  The  remainder  of  the  treat- 
ment of  arteriosclerosis  with  angina  is  reserved  for  the  section  on  Coronary 
Sclerosis. 

The  indications  afforded  by  tobacco-poisoning,  gastro-intestinal  affec- 
tions, and  general  nervousness  must,  of  course,  receive  due  attention, 
and  the  patients  must  be  made  to  avoid  whatever  they  have  themselves 
observed  favors  the  occurrence  of  an  attack. 

This  is  not  enough,  however.  The  attack  itself  is  so  terrible  that  it 
absolutely  demands  direct  treatment.  But  this  is  not  possible  in  every 
case;  for,  aside  from  the  attacks  which  end  in  sudden  death  before  the 
physician  has  been  able  to  do  anything,  many  of  the  frequently  recurring 
attacks  are  so  brief  that  therapeutic  interference  is  out  of  the  question. 
But  in  the  attacks  of  longer  duration  I  believe  the  administration  of  some 
remedy  to  mitigate  the  pain  and  fear  is,  generally  speaking,  absolutely 
indispensable,  if  not  in  all  cases,  at  least  whenever  simple  nervousness 
can  be  excluded  with  absolute  certainty  from  the  etiology.  Even  in 
the  purely  nervous  form  of  angina  morphin  cannot  always  be  dispensed 
with;  but  I  prefer  to  resers'^e  the  full  discussion  of  this  question  for  the 
section  on  the  Treatment  of  Nervous  Diseases  of  the  Heart. 

In  all  other  cases,  if  seen  before,  the  attack  is  over,  I  advise  injecting 
0.01  gm.  (J  gr.),  or,  if  that  proves  insufficient,  0.02  gm.  (^  gr.)  of 
morphin  under  the  skin  of  the  breast,  near  the  precordial  region.  In 
addition,  a  hot  foot-bath  at  45^  to  50^  C.  (113°  to  122°  F.)  may  be  ordered, 
or  a  large  mustard  poultice,  30  by  40  cm.,  applied  to  the  back  or  thighs. 
The  latter  probably  acts  not  only  as  a  "  derivative,"  but  also  as  a  stimulant 
to  the  heart  action  and,  therefore,  directly  combats  the  cardiac  weakness, 
as  we  are  justified  in  concluding  from  Grossmann's  important  observa- 
tions. The  cardiac  weakness  must  always  be  kept  in  mind;  nor  should 
treatment  be  deferred  until  it  is  well  marked,  for  the  possibility  of  its 
development  at  any  time  must  be  remembered.  O.  Vierordt's  advice, 
always  to  have  the  sedative  ready  in  one  hand  and  the  stimulant  in  the 
other,  seems  to  me  to  hit  the  nail  on  the  head.  A  rapid  effect  being 
called  for,  camphor  and  ether,  on  the  one  hand,  and  morphin,  on  the 
other,  are  the  most  useful  drugs,  because  they  can  be  given  by  subcuta- 
neous or  intramuscular  injection.  I  am  well  aware  that  some  eminent 
authorities  deprecate  the  use  of  morphin  up  to  a  certain  degree,  but  this 
caution  applies  only  to  large  doses.  The  harmlessness  of  moderate 
doses  of  morphin,  let  us  say  0.01  to  0.02  gm.  (J  to  i  gr.),  seems  to  me 
to  be  well  demonstrated,  especially  in  heart  patients,  and  I  am  firmly 
convinced  that  no  physician  can  dispense  with  morphin  in  any  protracted 
case  of  stenocardia. 

From  a  study  of  the  literature  I  have  gained  the  impression  that 
morphin  is,  as  a  matter  of  fact,  given  almost  universally,  and  the  warnings 
refer  only  to  excessive  doses.  Hence  we  shall  undoubtedly  continue 
to  use  this  wonderful  remedy.  I  recommend  it  for  the  purpose  of  allevi- 
ating the  frightful  pain;  although  I  may  remind  the  reader  that  French 
investigators,  as,  for  example,  Huchard,  in  agreement  with  older  physi- 
cians, attribute  to  morphin  the  property  of  relieving  the  strain  on  the 
heart.  If  for  practical  reasons  morphin  cannot  be  given  hypodermically, 
either  opium  or  morphin  may  be  given  internally. 

Additional  remedies  for  the  purpose  of  stimulating  the  action  of  the 
heart  are  black  coffee,  strong  wine,  and  cognac,  because  they  are  probably 
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oftener  at  hand  than  camphor  and  ether.  Spirit  [compound — Ed.]  of 
ether  is  also  a  satisfactory  remedy,  especially  for  patients  who  go  ablout 
and  wish  to  carry  a  stimulant  with  them. 

I  wish  to  add  a  few  words  in  regard  to  the  use  of  certain  substances 
which  have  been  advised  by  prominent  physicians,  especially  in  England 
and  France,  for  cases  of  stenocardia,  both  such  as  are  due  to  coronary 
sclerosis  and  other  forms.  I  refer  chiefly  to  amyl  nitrite,  sodium  nitrite, 
and  nitroglycerin.  One  or  two  drops  of  a  1  per  cent,  watery  solution  is 
the  dose  of  nitroglycerin;  0.1  to  0.3  gm.  (2  to  5  gr.)  of  the  sodium  nitrite, 
dissolved  in  water;  and  two  or  three  drops  of  amyl  nitrite,  by  inhalation. 
As  large  quantities  of  amyl  nitrite  are  not  altogether  free  from  danger, 
it  is  well  to  prescribe  the  required  dose  put  up  in  glass  capillary  tubes  or 
pearls.    The  glass  is  broken  in  the  handkerchief  and  the  contents  inhaled. 

There  are,  no  doubt,  some  individuals  in  whom  the  attack  of  steno- 
cardia can  be  mitigated,  avoided,  or  suppressed  by  means  of  these  prepara- 
tions, and  for  that  reason  they  should  be  cautiously  tried  in  cases  of  fre- 
quently occurring  attacks  that  have  proved  refractory  to  any  other  form 
of  treatment.  But  it  must  be  remembered  that  these  preparations  are 
not  free  from  danger  and  that,  in  many  cases,  they  absolutely  increase 
the  patient's  distress.  Special  caution  is  necessary  in  cases  of  coronary 
sclerosis  and  when  there  is  danger  of  heart  failure. 

These  therapeutic  measures  will,  I  believe,  be  found  to  suffice.  I  wish 
to  warn  the  physician  explicitly  against  anything  in  the  form  of  experi- 
mental therapeutics  in  this  dangerous  condition,  as  it  might  result  in  a 
great  deal  of  harm.  Thus,  for  example,  the  inhalation  of  chloroform  is 
to  be  condemned,  and  when  operations  are  necessary  in  anginoid  patients, 
the  advisability  of  performing  them  without  chloroform  must  be  seriously 
considered,  because  such  patients  bear  anesthesia  very  badly. 
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THE  SENSATION  OF  ABNORMAL  CARDLAC  ACTION.    PALPITATION. 

A  healthy  individual  is  unconscious  of  the  action  of  his  heart  so  long 
as  it  remains  within  certain  bounds,  probably  because  the  sensory  nerves 
are  fully  accustomed  to  certain  definite  contractions  of  the  organ.  This, 
at  least,  is  borne  out  by  analogous  conditions  in  other  tissues  and  by  the 
fact  that  when,  as  is  exceptionally  the  case,  the  heart  is  overfilled  and 
contracting  vigorously  and  at  short  intervals,  even  most  healthy  individ- 
uals are  conscious  of  its  action.  Under  such  circumstances  the  rhythm 
is  appreciated  and  one  experiences  the  sensation  of  palpitation,  which 
will  be  discussed  later. 

Whether  some  pathologic  alteration  of  the  heart  action  is  necessary 
to  bring  it  within  the  scope  of  the  patient's  consciousness,  and  if  so,  how 
profound  an  alteration  is  required,  are  questions  which  it  is  as  yet  impossi- 
ble for  us  to  decide.  Many  people,  perhaps  the  majority,  are  absolutely 
unaware  of  any  change  in  the  cardiac  rhythm,  whether  it  be  retardation, 
acceleration,  irregularity,  or  inequality.  On  the  other  hand,  cessation 
of  the  heart-beat  is  felt  as  such  by  not  a  few  persons,  and  the  sensation 
is  accompanied  by  a  certain  sense  of  oppression  and  anxiety.  It  might 
be  suggested  that  this  sensation  is  also  due  to  the  contraction  of  a  heart 
that  has  become  overfilled  during  a  long  pause;  but  this  is  hardly  correct, 
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for  the  sensation  is  completely  absent  in  other  cases  in  which  the  ventri- 
cles are  unquestionably  overfilled,  and,  on  the  other  hand,  there  are  indi- 
viduals in  whom  rapid  contractions  of  the  heart  at  short  intervals  and  in 
large  numbers  produce  a  peculiar  sensation  which  they  describe  as  a 
"fluttering"  of  the  heart. 

So  far  as  I  can  see,  the  only  possible  explanation  is  that  these  par- 
ticular sensations  are  produced  whenever  the  sensory  nerves  are  irritated 
in  some  peculiar  way  by  certain  peculiar  processes  in  the  heart  (probably 
special  forms  of  contraction),  the  nature  of  which  is  as  yet  unknown. 

The  sensations  due  to  the  consciousness  of  the  action  of  one's  own 
heart  may  be  combined  in  a  variety  of  ways  with  sensations  of  pain, 
anxiety,  and  palpitation.  As  a  matter  of  fact,  every  conceivable  com- 
bination of  sensations  occurs. 

The  difficulties  encountered  in  attempting  to  determine  the  nature  of 
palpitation  are  exactly  the  same  as  in  the  case  of  stenocardia,  that  is  to 
say,  it  is  purely  a  question  of  subjective  sensations;  palpitation  is  char- 
acterized solely  by  a  feeling  of  increased  cardiac  action.  The  sensation  may 
occur  alone  or  may  be  combined  with  other  feelings,  especially  anxiety 
and  oppression,  also  pain  or  the  sensation  of  cessation  of  the  heart-beat 
(intermittence).  I  must  refer  to  what  has  been  said  in  the  preceding 
section,  and  shall  confine  myself  to  what  applies  only  to  simple  palpitation. 

Some  people  do  not  know  the  feeling  of  palpitation,  and  in  such  cases  it 
may  be  difficult  to  find  out  from  the  patient's  statements  whether  he  has  it 
or  not.  Such  cases,  however,  are  extremely  rare.  As  a  rule,  the  patient 
can  give  a  very  acciu^te  description,  and,  besides,  most  healthy  persons 
have  already  experienced  the  feeling  in  moments  of  violent  bodily  exertion. 

The  results  of  an  objective  examination,  if  the  opportunity  to  observe 
the  patient  during  an  attack  of  palpitation  is  afiforded,  are  quite  variable. 

As  a  rule,  the  action  of  the  heart  is  altered.  It  may  be  increased  in  force, 
and  the  apex-beat  may  be  high  and  heaving.  In  other  cases  the  action 
is  more  or  less  accelerated  or  retarded;  not  infrequently  it  is  somewhat 
irregular.  Any  one  of  these  changes  in  the  rhythm  of  the  heart  may  be 
the  only  accompaniment  or  cause  of  the  palpitation.  On  the  other  hand, 
a  great  many  combinations  may  occur.  The  pulse  may  be  large  and  full 
or  small  and  soft,  depending  chiefly  on  the  frequency  of  the  cardiac  con- 
tractions, because  the  latter  determine  the  time  of  diastole  and,  therefore, 
the  degree  of  distention  of  the  ventricles.  The  second  sounds  at  the  base 
are  often  strikingly  accentuated.  The  first  sound  also  is  not  infrequently 
stronger  than  normal,  and  sometimes  has  even  a  ringing  character. 

These  are  not  infrequent  findings  in  cases  of  palpitation.  Under  such 
circumstances,  when  the  cardiac  contractions  are  vigorous,  and  especially 
when  the  cavities  are  well  filled,  a  sense  of  palpitation  is  experienced  by 
many  perfectly  healthy  individuals,  and  patients,  especially  those  with 
valvular  lesions,  are  very  apt  to  have  the  sensation  under  such  circum- 
stances. But  I  do  not  here  refer  to  that  class.  In  the  same  way  patients 
with  dilatation  and  hypertrophy  of  the  ventricles,  whatever  may  be  the 
cause,  suffer  from  the  same  s)rmptom,  especially  when  the  heart  is  trying 
to  respond  to  an  increased  demand.  Some  individuals  develop  the  symp- 
tom more  easily  than  others.  All  of  which  goes  to  show  that  something 
special  is  required  to  produce  this  form  of  palpitation.  It  occurs  not 
only  when  the  heart  is  contracting  vigorously;  for  the  conditions  for  its 
occurrences  are  vigorous  contraction  of  the  heart  at  the  limit  of  its  func- 
tional capacity.    At  this  point  the  ventricles  begin  to  dilate,  and  we  may, 
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therefore,  say  that  this  form  of  palpitation  is  produced  by  the  tumultuous 
contraction  of  a  dilated  heart,  and  that  the  phenomenon  is  a  danger- 
signal  to  the  individual-  For,  if  the  heart  should  continue  its  exertions, 
there  would  be  danger  of  so-called  overdistention  (see  p.  479).  We  may, 
therefore,  assume  that  palpitation  is  the  expression  of  sensory  irritation 
due  to  tension  in  the  w«Jls  of  the  ventricles. 

It  seems  to  me  that  this  view  is  in  accord  with  clinical  experience. 
It  is  by  no  means  true  that  every  case  of  cardiac  dilatation  is  associated 
with  palpitation,  and  we  also  know  that  dilatation  is  by  no  means  always 
associated  with  an  increase  in  the  tension  of  the  walls;  and,  finally,  the 
effect  of  habituation  on  the  sensory  nerves  of  the  heart  must  not  be  under- 
estimated. In  the  healthy  subject  palpitation  occurs  during  excessive 
muscular  exertion,  when  the  functional  capacity  of  the  organ  is  beginning 
to  be  exhausted;  and  as  this  point  is  reached  much  earlier  in  persons 
with  valvular  lesions  or  disease  of  the  myocardium,  and  the  time  of  its 
occurrence  varies  in  different  individuals,  we  can  readily  understand  why 
the  symptom  is  so  variable  in  its  appearance.  Sometimes  a  dilated 
heart  contracts  too  vigorously  even  during  rest,  and  in  such  a  case  the 
patient  is  never  without  the  sense  of  palpitation. 

This  form  of  palpitation  is  especially  frequent  in  the  subject  of  so- 
called  plethoric  obesity,  in  whom  it  is  often  induced  by  the  slightest 
muscular  movement  and  is  probably  due  to  the  rapid  entrance  of  large 
quantities  of  blood  into  the  right  auricle  in  a  heart  whose  function  is 
below  par.  The  symptom  is  also  observed  not  infrequently  in  anemic 
individuals. 

But  we  do  not,  by  any  means,  always  find  a  dilated  heart  when  we 
examine  patients  who  are  suffering  from  palpitation  at  the  time;  and  even 
when  dilatation  is  present,  the  distention  of  the  ventricle,  or  rather  the 
abnormal  tension  of  the  wall,  is  not  the  cause  of  the  palpitation.  Not 
infrequently  only  one  of  the  above-mentioned  alterations  in  the  action 
of  the  heart  is  present,  namely,  an  increase  in  the  force  of  the  contractions, 
either  without  disturbance  of  the  rhythm  or  with  retardation  or  accelera- 
tion of  the  rate.  Acceleration  alone  may  produce  the  feeling  of  palpita- 
tion, and  there  is  no  doubt  that  a  more  careful  anal3rsis  of  the  neart  action 
in  such  conditions  would  3rield  some  additional  information.  In  these 
cases  the  heart  is,  therefore,  of  normal  size  or  possibly  enlarged;  at  any 
rate — and  this  is  the  important  point — dilatation  is  not  specially  con- 
cerned in  the  pathogenesis  of  this  form  of  palpitation. 

Palpitation  of  this  character  occurs  ui  heart  patients,  especially  after 
acute  inflammations,  and  much  more  frequently  in  individuals,  suffering 
from  a  great  variety  of  nervous  disturbances,  chief  among  which  are  dis- 
turbances of  the  circulation.  This  condition  also  is  illustrated  in  health 
by  the  occurrence  of  palpitation  after  psychic  emotion,  such  as  shame, 
grief,  or  joy.  It  is  also  observed  after  the  ingestion  of  heart  poisons, 
tobacco,  tea,  coffee,  wine,  and  possibly  also  after  reflex  excitation,  espe- 
cially such  as  involves  the  sensory  branches  of  the  pneumogastrics,  that 
is  to  say,  ui  diseases  of  the  abdomen  and  of  the  lungs.  The  palpitation 
which  occurs  in  Basedow's  disease  probably  also  belongs  to  this  cat^ory. 

While  in  cases  of  dilatation  with  vigorous  systolic  contractions  the 
irritation  of  the  sensory  nerve  elements  is  readily  explained  by  the  tension 
of  the  heart-wall,  the  cause  of  this  irritation  in  the  second  variety  of  palpi- 
tation is  much  less  clear. 

It  is  probable  that  in  this  variety  also  the  sensory  fibers  are  irritated 
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by  some  abnormality  of  the  systole.  It  is  possible  that  any  disturbance 
of  the  cardiac  action  may  result  in  palpitation;  but  etiologically  the  most 
important,  undoubtedly,  is  increased  vigor  of  the  contractions,  not  dye  to 
an  increased  demand  on  the  organ,  but  to  a  morbid  irritation  of  the  heart 
itself.  The  violent  systolic  contractions  which  accompany  the  palpitar 
tion  can  often  be  recognized  at  once,  as,  for  example,  in  coffee-poisoning, 
in  arteriosclerosis,  and  after  psychic  excitement  in  nervous  individuals. 

In  some  cases  of  palpitation  in  nervous  individuals  F.  Miiller*  observed 
an  increase  in  the  rapidity  of  the  systole  over  the  normal.  This  is  an 
interesting  observation  and  needs  to  be  further  investigated.  It  seems 
to  me  to  explain  a  special  irritation  of  sensory  nerves,  although  this 
question  also  requires  further  elucidation  because  there  may  possibly 
be  an  interesting  relation  between  the  duration  of  systole  and  stimulation 
of  the  accelerators;  for  we  know,  from  investigations  pursued  in  Ludwig's 
Institute,  that  such  irritation  is  always  accompanied  by  shortening  of 
the  systole.  This  fact  is  probably  especially  important  in  paroxysmal 
tachycardia,  in  which  the  acceleration  of  the  heart  is  extreme. 

At  any  rate,  our  next  task  should  be  to  make  a  minute  examination 
of  the  differences  in  the  cardiac  cycle  in  the  etiologically  different  forms 
of  palpitation  belonging  to  this  group. 

But  in  many  cases  another  factor  undoubtedly  comes  into  play:  the 
abnormal  irritability  of  sensory  nerves,  possibly  of  the  chest-walls,  but  much 
more  probably  of  the  heart  itself.  We  know  absolutely  nothing  about 
this;  but  without  some  such  hypothesis  we  can  hardly  explain  the  condi- 
tion even  in  the  above-named  cases,  and  much  less  in  the  third  group  of 
patients.  For  there  are  undoubtedly  patients  with  palpitation  in  whom 
no  sign  whatever  of  any  change  in  the  action  of  the  heart  is  demonstra- 
ble, that  is  to  say,  heart  action,  apex-beat,  sounds,  pulse,  everything  is 
absolutely  normal,  but  the  patient,  nevertheless,  says  that  he  feels  palpi- 
tation. At  least  I  have  seen  this  frequently  in  nervous  and  anemic  girls. 
What  the  frequency  of  the  condition  in  general  is  has  not,  so  far  as  I  know, 
been  investigated.  Unfortunately  for  the  solution  of  such  questions  the 
palpitations  are,  as  a  rule,  only  paroxysmal,  and  it  is  by  no  means  al- 
ways possible  to  examine  the  patient  during  the  attack. 

Taking  it  altogether,  our  knowledge  of  palpitation  is  deplorably  slight 
as  soon  as  we  attempt  to  go  beyond  the  mere  enumeration  of  s3rmptoms 
in  association  with  which  it  occurs,  or  attempt  to  make  any  progress 
toward  an  understanding  of  the  conditions  involved.  The  above-men- 
tioned etiologic  factors  of  palpitation  afford  but  scanty  data,  and  it  is  as 
yet  impossible  to  formulate  a  definite  and  satisfactory  classification  of 
the  various  clinical  forms  of  palpitation,  partly  on  account  of  the  scarcity 
of  observations  and  partly  because  the  methods  of  determining  the  ac- 
tion of  the  heart  are  still  inadequate.  It  is  possible,  and  indeed  probable, 
that  many  of  the  clinical  forms  are  due  to  a  multiplicity  of  causes.  For 
example,  I  am  inclined  to  believe  that  in  sclerosis  of  the  coronary  arteries 
and  in  anemia  the  feeling  of  palpitation  may  be  due  to  a  great  variety 
of  causes. 

At  all  events,  the  problem  is  extremely  complicated,  not  only  on  ac- 
count of  the  confused  medley  of  sensory  and  motor  phenomena,  but  also 
because  the  latter  emanate  from  the  heart  muscle,  the  heart  ganglia, 
and  the  central  nervous  system.  The  latter  again  affects  the  heart  in 
*  F.  Mllller,  "Berliner  kMnische  Wochenschrift,"  1895,  No.  34. 
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a  variety  of  ways  through  a  number  of  different  nerves,  which  explains 
the  extensive  complications  that  interfere  with  the  study  of  the  move- 
ments of  the  heart,  complications  which  have  already  been  referred  to. 

Palpitation  is,  therefore,  purely  a  symptom,  and  what  little  we  know 
of  its  diagnosis  has  already  been  stated.  The  important  point  is  never 
to  rest  until  it  has  been  positively  determined  what  morbid  state  the  phe- 
nomenon is  dependent  upon.  Before  this  is  done,  diagnosis,  prognosis, 
and  definite  treatment  are  impossible. 

Palpitation,  as  we  have  seen,  is  not  infrequently  observed  in  hearts 
which  are  either  dilated  or  hypertrophied,  or  both.  The  question  whether 
palpitation  as  such  may  lead  to  dilatation  of  the  chambers  of  the  heart 
or  to  thickening  of  their  muscular  walls  has  a  great  theoretic  interest, 
for  reasons  explained  on  p.  490.  The  increased  amount  of  work  that  is 
•done  in  some  cases  of  palpitation  is  only  temporary,  and  if  the  entire 
■duration  is  compared  with  the  time  occupied  by  rest,  the  latter  will  be 
found  to  exceed  the  former  in  length,  at  least  in  the  majority  of  cases. 
The  question  is,  does  hypertrophy  develop?  It  is  a  question  of  practical 
importance,  for  in  the  individual  case  it  may  be  necessary  to  determine 
whether  enlargement  of  the  heart,  if  present  with  the  palpitation,  is 
solely  due  to  the  symptom  and,  therefore,  likely  to  disappear  as  improve- 
ment takes  place,  or  whether  the  feeling  of  palpitation  is  merely  a  symp- 
tom of  the  heart  disease  which  is  indicated  by  the  enlargement.  Passive 
dilatation  (from  stasis) — which  is  the  only  form  that  would  be  considered 
in  such  a  case — cannot,  in  my  opinion,  be  due  to  palpitation  as  such; 
and  if  the  palpitation  is  not  dependent  upon  the  passive  dilatation,  it 
must  be  assumed  that  both  conditions  are  due  to  a  third  factor,  which  has 
produced  cardiac  insufficiency. 

Whether  palpitation  alone  can  become  the  cause  of  hypertrophy  is 
a  very  difficult  question  to  decide  with  absolute  certainty,  because  positive 
proof  can  be  obtained  only  by  means  of  an  autopsy,  and,  for  obvious 
reasons,  the  opportunity  of  postmortem  examination  is  rarely  afforded 
in  simple  cases  of  palpitation  not  dependent  on  some  actual  disease  of 
the  heart.  Hypertrophy  of  the  ventricles  unquestionably  occurs  in 
Basedow's  disease  and  cannot  well  be  attributed  to  anything  but  the 
increase  in  the  frequency  and  strength  of  the  cardiac  action.  But,  so 
far  as  I  am  aware,  no  accurate  observations  have  been  made  to  determine 
how  often  in  these  cases  with  secondary  hypertrophy  the  alteration  of 
the  heart  action  is  permanent  instead  of  merely  temporary.  Potain 
reports  having  seen  hypertrophy  of  the  heart  after  neuritis  of  the  left 
brachial  plexus.  I  myself  have  seen,  in  cases  of  onanism,  phenomena 
which  seemed  to  justify  the  assumption  of  cardiac  hypertrophy.  It 
seems  to  me,  therefore,  that  in  many  cases  severe  palpitation  may  by 
itself  be  able  to  produce  thickening  of  the  cardiac  musculature,  although 
the  fact  has  never  been  definitely  proved. 

It  is  evident  that  there  can  be  no  question  of  prognosis  so  far  as  the 
palpitation  as  such  is  concerned,  as  it  depends  altogether  on  the  primary 
disease.  If  the  latter  persists  and  the  question  is  asked  what  prospects 
are  there  that  the  palpitation,  at  least,  will  cease,  the  only  answer  that 
can  be  given  is:  the  same  prospects  as  those  with  which  we  combat  the 
individual  attack  and  attempt  to  remove  its  causes  if  the  primary  trouble 
persists. 

The  treatment  of  palpitation,  therefore,  consists  principally  in  com- 
bating the  primary  disease  on  which  it  depends  and  the  causes  that  lead 
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to  an  individual  attack.  For  the  first  indication  we  must  refer  the  reader 
to  the  special  sections,  and  as  for  the  second,  I  have  only  a  few  remarks 
to  offer.  It  is  true  that  in  individual  cases  the  direct  cause  of  the  palpi- 
tation is  known.  If  some  psychic  emotion,  muscular  exercise,  or  the 
ingestion  of  some  special  substances  produces  palpitation,  these  causes 
must  be  avoided  as  much  as  possible  imtil  the  patient's  heart  and  general 
constitution  have  become  strong  enough  to  enable  him  to  withstand  these 
influences  without  any  injury. 

The  attack  itself  is  in  most  cases  best  combated  by  complete  bodily 
and  mental  rest;  quite  often  the  horizontal  position  may  be  necessary. 
But  there  may  be  exceptions  to  this  rule.  Many  cases  of  palpitation 
due  to  some  disturbance  of  the  digestive  or  nervous  system  are  improved 
by  exercise.  If  the  heart  action  is  increased  in  force,  rep)eated  cold  com- 
presses to  the  precordia  often  do  good;  while  retardation  of  the  heart, 
provided  the  action  is  vigorous,  is  not  a  contraindication  to  their  use. 
The  various  methods  of  *  derivation"  are  also  to  be  commended,  except 
that  I  would  not  employ  any  procedure  that  causes  vasomotor  or  cardiac 
excitement.  On  the  other  hand,  the  latter  are  indicated  whenever 
cardiac  weakness  lies  at  the  bottom  of  the  trouble.  The  remedies  to  be 
employed  in  such  cases  will  be  discussed  in  a  succeeding  section. 

[All  the  irregularities  of  heart  action  need  investigation  with  reference 
to  the  possibility  of  detecting  an  abnormality  in  one  of  the  cardinal  func- 
tions of  heart  muscle — automatic  stimulus  production,  conductivity, 
contractility,  and  irritabiUty,  or  by  the  exclusion  of  these,  to  trace  the 
irregularity  to  some  cause  outside  the  heart.  A  beginning  has  been  made, 
by  the  study  of  venous  and  arterial  pulse-tracings,  but  much  more  must 
be  done  both  by  physiologists  and  by  clinicians.  Besides  the  works  of 
Mackenzie  and  Wenckebach,  see  Cushny,  "The  Interpretation  of  Pulse- 
tracings,"  "Journal  of  Experimental  Medicine,"  vol.  iv.  Cushny  and 
Edmunds,  "Paroxysmal  Irregularity  of  the  Heart  and  Auricular  Fibrillar 
tion,"  "American  Journal  of  the  Medical  Sciences,"  January,  1907. 
Hirschfelder,  Arthur  D.,  "Observations  on  a  Case  of  Palpitation  of  the 
Heart,"  "Johns  Hopkins  Hospital  Bulletin,"  vol.  xvii.  No.  186,  p.  299, 
etc.— Ed.] 
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GENERAL  REMARKS  ON  THE  DIAGNOSIS  AND  ANALYSIS 
OF  DISEASES  OF  THE  HEART. 

In  a  case  of  heart  disease  the  diagnosis  is  complete  only  if  it  enables 
us  to  form  a  sufficiently  accurate  idea  of  the  functional  capacity  and 
structural  condition  of  the  heart  to  afiford  positive  indications  for  the 
kind  of  treatment  to  be  adopted  and  a  definite  idea  of  the  probable  course 
of  the  disease.  But  even  in  the  most  favorable  case  we  are  far,  indeed, 
from  being  able  to  attain  that  object;  only  an  approximately  correct 
judgment,  arrived  at  indirectly,  is  possible. 

For  the  present  the  physician  should  not  attempt  to  do  more  than 
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follow  the  classification  given  below.  In  classifying  a  given  case  he  must 
take  account  of  the  symptoms  the  patient  presents  and  which  are  ob- 
tained either  from  the  history  or  the  examination  of  the  heart,  the  blood- 
vessels, and  the  circulation  in  the  individud  organs.  I  fully  realize  the 
disadvantages  and  inadequacy  of  this  classification.  As  has  been  stated 
in  the  introduction,  it  is  the  result  of  a  compromise  between  different 
kinds  and  possibilities  of  classification.  Besides,  as  has  also  been  stated,' 
it  has  only  a  certain  very  limited  value  for  the  present  state  of  our  knowl- 
edge. But  for  the  present  we  cannot  do  without  it,  and  it  has  its  advan- 
tages because  the  mere  classification  of  a  condition  bajsed  on  clinical  ex- 
perience affords  certain  indications  for  both  diagnosis  and  treatment. 

Only  let  the  classification  of  an  individual  case  be  effected  with  due 
deliberation.  Even  a  few  days'  observation  often  suffices  to  bring  about 
a  material  change  in  one's  original  opinion.  A  special  caution  is  necessary 
when  the  cardiac  insufficiency  is  accompanied  by  alterations  in  the  blood 
distribution.  Valvular  lesions  due  to  endocarditis  must,  under  all  cir- 
cumstances and  in  every  individual  case,  be  taken  into  account.  Indeed, 
they  are  omitted  here  only  because  the  distribution  of  subjects  in  this 
work  renders  the  omission  unavoidable.  It  is  not  too  much  to  say  that 
the  conditions  with  which  we  are  dealing  do  not  enter  into  the  question 
of  diagnosis  imtil  after  a  valvular  lesion  and  endocarditis  have  been 
excluded.  Special  difficulties  are  encountered  in  the  differential  diagnosis 
between  endocarditic  mitral  insufficiency  and  symptomatic  mitral  insuffi- 
ciency in  chronic  diseases  of  the  heart  muscle  (compare  p.  454  'and  the 
section  on  Chronic  Myocarditis). 

In  every  attempt  to  classify  an  individual  case  it  must  be  remembered 
that  any  case  of  heart  disease  especially  may  have  a  multiple  cause. 
Hence  it  is  often  difficult  to  decide  what  particular  group  has  the  greatest 
claim  to  an  individual  case.  The  various  symptoms  due  to  muscular 
exertion,  obesity,  alcoholism,  as  well  as  those  due  to  myocarditis  and 
coronary  sclerosis,  have  a  great  many  points  in  common,  and  the  possi- 
bility of  combinations  must  always  be  borne  in  mind.  In  such  cases 
we  must  be  on  our  guard  against  pedantry  and  resist  the  temptation  to 
suppress  certain  facts  for  the  sake  of  preserving  the  unity  of  a  scheme, 
or  under  the  mistaken  impression  that  one  is  clearing  up  a  doubtful  point. 
Murder  will  out ! 

After  the  condition  in  a  given  case  has  been  classified,  the  stage  of 
the  disease  and  the  functional  capacity  of  the  organ  remain  to  be  deter- 
mined. This  determination  is  based  mainly  on  the  results  of  the  objective 
examination:  the  degree  of  passive  dilatation,  the  action  of  the  heart, 
and  the  S3nnptoms  of  disturbed  blood  distribution  are  the  most  important. 
After  that  a  few  special  points  in  the  history  must  receive  considera- 
tion, and  the  methods  of  examination  mentioned  on  page  456  resorted  to. 

The  first  thing  to  find  out  is  whether  the  fimctional  disturbances  of 
the  heart  are  merely  due  to  some  unfortunate  reaction — to  more  or  less 
violent  and  harmful  influences,  or  td  structural  anomalies.  If  the  former 
is  the  case  and  the  physician  has  it  in  his  power  to  protect  the  patient 
against  such  injurious  influences,  the  prospect  is  brightest.  The  methods 
of  determining  the  condition  of  the  heart  muscle  and  the  difficulty,  not 
to  say  impossibility,  of  arriving  at  a  definite  conclusion,  have  already 
been  presented  in  the  individual  sections. 

The  significance  of  structural  anomalies  of  the  muscle  depends  on  its 
cause,  the  mode  of  its  development,  and  the  patient's  circumstances. 
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This  subject  has  also  been  fully  treated  in  the  various  sections;  but 
here,  again,  the  experience  gained  at  the  bedside  must  be  our  sole  guide. 
Finally,  the  psychic  personality  of  the  patient,  his  bodily  condition  as  a 
whole,  his  occupation,  and  his  social  condition  enter  into  the  problem 
in  a  given  case,  and  it  is  often  an  exceedingly  difficult  and  complicated 
matter  to  arrive  at  a  conclusion.  The  entire  course  of  the  disease  may 
ultimately  depend  on  some  apparently  isolated  conditions.  This  is  as 
far  as  we  can  go  in  our  general  remarks;  for  in  the  final  analysis  all  de- 
pends on  a  full  knowledge  of  the  individual  case  and  of  the  patient's  en- 
vironment. 


GENERAL  PRINOPLES  TO  BE  OBSERVED  IN  THE 
TREATHENT  OF  HEART  PATIENTS. 

In  heart  disease,  as  in  other  pathologic  conditions,  it  is  most  imwise 
to  lay  down  dogmatic  rules  in  regard  to  treatment,  and  it  is,  therefore, 
exceedingly  difficult  to  discuss  general  principles.  We  may,  however, 
venture  to  describe  in  a  general  way  to  what  ends  our  treatment  should 
be  directed. 

One  of  the  first  questions  to  be  determined  before  treatment  can  be 
begun  is  whether  circulatory  disturbarxes  with  altered  blood  distribiUion  are 
preserU  or  not. 

If  they  are  present,  they  must  first  of  all  be  corrected.  The  means  at 
our  disposal  are  either  rest  and  the  drugs  of  the  digitalis  group,  or  exer- 
cising the  heart  by  means  of  baths  and  bodily  exercise,  if  necessary  assisted 
by  modifying  the  state  of  nutrition  and  the  percentage  of  water  in  the 
body.  In  discussing  the  various  methods  it  was  shown  how  the  indicar 
tions  for  the  individual  case  are  obtained. 

If  circulatory  disturbances  in  the  sense  just  described  are  not  present, 
our  object  must  be  to  prevent  or  postpone  their  occurrence.  This  is 
accomplished  chiefly  by  regulating  the  patient's  entire  mode  of  life  in 
the  widest  sense  of  the  term,  and  much  can  usually  be  accomplished  by 
giving  definite  instructions  in  this  respect. 

Of  course,  these  instructions  also  play  a  very  important  part  when 
circulatory  disturbances  have  already  made  their  appearance. 

All  therapeutic  directions  must  be  adapted  in  every  respect  to  the 
patient's  individual  circumstances,  and  must  take  in  every  detail  of  his 
mode  of  life.  A  good  physician,  after  carefully  diagnosing  the  disease 
in  a  given  case,  adopts  a  line  of  action  appropriate  to  the  patient's  cir- 
cumstances and  personality.  To  do  so  the  entire  body  and  all  its  various 
functions  must,  of  course,  be  taken  into  consideration.  Heart  disease, 
as  has  been  shown,  involves  a  great  many  different  organs.  In  reality 
the  number  of  possible  and  actually  occurring  cases  in  which  cardiac 
disturbances  are  associated  with  disturbances  in  other  organs  is  even 
greater  than  has  been  indicated  above  because  only  such  morbid  processes 
as  are  directly  related  to  heart  disease  were  described.  Many  more  occur 
in  disease,  as  the  nimiber  of  accidental  and,  therefore,  possible  combinar 
tions  is  unlimited.  In  other  words,  in  order  to  treat  one  system  in  the 
body  the  physician  must  know  and  have  thoroughly  mastered  the  prin- 
ciples imderlying  the  treatment  of  all  the  others,  and  must  constantly 
apply  these  principles.  As  any  complication  in  any  one  of  the  organs 
may  profoundly  influence  the  treatment  of  the  heart  disturbance  itself. 


554  DISEASES  OF  THE  MYOCARDIUM. 

the  physician,  in  order  to  meet  any  emergency,  must  have  the  most 
varied  knowledge  at  his  disposal. 

Such,  I  have  no  doubt,  are  the  principles  that  have  always  determined  the 
conduct  of  every  good  physician  in  every  period  of  history.  We  are  now  told 
that  therapeutics  as  a  science  was  really  invented  during  the  past  decad,  and  proudly 
refer  to  ours  as  the  therapeutic  era.  It  is  quite  true  that  the  question  of 
treatment  was  formerly  somewhat  neglected,  and  that  too  little  was  said 
about  its  details  in  medical  lectures,  but  at  the  same  time  we  must  be  verv 
careful  not  to  overestimate  our  therapeutic  achievements  and,  above  all,  not  to  seek 
salvation  in  reiterated  description  ot  therapeutic  directions  in  their  most  minute 
details.  As  I  have  ah-eady  remarked,  the  physician  must  give  his  patients  such 
detailed  directions  in  every  case.  He  deduces  them  from  his  knowledge  of  general 
principles  and  adapts  them  to  the  patient's  individual  circumstances.  Precisely 
the  same  course  should  be  pursued  in  clinical  instruction;  but  such  therapeutic 
directions  can  never  be  profitably  discussed  in  print.  A  text-book,  in  my  opinion, 
should  contain  merely  the  leading  principles  and  the  proper  methods  of  applying 
them.  Any  attempt  to  give  special  prescriptions  for  individual  cases  and  occur- 
rences at  tne  expense  of  a  thorough  discussion  of  principles  and  methods  is  sure 
to  render  the  book  commonplace.  The  author  and  his  personal  peculiarities  are 
apt  to  rise  into  undue  prominence;  the  dazzling  diet-lists  appear  diagrammatic 
and  exhibit  a  monotonous  similarity  in  the  most  various  diseases,  or  they  are  adapted 
only  to  a  certain  class  of  patients — very  often  only  to  wealthy  people. 
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REST  AND  EXERCISE* 

The  first  and  most  important,  and  by  far  the  most  difficult,  question 
is,  how  shall  we  regulate  a  heart  patient's  complete  mode  of  life?  Is  he  to 
stay  in  bed  or  may  he  sit  up?  Is  he  to  rest  a  great  deal,  or  is  exercise 
desirable?  Shall  he  be  allowed  to  go  on  with  his  work,  or  does  his  condi- 
tion demand  that  he  should  give  it  up  and  rest?  In  deciding  these  ques- 
tions ordinary  human  considerations  are  frequently  of  vastly  more  im- 
portance than  the  medical  aspects  of  the  case.  In  my  opinion  it  is  the 
physician's  duty  not  to  give  his  instructions  according  to  rigid  principles, 
but  rather  to  enter  as  far  as  possible  into  the  patient's  personal  views. 

As  a  rule,  the  physician  will  have  to  adopt  the  principle  to  preserve  the  patient's 
life  as  long  as  possible  under  all  circumstances,  even  if  the  patient  has  to  make 
everything  else  subservient  to  the  necessity  of  giving  his  body  entire  rest.  But  on 
this  fundamental  point  the  patient  may  entertain  cJtogether  different  views,  and, 
in  my  opinion,  he  has  a  right  to  expect  his  physician  to  sympathize  with  him 
in  these  views.  So  long  as  men  are  not  all  weaklmgs,  some  will  sacrifice  health  to 
duty  and  subordinate  comfort  to  the  ambition  to  carry  out  some  great  thought, 
even  if  it  be  great  only  in  their  own  eyes.  Individuals  vary  greatly  in  the  value 
they  place  on  life,  ana  those  who  prefer  to  live  a  shorter  time  and  keep  at  work, 
even  if  they  must  be  ill,  rather  than  keep  their  sick  bodies  alive  in  idleness,  are  not 
necessarily  the  least  desirable  members  of  society.  It  may  be  objected  that  all  of 
this  is  no  concern  of  the  doctor's;  that  it  is  his  business  to  preserve  life,  and  a  patient 
who  strenuously  resists  his  determined  efforts  to  attain  that  end  must  do  so  on  his 
own  responsibility.  Such  is  not  my  opinion.  I  believe  that  in  some  cases  a  phy- 
sician ought  to  make  it  his  chief  object  to  keep  up  his  patient's  activity  and  not 
to  preserve  his  life. 

Under  what  circumstances  must  a  heart  patient  be  put  to  bedf  As  soon 
as  the  state  of  his  circulation  requires  the  most  absolute  rest  attainable. 
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The  amount  of  exercise  performed  by  a  person  in  bed  is  very  small,  and  the 
movements  are  never  active.  Heat  regulation  and  nutrition  are  relatively  much 
diminished,  and  the  demand  on  the  various  functions  of  the  circulation  correspond- 
ingly lessened.  In  bed  the  patient  may  assume  whatever  position  he  finds  most 
conuortable  and  no  special  instructions  on  that  point  are  required,  at  least  for  the 
present.  It  is  cpiite  true  that  sometimes,  in  the  most  severe  cases  of  heart  disease, 
rest  in  bed,  which  in  such  cases  is  so  desirable,  is  impracticable.  Sometimes  the 
dyspnea  is  so  great  that  the  poor  su£ferers  cannot  even  maintain  a  semirecumbent 
position  in  the  most  comfortaole  bed.  In  such  cases  they  must  be  warmly  dressed 
and  wrapped  up  and  provided  with  a  well-padded  arm-chair. 

If  the  patient  can  stay  in  bed,  it  must  be  snecially  prepared,  particularly  when 
there  is  dyspnea.  Heart  patients  cannot  lie  nat;  tne  return  now  of  the  venous 
blood  from  tne  cranium  probably  needs  the  assistance  of  gravity,  and  the  pressure 
of  the  trunk  must  not  bear  on  the  posterior  portions  of  the  ribs.  The  patients 
maintain  a  semirecumbent  position,  or  even  a  sitting  posture,  in  bed,  and  this  again 
calls  for  special  attention  to  that  part  of  the  sacrum  on  which  the  weight  of  the  body 
is  supported.  If  the  position  is  maintained  for  some  time,  the  only  way  to  prevent 
bed-sores  is  by  means  of  a  water-cushion.  Other  portions  of  the  body  that  are  in 
constant  contact  with  the  bed  may  also  develop  pressure  necrosis  on  account  of  the 
edema,  the  retarded  circulation,  and  the  resulting  interference  with  the  nutrition  of 
the  tissues.  The  preparation  of  the  bed  is,  therefore,  a  very  important  matter. 
If  a  water-cushion  is  not  to  be  had,  cotton,  soft  feathers,  or  pneumatic  rings  must  be 
used;  by  the  exercise  of  skill  and  experience  much  can  be  accomplished  with  these 
contrivances,  although  they  cannot  nval  the  water-cushion. 

If  this  were  an  up-to-date  work,  a  complete  description  of  the  shape  and  various 
kinds  of  water-cushions^  pillows,  and  arm-chairs,  with  a  few  illustrations,  would 
now  be  in  order.  (Nursing,  I  have  recently  learned,  has  now  become  a  '^  science. '^ 
At  the  risk  of  being  called  old-fashioned  I  shall  omit  such  detailed  directions.  The 
older  physicians  were  not  unsuccessful  in  looking  after  the  comfort  of  their  patients, 
and  we  of  this  generation  also  learned  how  it  is  to  be  done  from  our  clinical  teachers. 
I  gratefully  remember  £.  Wagner  and  H.  Curschmann  in  this  connection.  We  also 
ms^e  an  effort  to  instruct  our  assistants  and  students  in  the  technic  of  nursing. 
This  is  done  as  a  matter  of  course,  and  I  will  not  admit  that  our  clinicians  have  be^ 
in  the  habit  of  grossly  n^ecting  these  things  until  quite  recently. 

Absolute  rest  in  bed  is  imperative  in  cases  of  acute  or  chronic  and  severe 
cardiac  insufficiency,  at  least  during  the  beginning  of  an  attack,  and  until 
it  has  been  subjected  to  appropriate  treatment.  In  recent  cases  especially 
a  very  marked  improvement  not  infrequently  takes  place  as  soon  as  the 
patient  b^ins  to  rest  and  the  demands  on  the  heart  incident  to  every- 
day life  are  removed :  the  contractions  of  the  heart  become  more  vigorous 
and  more  regular,  the  blood-pressure  rises,  the  quantity  of  urine  increases, 
and  the  edema  disappears.  In  many  milder  cases  of  cardiac  insufficiency 
complete  recovery  can  be  obtained  merely  by  putting  the  patient  to  bed, 
a  fact  which  is  as  interesting  theoretically  as  it  is  important  practically. 

On  the  other  hand,  it  is  much  more  difficult  to  decide  what  d^ree 
of  rest  is  proper  when  a  certain  condition  of  cardiac  insufficiency  with 
abnormal  blood  distribution  has  become  permanent  or,  so  to  speak,  the 
rule.  In  such  cases  rest  in  bed  usually  does  no  good  and  methods  of 
treatment  which  stimulate  and  thereby  exercise  the  heart  must  be  resorted 
to  instead.  Quite  often  these  measures  also  fail,  and  in  deciding  the 
question  whether  rest  is  indicated  or  exercise  may  be  allowed,  only  the 
patient's  comfort  and  wishes  need  be  considered. 

Rest  in  bed  is  not  always  absolutely  necessary  when  bodily  rest  is 
indicated  for  a  time;  in  some  cases  the  patient  may  be  allowed  to  recline 
on  a  couch.  But  whenever  it  is  desired  to  get  the  full  benefit  of  the 
advantages  that  can  be  obtained  by  complete  rest,  the  old  rule  to  insist 
on  rest  in  bed  should  be  strictly  observed. 

It  is  hardly  necessary  to  mention  that  rest  in  bed  or  on  a  couch  does  not  mean 
that  the  patient  is  to  be  kept  confined  in  an  ill-ventilated  room.    General  thera- 
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peutic  principles  will  induce  ever^  physician  to  insist  on  ventilation  of  the  room 
and  on  the  patient  being  wheeled  into  the  garden  or  on  a  porch  when  the  weather 
permits. 

The  question  whether  complete  rest  in  bed  is  to  be  ordered  must  be 
decided  by  the  physician  in  the  case  of  patients  with  a  wrecked  nervous 
system  and  greatly  impaired  nutrition.  The  indications  for  rest  in  bed 
are  the  same  in  these  cases  as  in  nervous  patients  generally  if  the  patient 
is  to  be  protected  as  much  as  possible  against  excitement  and  restlessness, 
if  metabolism  is  to  be  restricted,  and  the  nutrition  improved;  in  other 
words,  the  indications  are  the  same  as  those  for  the  so-called  "rest  treat- 
ment" in  nervous  patients.  No  one  will  deny  that  the  "rest  treatment" 
has  been  greatly  overdone  recently;  but  for  all  that  the  method  is  ex- 
tremely useful  in  many  of  the  above-described  cases,  especially  for  the 
nervous  heart  symptoms. 

It  is  often  as  important  as  it  is  difficult,  in  a  case  in  which  rest  in  bed 
has  been  indicated  and  actually  carried  out,  to  know  when  the  time  has 
come  for  allowing  the  patient  to  get  up.  It  is  practically  impossible  to 
give  any  general  rule  except  not  to  let  the  patient  get  up  too  soon.  He 
^ould  be  treated  approximately  like  a  convalescent  from  a  severe  attack 
of  typhoid  fever.  ITie  question  is  one  that  must  be  decided  by  medical 
experience. 

At  first  the  patient  is  allowed  to  be  up  only  for  a  short  time,  and  as 
convalescence  progresses,  the  time  is  gradually  lengthened.  In  this  way 
he  is  gradually  allowed  to  return  to  his  customary  mode  of  life  and  later 
resume  his  work. 

If  rest  in  bed  is  not  necessary,  the  question  whether  the  patient  may 
cordinue  at  vxjrk  must  he  decided.  Some  of  the  general  principles  which 
decide  this  question  have  already  been  mentioned.  It  depends,  in  the 
first  place,  on  the  character  of  the  patient's  work.  It  is  often  a  question 
whether  the  individual's  occupation  need  only  be  interrupted  temporarily 
or  whether  an  entire  and  permanent  change  of  occupation  is  necessary. 
The  latter,  of  course,  implies  a  most  important  step,  and  a  conscientious 
physician  will  not  make  such  a  proposal  until  he  has  carefully  thought 
out  all  its  consequences;  but  by  offering  him  a  choice  of  occupation  he 
may  save  his  patient  from  great  misfortune.  For  there  are  cases  in  which 
one  can  almost  positively  predict  speedy  dissolution  unless  the  former 
joccupation  is  given  up.  Such  patients  must  be  advised  to  make  a  change 
if  possible — ^but  only  if  it  is  possible.  In  any  case  the  physician  must 
first  carefully  consider  whether  what  he  is  offering  is  better  than  what 
the  patient  has  to  give  up;  for  in  these  days,  when  all  the  professions  are 
overcrowded,  the  attempt  to  change  one's  occupation  often  meets  with 
unexpected  difficulties. 

Any  occupation  that  throws  an  excessive  demand  on  the  heart  is 
unsuitable  for  a  heart  patient.  This,  therefore,  includes  all  occupations 
which  necessarily  imply  violent  and  frequently  repeated  muscular  move- 
ments. Again,  in  some  callings  a  man  is  compelled,  by  our  present 
customs,  to  drink  large  quantities  of  wine  and  beer;  examples  of  this 
are  found  among  brewers,  beer-wagon  drivers,  waiters,  and  commercial 
travelers.  And,  finally,  if  even  for  a  quiet  man  there  are  moments  of 
great  emotion,  these  are  constant  sources  of  danger  to  the  heart. 

In  regard  to  all  these  matters  the  physician  must  carefully  inquire  into  the  work 
which  the  patient's  occupation  requires  nim  to  do.  Everybody  knows  that  a  black- 
smith's work  is  heavy  and  that  a  waiter's  duties  are  about  as  unsuitable  as  possible 
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for  a  man  with  an  abnormal  heart  muscle.  In  other  callings,  however,  a  correct 
judgment  can  be  arrived  at  only  by  minute  interrogation,  and  here  again  the  patient's 
personality  must  be  taken  into  account.  While  one  man  may  find  the  duties  of  a 
certain  office  altogether  too  exciting,  a  more  cold-blooded  individual  may  be  able 
to  perform  them  with  perfect  equanimity. 

If  there  is  no  practical  obstacle  to  temporary  interruption  of  the  pa- 
tient's work,  I  strongly  recommend  such  a  procedure  whenever  there  is 
reasonable  hope  of  achieving  a  real  improvement  or  even  cure  by  a  certain 
period  of  rest.  Not  infrequently,  however,  it  is  wiser  to  allow  the  patient 
to  go  on  with  his  work,  especially  when  the  heart  cannot  well  get  worse 
than  it  is. 

Sometimes  the  solution  of  the  question  is  taken  out  of  the  (diysician's 
hand  by  a  higher  power;  the  patients  are  simply  unable  to  keep  on  with 
their  work. 

If  a  heart  patient  continues  his  work,  he  should  "save  himself,"  as 
the  sa3dng  is,  as  much  as  possible;  that  is,  he  should  do  what  he  has  to 
do  with  a  minimum  expenditure  of  pychic  and  bodily  exertion — ^just 
enough  to  insure  good  work.  Ambition,  competition,  and  passion  in 
the  course  of  his  work  must  be  buried  forever.  But  here,  again,  it  is  easy 
enough  for  the  physician  to  give  instructions,  but  very  different  for  the 
patient  to  carry  them  out.  Take  away  a  man's  passion  for  his  calling: 
what  is  he  likely  to  accomplish?  As  has  already  been  stated,  there  are 
many  heart  patients  who  prefer  to  work  rather  than  prolong  their  days 
in  idleness.  In  such  a  case  the  physician  is  often  at  his  wit's  end.  Much, 
however,  may  be  accomplished  by  judicious  admonition,  and  the  patient's 
efforts  to  preserve  his  mental  balance  will  be  greatly  aided  by  a  strong 
moral  and  religious  sense.  In  my  opinion  a  physician  in  such  cases 
should  never  alienate  his  patient's  confidence  by  excessively  rigorous 
instructions.  He  will  accomplish  most  good  by  trying  to  understand 
and  guide  his  inner  life. 

To  what  extent  muscular  exertion  may  be  p)ermitted  has  already  been 
discussed  in  connection  with  the  question  of  rest  in  bed,  especially  the 
differences  in  this  respect  between  patients  with  recent  cardiac  insuffi- 
ciency and  those  in  whom  the  condition  is  of  long  standing. 

Patients  without  any  anomalies  of  blood  distribution,  but  in  whom  a 
disease  of  the  heart,  nevertheless,  reveals  itself  to  the  physician  by  the 
presence  of  symptoms  under  certain  circumstances  and  by  objective 
signs,  must  not  by  any  means  be  ordered  to  abstain  from  exercise.  This 
was  expressly  pointed  out  by  Stokes. 

Oertel  unquestionably  deserves  credit  for  the  fact  that  under  his 
inspiration  we  are  gradually  losing  our  traditional  dread  of  exercise  in 
every  kind  of  heart  disease.  Of  course,  the  patient  must  always  keep 
within  the  limit  of  his  fimctional  capacity  (determined  by  the  history 
and  special  tests) ;  but  within  that  limit  he  must  take  exercise  in  order 
to  guard  against  the  development  of  cardiac  insufficiency  from  inaction. 
Regular  constitutionals,  if  necessary,  with  graded  climbing  exercises, 
riding,  and  g3rmnastics  of  various  kinds  are  indicated — but  under  super- 
vision or  according  to  the  doctor's  orders.  It  is  impossible  to  give  general 
rules  because  it  is  only  by  an  accurate  knowledge  of  the  individual  that 
the  exercise  can  be  adapted  to  his  capacity. 

A  great  many  sensible  persons  may  be  allowed  to  pursue  their  custom- 
ary mode  of  life  provided  it  is  not  such  as  to  tlu-ow  a  severe  strain  on  the 
heart,  a  fact  to  be  determined  by  the  history.    To  other  patients,  who 
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cannot  be  trusted,  the  physician  must  give  the  most  minute  instructions: 
how  long  and  how  often  they  may  go  out,  how  high  they  may  climb,  and 
how  long  the  exercises  are  to  last,  fii  such  cases  it  becomes  the  physician's 
duty  to  be  more  or  less  dogmatic.  In  deciding  whether  any  unusual 
and  altogether  unnecessary  exercise,  such  as  dancing,  for  example,  may 
be  permitted,  the  physician  must  be  guided  by  the  patient's  age  and 
personality  and  by  what  he  has  been  able  to  make  out  in  regard  to  the 
functional  capacity  of  the  patient's  heart. 

CARE  OF  THE  SKIN.    BATHS. 

A  lukewarm  bath— 32^  to  35°  C.  (90°  to  95°  F.)— once  or  twice  a  week 
is  as  healthful  for  a  heart  patient  as  it  is  for  every  healthy  man  and  is  well 
borne  in  most  cases.  Cleanliness  is  a  very  important  matter,  especially 
in  the  severe  cases,  because  the  overstretched  and  edematous  skin  is  very 
apt  to  become  the  seat  of  inflammatory  processes  which  not  infrequently 
assume  serious  proportions.  Unfortunately,  the  dyspnea  and  cardiac 
weakness  in  such  patients  may  be  so  severe  that  the  movement  necessarily 
associated  with  a  bath,  even  when  every  precaution  is  taken  to  get  the 
patient  in  and  out  of  the  bath  without  any  exertion  on  his  part  and  not 
to  allow  him  to  dry  himself,  become  dangerous,  or  the  bath  itself  dis- 
tresses the  patient.  In  such  a  case  he  must  be  sponged  with  lukewarm 
water— 28°  to  30°  C.  (82°  to  86°  F.)— or  with  dilute  alcohol.  Every  part 
of  the  body  that  comes  in  contact  with  the  bed  must  be  protected  against 
decubitus  by  every  Imown  method.  If  a  bednaore  develops,  it  must  be 
carefully  treated — a  matter  of  no  small  difiiculty,  particularly  when 
there  is  edema. 

There  is  no  objection  to  a  cold  rub  in  the  morning.  Whenever  there 
is  no  cardiac  weakness  with  altered  blood  distribution,  the  exercise  incident 
to  a  cold  rub  may  be  very  beneficial  to  the  heart,  since  it  is  associated  with 
vasomotor  stimulation  and  possibly  also  with  stimulation  of  the  heart 
itself.  For  this  reason  the  procedure  should  be  employed  with  caution, 
and  the  temperature  of  the  water  must  be  regulated  according  to  the  indi- 
cations present  in  the  heart;  thus,  moderately  warm  temperatures  will 
be  preferred  for  older  people.  In  the  case  of  individuals  who  have  been 
used  to  taking  a  cold  rub  all  their  Uves  there  is,  of  course,  less  need  for 
anxiety,  because  in  such  cases  the  reflexes  are  much  less  active. 

Whether  cold  river-  or  seorbaths  may  be  allowed  must  be  determined 
by  the  condition  of  the  heart  and  largely  also  by  the  patient's  strength 
and  habits.  There  are  some  perfectly  healthy  persons  even  who  cannot 
tolerate  cold  bathing.  As  a  rule,  cold  baths  may  be  permitted  in  the 
same  cases  in  which  exercise  of  the  heart  is  possible  and  appears  to  be 
indicated. 

I  have  no  special  instructions  to  give  as  regards  clothing.  Its  selec- 
tion is  based  on  principles  which  everybody  is  in  the  habit  of  observing 
in  every-day  life.  Heart  patients  with  severe  circulatory  disturbances 
are  very  apt  to  be  cold,  especially  to  have  cold  feet,  and  this  must,  there- 
fore, be  remembered.  They  must  be  kept  warm,  but  the  clothing  must 
not  be  too  heavy. 

DIET. 

From  the  standpoint  of  diet,  heart  patients  may  be  divided  into  two 
classes:  those  who  go  about  or  even  attend  to  their  work,  and  differ  from 
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healthy  individuals  only  by  the  fact  that  in  some,  or  perhaps  in  a  great 
many,  respects  the  heart  is  unable  to  respond  to  the  demands  upon  it; 
and  the  second  class,  consisting  of  patients  sufifering  from  profound  cir- 
culatory disturbances. 

As  regards  the  first  class,  all  that  is  required  is  to  advise  them  to  live 
sensibly;  but  as  opinions  dififer  in  regard  to  the  meaning  of  the  word 
"sensible,''  the  physician  must  go  into  details  and  in  a  given  case  must 
not  hesitate  to  give  his  own  opinion. 

Even  healthy  persons  vary  a  good  deal  in  regard  to  the  number  of 
times  they  eat  during  the  day  and  the  quantity  they  eat  at  each  meal. 
Some  have  the  most  peculiar  habits,  and  in  spite  of  them  retain  their 
bodily  and  mental  efficiency  in  the  highest  degree.  Heart  patients  must 
be  absolutely  forbidden  to  indulge  in  any  such  peculiarities. 

Every  meal  makes  a  certain  demand  on  the  circulation,  and  when  the 
meal  is  heavy,  the  demand  is  correspondingly  greater.  It  is  less  injurious 
to  a  heart  weakened  by  disease  to  exert  itself  a  little  at  short  intervals 
than  to  overexert  itself  at  long  intervals.  Then  there  is  another  thing. 
After  a  copious  meal  the  stomach  and  intestines  enlarge  and  the  diaphragm 
rises:  oppression  and  a  sense  of  pressure  or  constriction  are  apt  to  be  the 
result,  and  it  is  possible  that  the  overfilling  of  the  intestinal  canal  may 
affect  the  heart  in  some  special  way  through  reflexes  and  that  the  disposal 
of  numerous  articles  of  food  may  also  affect  it  for  chemic  reasons  through 
the  medium  of  the  products  of  digestion.  In  the  case  of  some  patients 
this  undoubtedly  takes  place,  and  when  it  does,  must  receive  due  con- 
sideration. 

There  is  no  reason  why  a  heart  patient's  diet  should  be  different  from 
that  of  a  healthy  person.  I  mean  that  it  is  best  in  an  individual  case  to 
allow  the  patient  to  eat  what  he  has  been  accustomed  to,  again  provided 
that  he  has  not  been  accustomed  to  indulge  in  the  most  obvious  eccentri- 
cities or  absolute  irregularities  in  diet.  We  know  that,  for  a  munber  of 
reasons,  the  amount  of  food  required  by  different  individuals  varies 
greatly.  It  does  not  seem  to  me  that  our  theoretic  views  are  sufficiently 
definite  to  justify  our  subjecting  persons  whose  habits  of  life  have  been 
widely  different  to  the  identical  routine,  and  just  because  they  are 
sick,  and  in  the  absence  of  any  urgent  reason,  to  prescribe  an  entirely 
different  diet  from  what  they  have  bieen  accustomed.* 

One  thing,  however,  should  be  remembered:  whatever  tends  to  overfill 
the  intestinal  tract  is  injurious  for  the  reasons  given  above.  As  a  great 
many  different  articles  of  food  may  produce  this  effect  in  different  indi- 
viduals, and  as  patients  vary  greatly  in  the  matter  of  personal  habits, 
it  is  necessary  to  discuss  the  menu  with  every  individual  patient.  I 
always  discuss  minutely  with  my  patients  what  and  how  much  they  shall 
eat. 

I  shall  not  give  any  diet-lists  because,  in  my  estimation,  they  have  only  a  very 
limited  value  in  a  text-book,  except  for  such  diseases  as  diabetes  mellitus  or  obe- 
sity, in  which  the  indications  are  very  precise,  for  they  apply,  as  a  rule,  only  to  one 
class  of  individuals  or  to  the  people  living  in  one  section  of  the  countiy.  For  in- 
stance, what  I  order  my  patients  in  the  Policlinic  to  eat  is  suitable  only  for  Thu- 
ringian  or  Hessian  peasants,  and  the  diet-lists  would  be  of  little  use  to  a  physician 
in  upper  or  lower  Germany.  Apparently  precise  instructions  of  this  kind  may  do 
harm  because  the  man  who  uses  them  is  in  constant  danger  of  falling  into  routine 
methods,  a  tendency  which  is  only  too  common  among  physicians  in  the  matter 
of  dietetics. 

♦Compare  F.  A.  Hoffmann,  "Allgemeine  Therapie,"  Capitel:  "Herz." 
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Certain  special  instructions  are  necessary  in  regard  to  a  few  articles 
of  diet.  Heart  patients  are  quite  as  intolerant  of  large  quantities  of  loine, 
beer  J  and  brandy,  or  rather  much  more  so,  than  healthy  individuals,  and 
it  is  not  necessary  to  enter  at  length  into  the  reasons  for  this.  But  just 
as  a  man  of  good  sense  and  moderation  need  not  give  up  wine  and  beer 
altogether  merely  because  by  doing  so  he  may  help  to  cure  drunkards, 
in  the  same  way  heart  patients,  with  whom  we  are  here  concerned,  need  not 
abstain  altogether  except  when  the  physician  finds  that  he  must  forbid 
the  use  of  spirituous  liquors  altogether  in  order  to  prevent  intemperance. 
I  should  not  hesitate  to  allow  one  or  two  wineglasses  of  a  thin  white  or 
red  wine  and  a  half  liter  of  light  beer  in  the  evening.  That  is  as  much 
as  sensible  people  in  good  health  are  in  the  habit  of  drinking.  The  "  extra 
drinks"  which  the  latter  may  allow  themselves  cannot  be  permitted  in 
the  case  of  heart  patients  of  the  type  we  are  now  discussing,  nor  can  they 
be  allowed  to  take  brandy. 

It  is  probably  better  to  forbid  the  use  of  coffee  altogether,  at  least  in 
the  case  of  patients  who  will  not  drink  it  weak.  That  strong  coffee,  when 
taken  habitually,  is  injurious  to  heart  patients  I  have  often  observed. 
As  a  rule,  I  would  permit  small  quantities  of  weak  coffee,  but 
if  that  does  not  satisfy  the  patient  and  he  demands  a  good  beverage, 
it  must  be  interdicted  altogether.  Malt  coffee  and  "Kneipkaffee" 
["postum  cereal''  and  similar  preparations — Ed.]  have  but  feeble  attrac- 
tions for  most  people.  Cocoa  may  usually  be  allowed,  as  may  also  care- 
fully and  properly  prepared  tea,  that  is,  a  half  tablespoonful  of  good  tea- 
leaves  to  two  cups,  allowing  it  to  draw  for  only  a  few  minutes,  so  that 
the  beverage  is  light  straw  color,  about  like  the  color  of  Pilsner  beer. 

The  tobacco  habit  in  any  form  ought  to  be  given  up  altogether  by  heart 
patients.  At  least,  all  the  most  experienced  physicians  are  absolutely 
agreed  that  the  smoking  of  so-called  imported  Havana  cigars  ought  to 
be  interdicted  altogether.  Cigarettes  are  harmful  because  the  smoker, 
as  a  rule,  smokes  too  many  of  them.  If  the  patient  is  absolutely  dependent 
on  tobacco  he  would  better  smoke  mild  cigars,  but  at  most  two  or  three 
a  day,  and  no  extra  smokes. 

Chewing  and  probably  also  snuff-taking  should  be  forbidden  altogether. 

The  total  quantity  of  the  food  must  be  strictly  controlled;  for  as  heart 
patients,  as  a  rule,  do  not  take  as  much,  or  as  active,  exercise  as  persons 
in  good  health,  there  is  constant  danger,  if  the  food  is  too  abundant',  of 
their  becoming  fat,  and  obesity  is  anything  but  desirable,  because  it  in- 
creases the  demand  on  the  heart  during  every  kind  of  bodily  movement. 
The  patients  should,  therefore,  be  allowed  to  eat  as  much  as  they  require, 
and  especially  should  not  be  allowed  to  want  for  albumin,  but,  as  a  rule, 
they  should  not  be  put  on  fat. 

Even  the  older  physicians  always  preached  moderation  to  heart  patients.  At 
present,  when  full  feeding  and  gavage  are  so  much  in  vogue  and  are  believed  to  cure 
almost  an3rthing,  such  a  theory  almost  causes  surprise,  and  yet  the  reasons  are 
clear  enough,  since  most  heart  patients,  owing  to  the  fact  that  they  take  very 
little  exercise,  need  considerably  less  nourishment  than  persons  who  are  working. 
It  is,  therefore,  well  to  calculate  the  total  quantity  of  food  for  a  heart  patient  accord- 
ing to  the  principles  of  metabolism  and  heat-proauction. 

Some  differences  must  be  made  in  cases  of  profound  cardiac  insufficiency, 
A  certain  amount  of  individualization  is  necessary  in  these  cases.  There 
are  some  hopeless  patients  whose  malady  resists  every  attempt  to  bring 
about  a  real  improvement;   in  such  cases  it  seems  to  me  reasonable  to 
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forbid  only  articles  of  diet  which  are  really  harmful  and  to  refrain  from 
adding  to  the  poor  sufferer's  discomfort  by  unnecessary  restrictions. 

The  other  class  includes  those  who  are  still  capable  of  improvement, 
in  whom  everything  calculated  to  obstruct  the  progress  toward  recovery 
must  be  strictly  avoided.  In  such  cases  I  would  not  allow  beer,  brandy, 
or  coffee  as  beverages,  but  only  as  medicines  on  prescription;  the  indica- 
tions and  mode  of  administration  will  be  discussed  later. 

In  selecting  a  diet  the  &*st  consideration,  aside  from  the  patient's 
own  inclinations,  is  that  the  quantity  be  just  sufficient  and  that  the  food 
be  of  the  proper  composition  and  greater  practicable  concentration,  as  in 
that  way  overloading  of  the  stomach  is  guarded  against  as  much  as 
possible. 

Large  quantities  of  food  are  neither  necessary  nor  desirable;  the  pan 
tients  do  not  need  much  because  they  are  resting  most  of  the  time.  It 
is  true  that  the  increased  amoimt  of  work  of  the  respiratory  muscles  in 
dyspneic  individuals  makes  a  certain  extra  demand  on  the  nutrition, 
but  I  am  quite  unable  to  state  with  any  accuracy  bow  much  this  increase 
amounts  to.  The  patient  should  not  put  on  fat,  and  in  order  to  relieve 
the  circulation,  it  is  even  desirable  that  the  food  be  relatively  scanty. 

As  to  the  kinds  of  food  that  may  be  allowed,  the  choice  must  be  based 
on  the  same  principles  as  those  which  obtain  in  the  feeding  of  very  sick 
patients  generally. 
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It  follows,  from  what  has  been  said  above,  that,  for  our  purposes,  but 
Kttle  need  be  said  under  this  head.  Of  course  there  may  be  individual 
cases  in  which  heart  patients  need  to  have  their  nutrition  improved,  and 
in  such  cases  the  desired  object  will  be  attained  by  observing  the  well- 
known  principles  of  dietetics.  It  is  not  necessary  to  go  into  detail  because 
there  are  no  indications  peculiar  to  heart  patients. 

Much  more  frequently  it  becomes  our  duty,  in  the  case  of  heart  pa- 
tients, to  bring  about  a  reduction  in  the  amount  of  fat  within  the  body; 
this  point  is  discussed  in  the  section  on  the  Cardiac  Symptoms  in  Obesity. 
But  the  indication  for  reducing  fat  is  not,  by  any  means,  present  only 
when  the  obesity  is  the  cause  of  circulatory  disturbances.  The  excessive 
accimiulation  of  fat  may  be  equally  troublesome  and  disturbing  in  alto- 
gether different  kinds  of  heart  disease,  and  in  such  cases  also  a  reduction 
of  the  fat  is  indicated. 

The  reduction  must  also  follow  the  rules  of  dietetics  (see  Vol.  VII  of  the 
German  edition).  But  in  withdrawing  food  the  greatest  caution  must 
be  observed;  the  withdrawal  must  never  be  effected  rapidly,  the  amount 
of  albumin  contained  in  the  body  must  be  maintained  and  if  possible 
increased,  and  all  special  instructions  in  regard  to  exercise,  gymnastics, 
bathing,  or  drinking-cures  must  be  directed  toward  the  condition  of  the 
heart. 

I  am  not  much  taken  with  the  use  of  thyroid  gland  preparations  in 
36 
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heart  disease.  These  remedies  are  not  altogether  free  from  danger,  and 
ought,  I  think;  to  be  avoided  so  long  as  we  have  other  drugs  at  our  dis- 
posal. Their  use  might  be  considered  in  those  cases  in  which  it  is  impossi- 
ble to  demonstrate  any  nutritional  anomaly,  that  is  to  say,  in  the  curious 
cases  of  constitutional  obesity.  But  our  experience  with  such  cases  is 
still  altogether  inadequate. 

Treatment  with  Mineral  Waters. — ^The  drinking  of  laxative  mineral 
waters  for  the  purpose  of  reducing  fat  is,  as  we  all  loiow,  habitually  ad- 
vised even  in  cases  of  heart  trouble  in  the  hope  that,  by  diminishing  the 
amount  of  fat  in  the  body,  the  cardiac  symptoms  may  be  improved. 
When  the  theory  of  restricting  fluid  began  to  dominate  the  views  of  phy- 
sicians, the  profession  began  to  lose  faith  in  drinking-cures;  indeed,  some 
authorities  went  so  far  as  to  say  that  they  are  absolutely  harmful.  But 
experience  has  not  altogether  confirmed  this  view.  Now,  as  heretofore^ 
numerous  patients  suffering  from  obesity  and  cardiac  83rmptoms  go  every 
year  to  Carlsbad,  Neuenahr,  and  especially  to  Marienbad  and  K^singen, 
and  there  find  the  relief  that  they  had  hoped  for.  We  cannot  help  thmk- 
ing  that  only  a  very  small  proportion  of  waters  containing  magnesiimi 
sulphate  and  bitter  salts  generally  is  absorbed;  that  the  physicians 
practising  at  the  above-mentioned  resorts  have  had  much  experience  in 
the  treatment  of  the  morbid  conditions  with  which  we  are  here  dealing; 
and  that  instructions  in  regard  to  suitable  diet  and  appropriate  walking 
exercise  make  up  a  large  part  of  their  therapeusis.  Hence  the  good  re- 
sults obtained  in  the  above-mentioned  health  resorts  cannot  be  denied, 
nor  are  they  at  all  difficult  to  understand. 

The  indications  for  the  use  of  the  above-mentioned  waters  are  found 
almost  exclusively  in  obesity  or,  at  most,  in  the  first  stages  of  various 
forms  of  arteriosclerosis.  These  indications  will  be  discussed  more  at 
length  in  the  respective  sections,  where  it  will  also  be  shown  what  pre- 
cautionary measures  are  necessary  to  prevent  these  drinking-cures  from 
becoming  harmful. 

Milk-cures. — Milk-cures  have  been  as  enthusiastically  recommended 
for  diseases  of  the  heart  as  for  diseases  of  the  kidney,  in  the  hope  that 
they  would  exert  a  favorable  influence  on  the  gastro-intestinal  canal,  on 
metabolism,  and  on  the  heart  and  kidne3rs.  We  are  as  yet  absolutely 
unable  to  say  how  a  milk-cure  acts,  and  as  F.  A.  Hoffmann*  correctly 
says,  at  present  our  practical  experience  is  not  sufficient  to  enable  us  to 
form  an  accurate  judgment,  because  we  are  still  unable  to  deduce  clear 
indications  for  the  use  of  a  milk-cure  from  our  experience  with  the  method. 
This  statement  applies  to  diseases  of  the  heart  just  as  much  as  to  other 
diseases;  some  authorities  warmly  recommend  the  practice, f  while  others, 
on  the  contrary,  restrict  their  patients  considerably  in  the  use  of  milk.^ 

The  truth  probably  lies  between  these  two  extremes,  and  in  prescribing 
milk  it  must  be  remembered  that  if  a  man,  even  when  he  is  at  rest,  is 
to  be  nourished  entirely  on  milk,  he  must  ingest  a  very  large  quantity 
of  fluid — at  least  about  three  liters  (quarts)  a  day.  Hence  an  exclusive 
milk-diet  is  not  to  be  thought  of  except  in  the  case  of  heart  patients  who 

*F.  A.  Hoffmann,  "Zeitschrift  fOr  klinische  Medicin,"  vol.  vii,  supplement, 
p.  8.  Ibid.y  ''AUgemeine  Therapie/'  Compare  Hdgerstedt,  "Zeitschrift  fOr  klin- 
ische Medicin,"  vol.  xiv,  p.  16.  Koppel,  "Petersburger  medicinische  Wochen- 
schrift,"  1892.  p.  303. 

tKarell,  "Archives  g^n^rales  de  m^ecine,"  1866,  vol.  ii,  p.  513. 

t  Oertel,  "Archiv  fur  Hygiene/'  xvii. 
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have  no  tendency  whatever  to  cardiac  msufficiency,  and  even  then  I 
should  not  Uke  to  recommend  it.  I  am  aware  of  the  fact  that  the  best 
results  with  milk-cures  in  the  case  of  heart  patients  with  profound  circu- 
latory disturbances  were  obtained  by  giving  small  quantities — ^from  600 
to  800  c.c.;*  but  this  merely  means  a  considerable  abstraction  of  fluid 
combined  with  a  reduction  in  the  quantity  of  nourishment,  the  advan- 
tages of  which  have  already  been  discussed  in  another  place. 

Milk  is  most  useful  for  heart  patients  as  a  beverage  and  as  an  addition 
to  other  articles  of  food,  and,  aside  from  the  question  of  the  quantity  of 
fluid  to  be  allowed,  will,  therefore,  alwa)rs  occupy  a  prominent  place  in 
the  diet-list  of  any  heart  patient  who  is  able  to  drink  milk  at  all. 

Many  persons  have,  to  a  very  large  eictent, — ^it  is  not  too  much  to  say  to  too 
great  an  extent, — ^lost  the  ability  to  drink  milk.  This  is  in  part  due  to  a  peculiar 
svstem  of  education  according  to  which  the  child's  wishes  are  aUowed  to  determine 
the  choice  of  its  food,  and  it  is  early  allowed  to  indulge  in  highly  seasoned  dishes 
and  alcoholic  beverages.  I  cannot  help  mentioning  this  matter  here  because  one 
can  do  a  good  deal  with  a  child  b^  perseverance  and  suggestion,  and  a  child  with 
heart  disease  can  frequently  be  induced  to  take  milk  even  if  it  refuses  to  do  so  at 
first. 

In  the  case  of  adults,  also,  persuasion  is  not  infrequently  successful.  But  if 
the  patient  absolutely  refuses  to  drink  pure  milk  or  reaUy  cannot  tolerate  it,  the 
taste  may  be  disguised  by  adding  salt,  sugar,  cocoa,  tea,  cofifee,  cognac,  or  Nord- 
h&user  [whiskey-^-En.]. 

I  suppose  a  modem  physician  would  not  consider  himself  justified  in  ordering 
uncooked  milk,  and  in  the  case  of  children  who  have  been  reared  since  bacterial 
days,  and  do  not  know  the  wonderful  taste  of  good  raw  milk,  it  is  a  matter  of  no 
importance;  but  adults  not  infrequently  declaro  that  th^  will  either  drink  their 
milk  raw  or  not  at  all,  and  people  with  any  idea  of  taste  will  not  be  surprised.  For 
my  part  I  always  aUow  such  patients  to  dnnk  their  milk  raw.  We  physicians  ought 
to  inake  an  effort  toward  having  more  clean  dairies  with  non-tuberculous  cows. 

THE  TREATMENT  OF  HEART  PATIENTS  BY  MEANS  OF  MUSCULAR 

EXERCISES* 

It  is  a  well-known  fact  that  the  volume  of  a  striated  muscle  in- 
creases in  proportion  to  the  work  which  it  performs,  and,  as  a  result  of 
the  increase  in  size,  the  muscle's  functional  capacity  is  also  augmented. 
Essentially  the  same  thing  is  true  of  the  heart,  and  the  reasons  why 
this  similarity  to  the  voluntary  muscles  is  not  more  clearly  apparent 
have  already  been  explained.  During  muscular  exertion  the  work  of 
the  heart  is  unquestionably  also  increased  (see  p.  486).  It  seems  logical, 
therefore,  to  employ  innervation  of  the  skeletal  muscles  as  a  means  of 
improving  an  ill-nourished,  feeble  heart,  provided  it  is  still  capable  of 
improvement. 

This  fact  was  known  to  Stokes;  but  although  both  Traube  and  his 
disciples,  as,  for  example,  Frantzel,  advised  their  heart  patients  to  take 
a  certain  amount  of  exercise,  Oertel  was  the  first  in  recent  times  to  adopt 
the  procedure  with  a  full  consciousness  of  its  significance,  and  will  always 
deserve  our  thanks  for  this  achievement. 

It  is  not  a  question  of  allowing  heart  patients  to  exercise,  but  rather  of 
ordering  exercise  for  the  definite  purpose  of  imposing  a  certain  amount 
of  work  on  the  muscle  of  the  heart  and  thereby  enabling  the  organ  to  im- 
prove its  nutrition  and  increase  its  strength.  Hence  our  object  in  ordering 
exercise  is  essentially  different  from  that  which  we  have  in  view  when  we 

♦Karell,  loc.  dt.  Compare  Hoffmann,  "Allgemeine  Therapie."  Schnaubert» 
"Petersburger  medicinische  Wochenschrift,"  1884,  No.  6.    Oertel,  loc.  cU. 
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give  digitalis.  The  latter  is  a  poison,  and  is  given  in  order  to  call  into 
action  the  latent  strength  of  the  heart  muscle  which  has  remained  hidden 
and  failed  to  make  itself  felt  on  account  of  the  diseased  condition  of  the 
organ.  The  stimulation  incident  to  muscular  exercise  is,  in  addition, 
believed  to  give  the  heart  muscle  an  opportunity  to  increase  its  functionat- 
ing substance.  The  method,  therefore,  has  a  definite  purpose.  In  order 
to  accomplish  that  purpose  we  must  have  an  accurate  knowledge  of  the 
technic  as  well  as  of  the  kind  of  disturbances  from  which  the  patient  who 
is  to  be  subjected  to  treatment  is  suffering. 

First  of  all,  the  patient's  heart  must  be  carefully  examined  in  order 
to  find  out  whether  his  case  is  a  suitable  one,  a  point  which  is  determined 
by  observing  how  the  organ  responds  to  certain  definite  demands,  for 
the  treatment  cannot  prove  successftil  unless  the  heart  is  able  to  perform 
the  increased  amount  of  work  induced  by  the  artificial  stimulation. 
This  point  must  be  determined  beforehand — an  important  as  well  as  a 
difficult  task. 

How  can.  we  determine  that  the  heart  still  possesses  functionating 
tissue  capable  of  being  educated?  Some  assistance  is  derived  from  clinical 
experience,  which  shows  that  many  cases  of  obesity  are  suitable  for  treat- 
ment by  exercise,  it  being  immaterial  whether  circulatory  disturbances 
have  not  as  yet  made  their  appearance  or  have  already  .developed  to  a 
variable  extent  (see  the  section  on  the  Cardiac  Symptoms  in  Obesity). 
In  fact,  it  may  be  said  that  patients  of  this  class  furnish  by  far  the  largest 
contingent  of  suitable  cases. 

Next  in  order  are  cases  of  cardiac  disturbance  in  pulmonary  patients. 
In  this  class  of  cases  also  very  creditable  results  have  been  obtained. 
Finally,  individual  cases  suitable  for  this  mode  of  treatment  will  probably 
be  foimd  in  any  group  of  diseases.  This  will  be  referred  to  again  in  the 
special  sections. 

The  question  whether  the  method  is  likely  to  prove  useful  in  an  in- 
dividual case  may  be  determined  partly  by  what  the  patient  says  about 
the  behavior  of  his  heart  during  muscular  exercise  and  partly  by  making 
a  cautious  trial  of  the  method,  which  yields  more  positive  information. 
Thus  the  patient  is  made  to  walk  on  a  slope  of  known  grade  or  to  go 
through  a  definite  muscular  exercise,  and  the  physician  observes  whether 
the  apex-beat  becomes  stronger,  the  radial  pulse  fuller  and  larger,  or 
whether,  on  the  contrary,  acceleration  of  the  heart  action  is  accompanied 
by  irregularity,  inequality,  and  weakness,  and  whether  the  pulse  becomes 
soft  and  small. 

If  the  latter  is  the  case,  it  is  a  positive  indication  that  the  heart  will 
not  tolerate  the  muscular  exercise,  and  in  that  case  the  treatment  is  not 
only  useless,  but  even  dangerous,  because  of  the  possibility  of  acute 
overexertion  of  the  heart.  This  so-called  mechanotherapy  is  positively 
contraindicated  by  severe  sclerosis  of  the  coronary  or  other  arteries  in  the 
body,  advanced  Bright's  disease,  and  all  acute  processes  (cardiac  affec- 
tions during  and  after  infectious  diseases,  acute  overexertion  of  the  heart). 

In  some  of  these  cases  the  organ  is  unable  to  secure  a  sufficient  supply 
of  blood  for  the  increased  demands  made  upon  it;  or  it  does  not  contain 
a  sufficient  quantity  of  tissue  capable  of  increased  work.  In  all  acute 
processes  the  diseased  muscle-fibers  must  be  relieved  from  work  as  much 
as  possible  in  order  to  carry  them  through  the  period  during  which  their 
functional  capacity  is  diminished. 

In  such  conditions  the  treatment  always  involves  danger  of  causing 


TREATING  HEART  PATIENTS  BY  MUSCULAR  EXERCISES.     665 

overexertion  of  the  heart  muscle,  and  this  has,  in  fact,  frequently  occurred. 
Great  care  is,  therefore,  urgently  demanded,  and  in  view  of  what  has 
been  said  it  is  obviously  sometimes  exceedingly  difficult  to  determine 
the  indications  for  this  method  of  treatment,  because  severer  grades  of 
arteriosclerosis  of  the  heart  must  be  excluded. 

The  method  consists  in  prescribing  systematized  muscular  movements. 

Oertel  recommends  walking  on  a  good  road  with  known  grades  and 
distances,  and  this  form  of  exercise  seems  to  me  also  most  satisfactory 
on  account  of  the  influence  exerted  simultaneously  on  the  heart,  the  skin, 
and  the  limgs. 

The  exercises  may  be  carried  out  either  at  a  health  resort  or  in  the  patient's 
home.  While  the  latter  plan  is  not  always  feasible,  it  can  be  carried  out  much 
more  frequently  than  is  generally  thought.  All  that  is  necessary,  in  my  opinion, 
is  that  the  physician  in  charge  of  the  case  be  familiar  with  the  principles  on  which 
the  method  is  based  and  be  able  to  find  a  suitable  road  for  the  exercise.  He  should 
then  personally  try  the  stretch  of  road  selected  and  carefully  observe  all  its  pecu- 
liarities. There  is  no  doubt  that  in  some  cases,  for  reasons  connected  either  with 
the  patient  or  with  the  city  in  which  he  lives,  it  would  be  difficult,  if  not  impossible, 
to  get  one's  orders  carried  out.  In  such  a  case  it  is  better  to  send  the  patient  away, 
if  possible,  either  to  a  well-managed  private  institution  or  to  some  suitable  health 
resort.  In  some  of  the  latter,  for  example  Reichenhall,  Schliersee.  Meran,  and 
Bozen,  special  walks  for  this  so-called  ''Terraincur"  have  been  laia  out.  These 
are  undoubtedly  of  great  advantage  and  simplify  the  treatment;  but  it  should  not 
be  said  that  the  treatment  cannot  be  carried  out  without  these  walks  because  an 
exact  dosage  of  movement  cannot  be  obtained  in  any  other  way.  That  is  a  pure 
illusion,  although  masquerading  in  the  garb  of  physiology,  and  cannot  fail  to  excite 
the  ridicule  of  any  one  who  knows  how  complicated  the  conditions  are. 

There  is  no  doubt  that  the  treatment  is  simplified  by  means  of  these  regularly 
laid-out  walks,  but  it  can  be  and  in  fact  is  carried  out  successfully  in  a  number  of 
places  in  Germany,  in  the  Tirol,  and  in  Switzerland.  An  experienced  physician 
18  far  more  important  than  terrain  toaUcs — at  least  for  my  own  patients  it  is  what 
determines  my  choice  of  health  resorts  or  sanatoria.  I  send  tnem  to  physicians 
who  are  specially  well  informed  about  the  morbid  conditions  to  be  treated. 

Others  recommend  for  the  exercise  of  the  heart  muscle  carefully  graded 
gymnastic  exercises  and  the  use  of  carbonated  and  saline  baths. 

The  gymnastic  exercises'*'  are  so  designed  as  to  offer  a  graded  amount 
of  resistance  to  the  patient's  movements  for  the  purpose  of  causing  an 
increase  in  the  strength  of  the  innervations  up  to  a  certain  degree.  The 
resistance  to  be  overcome  is  supplied  either  by  the  hand  of  a  physician 
or  that  of  a  trained  instructor  or  by  means  of  Zander's  machines. 

Whether  in  the  treatment  of  heart  patients  the  preference  is  to  be 
given  to  the  graded  walks  or  to  resistance  exercises  is  a  matter  of  opinion. 
For  my  part,  I  believe  that  either  method  may  be  employed  in  any  case 
and  for  certain  purposes;  each  has  its  special  value.  The  demands  made 
on  the  heart  in  resistance  exercises  are  at  first  much  smaller  and  more 
susceptible  of  being  accurately  regulated,  and  in  many  cases  it  may  be 
wise  to  begin  with  a  course  of  resistance  exercises  or  simply  to  order  the 
patient  to  go  through  certain  exercises  without  any  instruments  or  with 
light  dumb-bells  and  wands,  and,  after  the  heart  has  had  a  certain  amount 
of  training,  to  follow  this  with  hill-climbing. 

Although  hill-dimbing  has  done  a  good  deal  of  harm  because  pursued  with 
unreasoning  enthusiasm  and  employed  in  unsuitable  cases,  I  cannot  go  so  far  as 
to  exclude  it  altogether  in  any  case  in  which  exercise  is  useful  at  all.  The  effect 
of  climbing  on  the  respiration  and  the  pleasure  of  being  in  the  open  air  early  in  the 
morning  ought  not,  in  my  opinion,  to  be  neglected. 

*  Hughes,  ''Lehrbuch  der  schwedischen  Heilgymnastik,"  Wiesbaden,  Bergmaxm. 
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Heart  patients,  like  all  other  kinds  of  patients,  have  been  advised  to 
ride  a  bicycle.  Such  advice  in  my  opinion  is  absolutely  dangerous.  I 
do  not  believe  that  the  patient  ought  to  be  allowed  to  indulge  in  such 
violent  exercise  for  the  purpose  of  strengthening  his  heart,  especially  as, 
for  a  variety  of  reasons,  the  patient  is  so  apt  to  carry  the  exercise  to  excess. 
I,  therefore,  urgently  advise  against  bicycle  riding. 

If  the  patient  is  so  weak  that  active  muscular  exercise  appears  to  be 
unsafe,  massage  of  the  extremities  and  of  the  trunk,  if  properly  and  care- 
fully perform^,  is  often  well  borne.  This  practice  has  been  in  vogue  in 
Sweden  for  some  time.* 

In  some  cases  massage  has  been  known  to  be  followed  by  direct  im- 
provement of  the  circulatory  conditions  and  especially  by  the  disappear- 
ance of  edema.  Gradually  the  patient  is  made  to  perform  movements 
himself,  and  in  this  way  the  transition  is  gradually  and  cautiously  made 
from  passive  to  active  exercises.  So-called  massage  of  the  heart,  as 
recommended  by  Oertel,t  I  have  never  dared  to  try. 
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JEXEIHODS  OF  INFLUENCING  THE  METABOLISM  OF  WATER  IN  HEART 

PATIENTS. 

There  are  many  reasons  why  it  is  exceedingly  difficult  at  present  to 
^ve  an  opinion  in  regard  to  the  advisabiUty  of  withholding  fluid  in  the 
treatment  of  heart  patients,  because  both  our  practical  experience  with 
the  method  and  our  knowledge  of  its  theoretic  foundation  are  still,  on  the 
whole,  rather  limited. 

That  the  theoretic  foundation  is  insecure  will  surprise  no  one,  for  we 
have  already  referred  to  the  many  gaps  in  our  knowledge  of  this  subject 
(see  p.  516).  It  is  very  difficult,  in  a  given  case  of  illness,  to  form  any 
precise  idea  of  the  amount  of  water  contained  in  the  blood  and  tissues, 
and  still  more  difficult  to  form  an  estimate  of  the  exchange  of  water  and 
the  total  quantity  of  blood.  There  are  no  good  observations  about  the 
amount  of  water  in  the  blood  and  tissues  in  heart  patients,  and  yet  we 
ought  to  be  perfectly  familiar  with  it  before  venturing  on  such  active 
intervention  as  the  restriction  of  fluid  against  the  dictates  of  instinct 
and  thirst  on  the  part  of  the  patient. 

*M5ller,  "Ueber  die  manuelle  Behandlung  der  Herzkrankheiten,"  Dissertation, 
Berlin,  1898.  Compare  also  Zabludowski,  "Berliner  klinische  Wochenschrift," 
1896,  No.  20. 

t  Oertel,  "Mttnchener  medicinische  Wochenschrift,"  1889,  No.  37-39. 
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Buty  what  is  even  more  surprising,  our  practical  experience  in  regard 
to  the  value  of  the  method  is  also,  on  the  whole,  quite  limited,  although 
there  is  no  lack  of  cases  in  which  it  has  been  tried.  Indeed,  the  method 
has  been  tried  more  than  enough.  When  Oertel  first  published  his  pro- 
cedure and  doctors,  as  well  as  the  public,  adopted  it  as  a  fashion,  suitable 
and,  of  course,  altogether  unsuitable  cases  also  began  to  be  treated  by 
restricting  the  ingestion  of  fluid.  Some  did  well,  others  did  badly.  The 
former  were  remembered  and,  as  usually  happens,  the  failures  were  for^ 
gotten.  They  only  began  to  be  remembered  again  after  the  method  had 
ceased  to  be  a  novelty.  All  that  we  now  have  left  is  the  individual 
physician's  custom.  But  when  we  look  for  the  testimony  of  reliable 
observations,  we  find  comparatively  little  of  value. 

The  object  of  the  treatment  in  certain  cases  of  heart  disease  is  to 
relieve  the  organism  of  excessive  quantities  of  water  that  are  supposed  to 
have  accumulated  in  the  blood  and  in  the  tissues.  The  theoretic  founda- 
tion for  this  procedure,  as  has  been  said,  is  extremely  slender,  and  this 
lack  of  theoretic  foundation  renders  the  discussion  of  the  method  as  a 
practical  procedure  exceedingly  difficult. 

Of  course,  there  are  patients  with  cardiac  insufficiency  who  suffer 
from  serous  plethora,  but  in  the  present  state  of  our  knowledge  it  is  hardly 
possible  to  make  such  a  diagnosis  in  a  given  case;  it  certainly  cannot  be 
inferred  from  the  kind  of  heart  disease  that  is  present — in  short,  there 
does  not  seem  to  be  a  friari  any  way  to  determine  in  a  given  case  whether 
the  abstraction  of  fluid  will  or  will  not  prove  beneficial.  I  shall  discuss 
the  methods  before  venturing  to  say  what  there  is  to  be  said  on  this 
point,  because,  after  all,  our  chief  guide  must  be  the  general  results  ob- 
tained. 

A  reduction  in  the  amount  of  fluid  contained  in  the  organism  may 
be  accomplished  by  diminishing  the  ingestion  and  increasing  the  excretion 
through  the  kidne3rs,  skin,  and  lungs.  In  the  treatment  of  cardiac  insuffi- 
ciency it  has  always  been  customary  to  stimulate  the  excretion  of  urine. 
Evaporation  of  water  from  the  skin  can  be  increased  by  means  of  sweat- 
cures  or  the  stimulation  derived  from  exercise;  evaporation  from  the 
lungs  is  no  doubt  effected  chiefly  by  exercise. 

Which  of  these  two  methods  is  to  be  adopted  in  a  given  case  we  are,  unfortu- 
nately, unable  to  determine  on  rational  grounds,  for  the  question  of  water  balance 
in  heart  patients  has  never  been  accurately  investigated,  and  we  do  not  know 
whether  the  various  systems  of  the  body  contribute  to  the  excretion  of  water  in  the 
same  proportions  as  in  health  or  whether  the  morbid  condition  causes  a  disturbance 
of  these  proportions.  We  have  to  be  guided  solelv  by  practical  experience,  and 
it  is,  therefore,  wiser  to  discard  all  'Scientific"  embroideiy  with  theory  as  being 
mere  pseudotheory.  For  example,  numerous  so-called  differential  determinations 
have  been  made  between  the  amount  of  fluid  ingested  with  the  food  and  that  ex- 
creted in  the  urine.  I  cannot  bring  myself  to  believe  that  such  investigations 
afford  any  positive  data  in  regard  to  the  mterchange  of  fluid  in  the  body;  for  it  is 
well  known  that  the  quantity  of  water  excreted  through  the  skin,  lungs,  and  intestines 
is,  for  a  variety  of  reasons,  subject  to  marked  fluctuations. 

A  discrimmating  critic  wiU  not  conclude  solely  from  a  change  in  the  relation 
between  the  quantity  of  water  ingested  and  the  quantity  excreted  in  the  urine 
that  water  has  been  retained  in  the  body;  but  even  the  clinician  cannot  arbitrarily 
disregard  an  entire  series  of  important  physiologic  factors  bearing  on  the  question. 
However,  even  this  procedure  may  afford  some  information  of  value  in  the  applica- 
tion of  therapeutic  measures. 

Regulating  the  Ingestion  of  Liquid. — It  has  recently  become  the 
custom  to  regulate  the  amount  of  liquid  ingested  for  two  reasons:   on 
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account  of  its  effect  on  the  circulation  and  because  of  its  importance  with 
reference  to  body-fat.  The  second  reason  I  shall  disregard,  as  I  shall 
have  occasion  to  speak  about  the  body-fat  in  connection  with  so-called 
fatty  heart.  For  the  present  we  have  to  do  only  with  the  effect  produced 
on  the  circulation  by  the  ingestion  of  liquid. 

The  quality  as  well  as  the  quantity  of  liquid  introduced  into  the  body 
is  a  matter  of  importance,  and  the  effect  varies  considerably  in  different 
persons,  depending  not  only  on  individual  habits,  but  also  on  local  or 
national  customs.  For,  unless  an  individual  suffers  from  a  morbid  thirst, 
he  is  not  likely  to  take  large  quantities  of  liquid  in  the  form  of  water. 
More  likely  it  is  coffee  or  tea — which  I  will  not  venture  to  decide,  but 
I  am  under  the  impression  that  in  some  of  the  poorer  regions  of  Thuiingia 
the  people  are  in  the  habit  of  indulging  freely  in  an  inferior  kind  of  thin 
coffee. 

But  when  large  quantities  of  liquid  are  habitually  ingested,  it  is  most 
frequently  in  the  form  of  beer  or  wine.  In  many  parts  of  the  world  the 
people  regularly  drink  large  quantities  of  these  Uquors,  and  some  individ- 
uals excel  in  the  enormous  quantities  they  are  able  to  dispose  of.  This 
is  attended  by  the  entrance  of  excessive  quantities  of  liquid  into  the  circu- 
lation, and,  in  addition,  the  alcohol  exerts  an  injurious  influence  on  the 
vessels  and  probably  also  on  the  heart.  In  short,  the  result  in  this  case 
is  unquestionably  effected  by  certain  very  special  factors.  It  is  not  a 
mere  coincidence  that  Oertel*  lauded  the  good  effects  of  limiting  the  quan- 
tity of  liquid  ingested  in  Munich,  and  that  in  the  famous  clinical  history, 
the  first  one  in  his  work,  which  illustrates  the  results  of  the  procedure, 
what  he  had  to  forbid  was  beer  in  such  quantities  as  any  unprejudiced 
person  will  admit  are  much  too  large  for  the  individual  case,  and  not 
relatively  insignificant  quantities  of  some  other,  indifferent  beverage. 

The  average  quantity  of  lic^uid  which  a  healthy  man  is  in  the  habit  of  ingest- 
ing is  usually  given  as  1^  to  2  liters  (quarts).  As  a  rule,  the  water  contained  in  the 
food  is  not  included  in  the  calciilation,  although,  in  my  opinion,  disregarding  the 
latter  leads  to  considerable  errors  and,  in  fact,  renders  all  the  calculations  illusory, 
for  the  quantity  of  water  contained  in  the  food  is  subject  to  extraordinary  varia- 
tions. Again,  the  character  of  the  solid  food  must  be  taken  into  consideration, 
because  it  determines  the  quantity  of  water  that  the  organism  needs  to  excrete  the 
waste-products,  not  to  mention  salts  and  their  influence  on  thirst.  It  follows, 
therefore,  that  it  is  hardly  correct  to  discuss  the  quantity  of  fluid  only,  indepen- 
dently of  other  factors;  and  any  conclusions  deduced  from  such  a  line  of  argument 
must  be  uttered  with  great  reserve. 

It  is  necessary,  in  the  case  of  heart  patients,  to  gain  at  least  an  approxi- 
mate idea  of  the  quantity  ingested.  If  conditions  which  cause  abnormal 
thirst  are  present,  such,  for  example,  as  diabetes  mellitus  or  insipidus 
or  contracted  kidney,  they  must  receive  due  attention.  If  none  of  these 
special  factors  is  present,  it  seems  to  me  wise,  even  when  the  force  of  the 
heart  is  adequate,  to  limit  the  quantity  of  liquid  to  be  taken  during 
twenty-four  hours  to  1.5  liters  (quarts),  or,  at  least,  to  make  an  attempt 
to  enforce  such  restriction.  Of  coiu^,  if  abnormally  large  quantities 
of  water  are  being  excreted  through  the  skin,  the  lungs,  or  the  intestine, 
for  example,  the  water-loss  must  be  made  good.  In  this  respect  also  I 
wish  to  insist  on  the  importance  of  individualization.  Too  much  offi- 
ciousness  is  unwise  in  any  severe  disease;   if  the  patient  does  not  bear 

*  Oertel,  "Therapie,  u.s.w."  Feilchenfeld,  "Zeitschrift  fttr  klinische  Medicin," 
vol.  xi,  p.  463. 
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the  reduction  of  liquid,  it  is  better  to  give  up.  Our  knowledge  in  regard 
to  the  quantity  of  water  required  by  the  processes  of  metatolism  in  an 
individual  case  is  as  yet  so  imperfect  that  I  would  not  ventiu^  to  enforce 
restriction  in  defiance  of  a  rebellious  organism.  I  believe,  however,  that 
it  is  wise  in  any  case  to  get  the  patient  out  of  the  habit  of  drinking  ex- 
cessive quantities  of  liquid,  provided  it  can  be  done  without  producing 
any  grave  distiu'bances. 

In  the  presence  of  cardiac  insuflSciency,  disturbance  of  compensation 
accompanying  any  form  of  muscular  disease, — for  we  have  nothing  to 
do  with  valvular  lesions, — the  question  of  the  withdrawal  of  fluid  becomes 
much  more  urgent.  In  such  cases,  also,  the  patient  must  be  restrained 
from  taking  large  quantities  ol  fluid,  as  explained  above,  it  being  par- 
ticularly important  to  enforce  these  orders  in  such  cases. 

The  indication  for  still  further  restricting  the  ingestion  of  liquid  is 
found  chiefly  in  hydremic  plethora.  Unfortimately,  it  is  difficult  to 
determine  positively  whether  such  a  condition  is  present.  As  a  rule, 
an  approximate  idea  of  the  amount  of  water  contained  in  the  organism 
can  be  deduced  from  the  presence  of  edema,  which  indicates  a  high  per- 
centage of  water.  If  edema  is  present,  the  daily  quantity  of  liquid 
should,  if  possible,  be  reduced  to  1500  c.c.  (li  quarts)  or  even  to  1  liter 
(quart),  provided  the  patient  shows  no  signs  of  marked  weakness  and  does 
not  expressly  refuse  to  limit  his  ingestion  of  liquid  after  he  has  given  the 
matter  a  fair  trial.  For  not  infrequently  a  marked  reduction  of  the  quan- 
tity of  liquid  ingested  is  attended  by  most  unpleasant  symptoms;  aside 
from  thirst,  the  patient  complains  of  fatigue,  depression,  apathy,  some- 
times also  of  irritability,  and  as  at  best  the  indication  for  restricting  fluid 
is  uncertain,  I  do  not  think  one  is  justified  in  causing  the  patient  any 
actual  distress. 

The  object  of  the  whole  procedure  is,  in  the  first  place,  to  diminish 
the  work  of  the  heart  and,  in  the  second  place,  to  stimulate  the  excretion 
of  substances  which  are  eliminated  through  the  urine  by  attracting  the 
excess  of  water  from  the  blood  and  the  tissues. 

To  what  extent  the  work  of  the  heart  is  actually  influenced  by  such  abstraction 
of  liquid  we  are  at  present  quite  unable  to  determine. 

The  quantity  of  urine  sometimes  increases  as  the  ingestion  of  liquid 
is  restricted;  sometimes  it  does  not.  An  increase  appears  to  take  place 
when  the  tissues  of  the  body  contain  such  an  excess  of  water  that  the 
blood  is  able  to  satisfy  its  need  for  liquid  by  absorbing  it  from  the  tissues 
as  soon  as  the  quantity  of  liquid  supplied  through  the  intestinal  canal 
is  diminished.  But  as  soon  as  the  water  begins  to  drain  from  the  tissues, 
the  velocity  of  the  circulation  improves  (the  exact  reasons  for  this  are 
only  partly  known)  and  the  quantity  of  urine  increases  more  and  more. 

In  practice,  therefore,  a  comparison  of  the  quantity  of  liquid  intro- 
duced through  the  stomach  with  the  quantity  excreted  in  the  urine  is 
of  some  value  in  determining  the  treatment;  but  we  have  practically  no 
knowledge  of  the  interchange  of  water  in  circulatory  disturbances. 

The  physician  must  experiment  in  every  individual  case,  but  even 
that  is  safer  than  running  the  risk  of  doing  harm  by  a  mistaken  subservi- 
ence to  routine.  I  will  cheerfully  submit  to  the  criticism  that  my  indica- 
tions are  "  indefinite"  if  I  can  induce  every  physician  to  experiment  for 
the  benefit  of  every  patient.  Is  it  for  nothing  the  teachings  of  the  saga- 
cious Stokes  are  so  generally  respected? 
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quantity  of  urine  must  be  carefully  regarded  in  the  treatment  of  every 
heart  patient;  for,  provided  the  above-mentioned  precautionary  meas- 
ures are  observed,  the  quantity  of  urine  to  a  certain  extent  affords  a 
measure  of  the  functional  capacity  of  the  heart.  An3rthing  that  tends 
to  increase  the  pressure  and  velocity  of  the  blood  in  the  renal  vessels 
at  the  same  time  causes  an  increase  in  the  quantity  of  urine.  Whenever 
a  circulatory  disturbance  exists,  the  excretion  of  urine  must,  if  possible, 
be  increased  by  correcting  the  circulatory  disturbance. 

But  we  shall  not  speak  of  these  matters;  we  are  solely  concerned  with 
the  drugs  which,  by  acting  on  the  kidneys,  increase  the  quantity  of  urine 
excreted,  that  is,  the  so-called  diuretics..  In  actual  practice — as  I  wish 
to  point  out  once  more — these  drugs  are,  as  a  rule,  employed  only  after 
an  effect  has  been  produced  on  the  heart  or  at  least  in  combination  with 
heart  stimulants. 

Any  one  who  is  in  the  habit  of  observing  himself  must  have  discovered 
that  a  number  of  substances  taken  with  the  ordinary  food  may,  under 
certain  circumstances,  act  as  marked  diuretics,  such,  for  example,  as  tea, 
coffee,  and  cocoa.  These  and  similar  substances  are  destined  to  be  used 
much  more  extensively  in  the  future,  although  as  yet  observations  in 
regard  to  their  action  are  still  inadequate. 

Among  salts,  potassium  acetate  is  now  used  most  frequently  as  a 
diuretic. 

The  potassium  salts,  for  reasons  known  to  every  one,  are  more  active  than 
the  salts  of  sodium,  and  it  is  always  well  to  select  an  acid  which  does  not  occur  in 
the  body  or  at  most  onlv  in  traces.  The  administration  of  salts  is  followed  by  the 
well-known  changes  explained  by  Bunge:  the  foreign  salts  are  excreted,  carry  water 
with  them,  and  probably  also  act  as  a  stimulant  to  the  renal  epithelium. 

Potassium  acetate  is  given  in  the  form  of  liquor  potassii  acetatis 
[German  Pharm.,  33 J  per  cent. — Ed.],  usually  with  syrup  and  water, 
about  2  to  3  gm.  (30  to  45  minims)  every  two  hours.  This  is  probably 
the  mildest  measure  that  can  be  employed  to  stimulate  the  excretion 
of  urine. 

A  much  greater  effect  can  be  produced  on  the  cells  of  the  kidney 
by  various  substances  belonging  to  the  caffein  group*  As,  however, 
the  renal  arteries  must  have  a  certain  width  in  order  to  allow  a  free 
secretion  of  urine,  and  many  of  these  substances,  like  caffein,  constrict 
the  arteries,  some  additional  means  formerly  had  to  be  employed  to 
secure  dilatation  of  the  vessels.  But  since  v.  Schroeder  made  known 
the  peculiar  qualities  of  theobromin,  this  difficulty  has  ceased  to  exist.f 
We  now  use  the  salts  of  theobromin;  Knoll's  ''diuretin,^^  which  is  the 
one  most  comimonly  used,  is  theobromin  and  sodium  saUcylate  and 
contains  about  50  per  cent,  of  theobromin. 

This  preparation  in  animals  does  not  exert  any  marked  influence  on  the  circu- 
lation,! its  chief  action  being  expended  directly  on  the  cells  of  the  kidney.  At 
the  same  time  I  purposely  refrain  from  expressing  any  opinion  as  to  what  special 
parts  of  the  kidney  are  acted  upon  by  these  substances,  f 

*  V.  Schroeder,  " Archiv  fQr  experimentelle  Pathologic/'  vol.  xxii,  p.  39,  and 
vol.  xxiv,  p.  84. 

t  v.  Schroeder,  ibid,,  vol.  xxiv,  p.  101. 

J  Cohnstein,  "Berliner  klinische  Wochenschrift,"  1893,  No.  4. 

§  Compare  v.  Sobieranski,  "Archiv  fUr  experimentelle  Pathologic,"  vol.  xxxv, 
p.  144. 
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In  disease  it  is  not  altogether  impossible  that  theobromin  may  have  some  effect 
on  the  heart  and  vessels.  Experience  has  frequently  shown  that  great  care  is  neces- 
sarv  in  applying  results  obtained  by  the  administration  of  drugs  to  animals,  espe- 
cially healthy  animals,  to  conditions  existing  in  man  in  the  presence  of  disease. 
Many  of  these  observations  unquestionably  indicate  that  the  heart  is  also  affected 
at  the  same  time.*  Of  course,  the  question  can  only  be  decided  by  means  of  in- 
vestigations carried  out  with  equal  accuracy  as  re^ros  technic  in  man,  such  as  the 
excellent  observations  of  v.  Schroeder.  It  is  possible  that  some  small  jMirt  at  least 
of  the  diuretic  action  is  due  to  the  sodium  salicylate,  but  its  influence  in  any  case 
must  be  exceedingly  slight. 

The  daily  dose  of  diuretin  is  from  4  to  5  gm.  (1  dr.  to  75  gr.)  [or  even 
8  gm.  (2  dr.) — Ed.],  administered  preferably  in  a  simple  watery  solution 
or  at  most  with  simple  syrup,  1  gm.  (15  gr.)  every  two  hours.  The  drug 
should,  in  my  opinion,  be  kept  up  for  five  consecutive  da3rs,  and,  if  neces- 
sary, resumed  after  an  interval  of  several  dsys.  Personally  I  have  never 
seen  any  bad  results  of  any  severity,  although  collapse  has  occasionally 
been  oteerved.  It  is,  therefore,  necessary  never  to  exceed  a  daily  dose 
of  5  gm.  (75  gr.)  [unless,  as  should  alwa}^  be  the  case,  the  patient  is  being 
carefully  watched — Ed.].    Nausea  and  vomiting  sometimes  occur. 

Whether  or  not  theobromin  exerts  a  certain  influence  on  the  heart 
and  vessels,  it  should  be  used  whenever  the  removal  of  dropsical  effusions 
becomes  necessary  after  direct  heart  remedies  have  been  employed. 
Under  such  conditions  the  drug  oft^i  proves  most  useful.  The  quantity 
of  urine  increases  usually  on  the  second  or  third  day  to  from  1.5  to  5  liters 
(quarts).  The  factors  which  determine  the  efficacy  of  the  drug  and  the 
reasons  why  it  occasionally  fails  to  act  still  remain  to  be  discovered.  Un- 
fortunately, the  preparation  is  very  expensive. 

In  many  cases  caUymd  is  an  extremely  useful  drug  for  combating 
dropsy  in  heart  disease,  t  My  reason  for  advising  its  use  after  diuretin 
is  not  that  it  is  less  efficacious,  but  because  it  is  unquestionably  not  quite 
free  from  danger.  Adults  are  given  0.2  gm.  (3  gr.)  three  times  a  day, 
and  if  diarrhea  develops,  0.01  to  0.02  gm.  (J  to  J  gr.)  of  opium  is  added 
to  each  dose.  Stomatitis  not  infrequently  develops,  especially  when  the 
condition  of  the  mouth  is  bad.  When  the  patient  is  gravely  ill,  the  stoma- 
titis alone  may  prove  a  serious  discomfort  on  account  of  the  pain  and 
interference  with  eating  and  drinking,  at  least  serious  enough  to  merit 
attention;  but,  unfortunately,  that  is  not  all,  for  an  enteritis  ranging 
from  a  very  mild  grade  to  the  most  extensive  ulceration  may  be  super- 
added. These  are  the  dangers  that  are  always  present  when  mercury 
is  given  in  large  doses;  but  the  doses  that  have  been  mentioned,  which 
are  by  no  means  small,  are  necessary  if  an  effect  is  to  be  produced  and, 
in  fact,  must  be  kept  up  for  several  days.  For  the  increase  in  the  excre- 
tion of  urine,  as  a  rule,  does  not  appear  until  some  time  on  the  second 
to  the  fourth  day,  and  occasionally  even  later.  After  the  drug  has  begun 
to  act,  from  2  to  8  liters  (quarts)  of  urine  may  be  evacuated  daily,  and 
the  effect  of  the  remedy  often  outlasts  its  administration  or  may  only 
begin  after  the  administration  has  ceased.  It  is,  therefore,  well,  if  no 
effect  shows  itself  within  six  days,  to  withhold  the  drug  for  a  few  days. 
It  may  be  well  to  remind  the  reader  that  all  the  precautions  ordmarily 

♦See  B.  Askanazy,  "Archiv  fttr  klinische  Medicin,"  vol.  Ivi,  p.  209;  contains 
the  literature.  Compare  Pawinski,  ''Zeitschrift  fiir  klinische  Medicin,"  vol.  xxiv, 
p.  315. 

t  Jendrassik,  "Archiv  fQr  klinische  Medicin,"  vol.  xxxviii,  p.  499,  and  vol. 
xlvii,  p.  228.  Stintzing,  ibid,,  vol.  xliii,  p.  206.  Stiller,  "Wiener  medicinische 
Blfttter,"  1886,  No.  28.     Reiner.  "Berliner  klinische  Wochenschrift,"  1890,  No.  48. 
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employed  when  mercury  is  given,  such  as  thorough  rinsing  of  the  mouth 
and  the  like,  must  be  rigorously  observed. 

With  proper  precautions  in  this  respect,  if  the  treatment  is  at  once 
interrupted  on  the  appearance  of  marked  s3rmptoms  of  intoxication, 
calomel  proves  one  of  the  most  efficient  weapons  against  dropsy  due  to 
cardiac  weakness.  The  reason  why  the  remedy  is  not  more  highly  thought 
of  by  some  probably  is  that  its  use  requires  a  certain  degree  of  energy  on 
the  part  of  the  patient  as  well  as  the  physician.  Small  doses  especially  are, 
as  a  rule,  ineffective,  and  the  method  is  not  altogether  free  from  danger. 

If  the  remedy  proves  successful,  its  administration  may  be  continued 
for  a  longer  time,  say  up  to  ten  days,  as  in  such  a  case  there  is  little  danger 
of  intoxication  because  the  mercury  is  evidently  being  rapidly  eliminated. 
Repeated  courses  of  calomel  are  justifiable  and  may  prove  very  useful 
in  such  cases;  for  it  must  always  be  remembered  that  the  remedy  is  a 
purely  symptomatic  one. 

The  indications  for  the  use  of  calomel  are  practically  the  same  as  those 
for  theobromin.  So  far  as  we  know,  the  drug  has  no  effect  on  the  heart, 
the  excretion  of  water  being  effected  through  its  action  on  the  intestine 
and  the  cells  of  the  kidney.  Hence  it  is  in  no  sense  comparable  to  cardiac 
stimulants  proper;  calomel  is  given  solely  for  the  purpose  of  removing 
dropsical  effusions  when  their  removal  cannot  be  effected  solely  by  in- 
creasing the  action  of  the  heart. 

Calomel,  in  the  opinion  of  most  authorities,  is  contraindicated  in  the 
existence  of  any  form  of  pronounced  nephritis.  In  such  cases  experience 
shows  that  calomel  is  not  well  borne  and  also  very  uncertain  in  its  action. 
There  are  some,  however,  who  dissent  from  this  view.  Albuminuria, 
even  if  marked,  in  no  sense  contraindicates  its  use,  since  it  is  due  chiefly 
to  venous  stasis. 

Numerous  other  substances  are  credited  with  the  property  of  influenc- 
ing the  excretion  of  urine;  indeed,  it  would  be  very  fortunate  for  us  if 
their  efficacy  even  remotely  approached  their  number.  But  this  is  far 
from  being  the  case.  In  fact,  there  is  not  a  single  remedy  that  I  can  re- 
commend for  diuretic  purposes  in  comparison  with  those  I  have  just 
mentioned. 

The  Excretion  of  Fluid  Through  the  Skin. — Large  quantities  of 
fluid  can  be  abstracted  from  the  body  through  the  sweat-glands,  but 
profuse  sweating  is  indubitably  associated  with  marked  changes  in  the 
circulation  and  is,  therefore,  anything  but  an  indifferent  procedure  in 
cases  of  heart  disease. 

Of  chemic  substances  that  produce  perspiration,  pUocarpin  is  the 
only  one  that  is  reliable  in  its  action,  but  the  drug,  unfortunately,  exerts 
such  an  unfavorable  influence  on  the  heart  that  I  cannot  bring  myself 
to  recommend  its  use  for  heart  patients. 

The  sweat-glands  can  also  be  stimulated  through  the  agency  of  physi- 
cal heat  regulation  by  heating  the  skin.  I  would  recommend  that  hot 
baths  followed  by  sweating  be  employed  only  with  great  caution,  for 
they  are  by  no  means  free  from  danger  in  cases  of  circulatory  disturbance. 
I  prefer  either  a  hot  pack  in  bed,  in  which  the  vapor  derived  from  an 
alcohol  lamp  is  conducted  under  the  blankets  that  surround  the  patient, 
or  so-called  cabinet  vapor-baths.  In  either  case  the  patient's  head 
remains  exposed  to  the  air  and  may  be  still  further  protected  with  an 
ice-cap  or  a  cold  compress. 

*  Sklodowski,  ''Archiv  fOr  klinische  Medicin,"  vol.  lii,  p.  300. 
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This  procedure  may  be  tried  after  it  has  been  found  impossible  to 
remove  any  more  fluid  from  the  body  by  chemic  means  and  the  measures 
about  to  be  mentioned  either  cannot  be  employed  because  the  necessary 
appliances  are  not  obtainable  or  because  they  are  too  risky.  It  is  to  be 
remembered,  however,  that  sweat-baths  are  not  well  borne  unless  the 
heart  muscle  still  possesses  a  certain  strength  and  a  certain  power  of 
accommodation. 

Finally,  sweating  may  be  induced  by  vigorous  exercise  through  the 
agency  of  physical  heat  regulation,  especially  in  hot  weather.  This 
method  has  already  been  discussed  in  connection  with  procedures  to 
strengthen  the  heart  muscle,  which  act  in  part  through  the  abstraction 
of  water  incident  to  the  increased  excretion  of  sweat,  and  it  should  be 
used  for  abstracting  water  from  the  organism  whenever  any  other  indica- 
tion or  justification  for  exercise  exists. 
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The  Removal  of  Fluid  from  the  Lymph-spaces  by  Means  of  Tro- 
cars,— Satisfactory  methods  are  now  available  for  the  operative  removal  of 
fluid  that  has  accumulated  in  the  pleural  cavities,  the  peritoneal  cavity, 
and  the  lymphnspaces  of  the  skin.  But,  as  a  rule,  this  procedure  will 
not  be  thought  of  until  every  method  has  been  tried  to  correct  the  dis- 
turbance by  improving  the  force  of  the  heart.  I  would  even  advise  the 
adoption  of  measures  to  increase  the  excretion  of  urine  and,  if  it  is  well 
borne,  the  secretion  of  the  sweat-glands  also  before  resorting  to  puncture 
for  the  removal  of  cutaneous  edema,  because  the  two  former  methods 
are  distinctly  less  unpleasant  to  the  patient. 

Puncture  of  the  abdomen  can  be  quickly  settled.  It  is  indicated  in 
the  conditions  with  which  we  are  dealing  chiefly  when  a  large  quantity 
of  fluid  has  accumulated  in  the  abdominal  cavity  as  a  result  of  some 
special  disease  of  the  peritoneum  or  of  the  liver.  The  question  of  inter- 
ference is  then  decided  by  the  general  principles  that  guide  us  in  the 
management  of  such  conditions,  it  being  remembered  that  even  a  moder- 
ate upward  forcing  of  the  diaphra^gm  often  suffices  to  injure  an  enfeebled 
heart,  so  that  the  presence  of  only  a  small  quantity  of  fluid  may,  in  some 
cases,  require  paracentesis. 

Even  when  the  accumulation  is  due  solely  to  the  heart  itself,  punc- 
ture may,  in  rare  cases,  be  required  if  the  fluid  becomes  dangerous  on 
account  of  its  quantity  alone.  In  such  cases  one  must  be  prepared  to 
see  it  reaccumulate  in  a  short  time,  and  hence  the  procedure  in  such 
cases,  as  a  rule,  has  only  a  temporary  value. 

The  case  of  the  pleural  cavities  is  quite  similar.  Puncture  is  not 
infrequently  indicate!  for  pleural  exudates  either  because  they  are  large 
or  because  they  are  obstinate.  I  take  this  opportunity  once  more  to 
insist  on  the  danger  of  delaying  too  long. 

Puncture  may  also  occasionally  be  required  in  hydrothorax,  the  indi- 
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cation  being  direct  menace  to  the  respiration;  but  in  these  cases  again 
the  fluid,  as  a  rule,  reaccumulates  in  a  short  time. 

Puncture  should  be  performed  with  one  of  the  many  instruments  devised  for 
the  pnirpose,  and  the  fluid  withdrawn  by  means  of  a  siphon.  I  am  in  the  habit 
of  using  Gurschmann's  aU-metal,  flat,  cutting  trocars,  made  by  Mdcke  in  Leipzig 
(Universit&tsstrasse).  The  instrument  comes  in  three  sizes,  the  smallest  of  which 
is  very  well  adapted  to  our  class  of  cases  because  its  use  is  attended  by  very  httie 
discomfort  to  the  patient.  These  trocars  are,  in  my  opinion,  decidedly  the  best, 
because  they  are  so  readily  disinfected  and  easy  to  handle. 

Mechanic  evacuation  of  the  fluid  in  avbcvianeoua  edema  must  be  con- 
sidered after  repeated  attempts  to  improve  the  strength  of  the  heart 
or  to  stimulate  the  action  of  the  glands  have  failed,  and  the  edema  is 
extensive  and  persistent.  The  edema  in  many  cases  is  exceedingly 
unpleasant  and  annoying  to  the  patient  and  for  that  reason  alone  its 
removal  is  desirable.  Not  infrequently  the  procedure  is  followed  not 
only  by  the  disappearance  of  the  S3niiptom,  but  also  by  a  general  improve- 
ment of  the  circulation.    This  point  has  been  referred  to  before. 

For  removing  the  fluid  I  recommend  Curschmann's  flat,  sharp,  skin 
trocars.  I  have  used  both  these  instruments  and  Southey's  tubes  and 
consider  that  the  former  have  a  great  advantage  because  they  are  easier 
to  clean  and  do  not  become  clogged  so  frequently. 

From  two  to  four  of  these  trocars  or  needles,  which  must  be  previously  boiled, 
are  inserted  in  the  cutis  after  the  skin  has  been  carefully  cleansed,  the  sites  of  elec- 
tion bein^  the  outer  aspect  of  the  thieh  and  (or)  the  abdomen.  The  needles  are 
fitted  with  small  rubber  tubes,  the  ends  of  which  are  immersed  in  a  0.7  per  cent, 
saline  solution.  The  rubber  tubes,  before  the  procedure  is  begun,  must  be  filled 
and  boiled  with  the  same  saline  solution.  The  trocars  will  stay  in  the  skin  of  their 
own  accord,  but  it  is  better  to  secure  them  with  silk  ligatures  and  adhesive  plaster. 
[Still  better,  to  put  a  few  turns  of  sterile  gauze  bandage  around  the  part  ana  under 
the  head  of  the  cannula. — Ed.]  The  puncture  wouna  is  dusted  with  iodoform  or 
airol,  or  covered  with  a  compress  of  aluminium  acetate.  The  trocars  are  removed 
after  from  twenty-four  to  thirty-six  hours,  and  may  have  to  be  introduced  again 
in  other  places,  depending  on  the  patient's  condition. 

As  a  rule,  the  fluid  drains  off  rapidly;  sometimes  many  liters  (quarts) 
are  removed  in  a  day.  In  a  few  cases,  usually  for  no  ascertainable  reason, 
the  method  fails.  If  it  were  not  for  the  danger  of  infection,  the  method 
could  be  employed  much  more  generally;  as  it  is,  it  is  justifiable  only 
under  rather  favorable  external  conditions.  A  disadvantage,  which  is 
sometimes  very  annoying,  is  the  oozing  of  fluid  from  the  wound,  which 
may  continue  for  some  time  after  the  trocar  has  been  removed. 

If  the  fluid  cannot  be  removed  by  means  of  trocars,  punctures  or 
long  incisions  of  the  skin,  as  recently  recommended  by  C.  Gerhardt, 
Fiirbringer,  and  Lenhartz,  may  be  tried.  The  most  scrupulous  cleanli- 
ness is  necessary  because  edematous  tissue  is  particularly  liable  to  infec- 
tion. The  parts  where  the  incisions  are  to  be  made  must  be  covered 
with  large  quantities  of  absorbent  material  to  take  up  the  fluid,  in  spite 
of  which  precaution  large  quantities  of  fluid  often  ooze  through  and  wet 
the  bed,  which  is,  of  coiuse,  very  unpleasant.  Nevertheless,  the  method 
is  indispensable  in  some  cases. 

Curschmann  has  succeeded  in  constructing  vessels  with  removable 
lids,  which  are  first  attached  to  the  skin  without  the  lid  by  means  of 
adhesive  plaster  or  collodion.  The  skin  within  the  area  covered  by  the 
vessels  is  then  incised,  the  lid  is  applied,  and  the  fluid  escapes  through 
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an  opening  in  the  lid  as  through  a  skin  trocar.    In  this  way  wetting  of 
the  bed  can  be  avoided. 
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THE  MEDICINAL  TREATMENT  OF  CARDIAC  mSUFFIdENCY. 

It  has  been  shown  that  retardation  of  the  circulation,  with  lowering  of  the 
pressure  in  the  arteries,  may  be  due  to  weakness  of  the  heart  or  to  abnormal  dila- 
tation of  extensive  arterial  regions,  especiallv  in  the  abdomen.  Theoretically,  it 
is  most  important  that  the  cause  be  properly  recognized  before  the  condition  is 
treated  meaicinally,  because  remedies  which  cause  constriction  of  the  vessels  and  thus 
increase  the  resistance  would  be  absolutely  dangerous  to  a  weak  heart  and,  on  the 
other  hand,  but  little  is  gained  by  improving  the  action  of  the  heart  when  there  is 
extensive  paralysis  of  the  vessels.  We  have  by  no  means  reached  a  point  in  prac- 
tice where  we  can  satisfactorily  classify  the  remedies  generalljr  used  in  the  treat- 
ment of  circulatory  weakness  according  to  these  rational  indications;  some  attempts 
have,  however,  been  made  in  this  direction  and  are  being  constantly  added  to.* 

In  true  cardiac  insufficiency  there  is  incomplete  contraction  of  the 
musculature  of  the  auricles,  and  especially  of  the  ventricles,  which,  for 
the  reasons  explained  above,  is  associated  with  dilatation  of  the  respec- 
tive cavities.  As  a  rule,  both  ventricles  are  involved,  although  frequently 
the  loss  of  function  in  one  materially  exceeds  that  in  the  other. 

Among  the  remedies  used  in  the  treatment  of  cardiac  insufficiency 
the  leaves  of  digitalis  purpurea  indisputably  hold  the  first  place.f 
The  physician  must  make  himself  thoroughly  familiar  with  the  proper- 
ties and  uses  of  this  drug;  for  U  is  not  enough  for  him  to  know  that  digin 
talis  is  the  remedy  to  give:  he  must  also  know  hoWy  wfien,  and  how  much 
of  it  to  administer.  It  is  my  belief  that  an  adequate  knowledge  of  this 
one  substance  would  enable  a  physician  to  dispense  with  all  other  "heart 
remedies  ";  but  all  the  other  remedies  taken  together,  without  digitalis, 
are  inadequate. 

In  practice  we  are  still  in  the  habit  of  using  the  crude  drug,  which,  of 
course,  is  a  great  disadvantage  in  the  case  of  such  an  important  and  active 
substance;  for  the  effect  produced  by  the  prescription  is  apt  to  depend 
on  a  great  many  different  factors  which  it  is  difficult  to  estimate,  such 
as  the  place  where  the  plant  is  grown,  the  time  of  the  year  when  the  leaves 
were  picked,  the  age  of  the  leaves,  the  method  used  in  keeping  them, 
and  other  like  factors.  No  one  will  deny  that  these  are  material  disad- 
vantages. But  for  all  that  we  are  not  yet  in  a  position  to  substitute 
the  active  agent  for  the  crude  drug  in  medical  practice.^  Some  of  the 
preparations  are  relatively  dear,  others  are  insoluble,  and  they  all 
exhibit  so  many  irr^uiarities  and  peculiarities  in  regard  to  absorption 
and  elimination  that  the  possibility  of  the  drug  accumulating  in  the  body 

^Compare  P&ssler,  "Archiv  ftir  klinische  Medicin,"  vol.  Ixiv,  p.  715. 

t  For  a  history  of  the  pharmacologv  of  digitalis  see  the  excellent  treatise  by 
Schmiedeberg,  "Archiv  ftir  experimentefle  Pathologic,"  vol.  xvi,  p.  170. 

JSee  Schmiedeberg,  "Archiv  ftir  experimentelle  Patholoeie,^*  vol.  xvi,  p.  149. 
Ibid.,  vol.  iii,  p.  16.  Ibid,.  "Grundriss  der  Arzneimittellehre,"  third  edition, 
Leipzig,  1895.     Kiliani,  "Archiv  der  Pharmacie,"  230,  233. 
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cannot  be  altogether  excluded.  In  view  of  the  great  toxicity  of  these 
substances,  such  an  accumulation  would  be  extremely  dangerous  and, 
in  fact,  cases  of  poisoning  of  this  kind  have  been  observed.  Good  results 
have  been  reported  with  digitalinum  verum,*  but  from  what  I  have  seen 
myself  I  would  not  venture  to  recommend  its  adoption  in  the  place  of 
the  crude  drug.f  The  only  thing  that  would  induce  me  to  try  the  pre- 
paration would  be  some  very  definite  contraindication  to  the  adminis- 
tration of  the  leaves  by  the  mouth  or  rectum,  or  some  condition  rendering 
such  administration  altogether  impossible,  or  a  desire  to  produce  a  more 
rapid  effect  than  can  be  obtained  through  absorption  from  the  mucous 
membranes.  For  instance,  should  it  be  necessary  to  get  the  heart  under 
the  influence  of  digitalis  within  a  few  hours,  an  injection  of  a  solution 
of  digitalinum  might  be  recommended.  But  it  must  be  remembered 
that  the  toxic  effects  manifest  themselves  more  rapidly  by  that  mode  of 
administration,  although  their  disappearance  is  also  proportionately  rapid. 

Digitoxin  has  also  been  used  t  both  for  administration  by  the  mouth 
and  per  rectum.  Unverricht  has  reported  some  cases  in  detail;}  he  has 
never  seen  any  bad  results  from  the  remedy,  and  has  practically  given 
up  the  use  of  the  crude  drug.  I  myself  have  repeatedly  used  the 
remedy  to  good  advantage,  but  so  far  my  experience  has  not  been  ex- 
tensive. 

There  is  no  doubt  that  we  are  approaching  the  time  when  only  the 
pure  active  principle,  not  only  of  digitalis,  but  of  other  plants  as  well, 
will  be  used  in  medicine;  but  before  they  can  be  recommended  to  the 
physician,  their  effect  on  every  conceivable  variety  of  cardiac  disturbance 
must  be  determined  by  extensive  clinical  experience.  At  present  there 
is  always  danger  that,  by  giving  a  remedy  the  action  of  which  is  not 
accurately  known,  either  harm  may  be  done  or,  supposing  the  remedy 
to  be  free  from  danger,  at  least  precious  time  may  be  lost  by  not  at  once 
giving  the  patient  one  of  the  approved  and  well-known  preparations. 
And  who  would  care  to  assume  the  responsibility  of  doing  either  of  these 
things?  [In  the  effort  to  get  a  preparation  free  from  the  disadvantages 
of  others,  Cloetta  produced  a  substance  which  he  named  digalen,  appa- 
rently chemically  identical  with  crystalline  digitoxin,  but  more  soluble 
in  water  and  less  irritating  to  the  tissues  than  any  other  preparation. 
It  is  sold  in  sterile  glycerin  solution,  1  c.c.  of  which  contains  0.3  mg.  of 
digalen  (digitoxin  solubile),  having  an  effect  equivalent  to  0.1  gm.  of 
digitalis  leaves.  My  own  brief  experience  has  not  led  me  to  believe  it 
has  decided  advantages  over  older  preparations.  || — Ed.] 

What  then  is  the  effect  of  digitalis  on  the  circulationf  When  the  heart 
is  weak,  the  administration  of  digitalis  increases  the  flow  of  blood  in  the 
arteries  at  the  expense  of  the  venous  blood;  hence  the  arterial  pressure 
rises  and  the  venous  pressure  falls.    This  effect  is  produced  because  the 
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"Wiener  kiinische  Wochenschrift,"  1896,  No.  42. 

5  Unverricht,  "Congress  fQr  innere  Medicin,"  1899,  p.  312. 

11  See  Cloetta,  "MQnchener  medicinische  Wochenschrift  "  1904,  No.  33.  Kiliani 
has  recently  opposed  the  claims  of  Cloetta,  "MQnchener  medicinische  Wochenscrift." 
April  30,  1907. 
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contractions  of  the  ventricles  are  more  complete  and,  although  their 
number  at  the  same  time  diminishes,  they,  nevertheless,  propel  more 
blood  in  a  unit  of  time  from  the  veins  into  the  arteries,  so  that  the  velocity 
of  the  blood-stream  increases.  The  excretion  of  water  in  the  urine  is 
increased,  while  swelling  of  the  liver  and  edema  diminish.  These  things 
are  readUy  explidned  by  the  changes  that  take  place  in  the  circulation. 

A  question  which  has  always  occupied  the  attention  of  clinicians 
is  whether  the  substances  contained  in  digitalis  exert  a  direct  influence 
on  the  vessels  as  well  as  on  the  heart.  The  vasomotor  action,  if  it  exists 
at  all,  assuredly  plays  a  very  minor  r61e.  This  is  shown  by  the  very 
fact  that  the  digitalis  bodies  improve  the  function  of  diseased  hearts. 
If  their  action  was  chiefly  on  the  vessels,  they  would  only  tend  to  increase 
the  work  of  the  heart  and  would,  therefore,  injure  the  diseased  organ. 
This  alone  proves  that  the  vasomotor  action  is  at  best  exceedingly  slight. 
But  special  observations  on  this  point,  in  part  at  least,  yield  the  same 
result.*  It  is  true  that  other  authoritiesf  ascribe  to  the  digitalis  group  a 
direct  effect  on  the  muscular  tissue  of  the  blood-vessels.  If  they  really 
possess  that  property,  it  must  be  very  slight,  and  in  the  light  of  clinical 
experience  may  be  practically  disregarded.  It  might  be  objected  that, 
even  granting  the  vasomotor  action  of  digitalis,  it  might,  nevertheless, 
strengthen  the  heart  by  exercising  its  power  of  accommodation;  but 
in  view  of  the  notorious  insufficiency  of  a  feeble  heart  whenever  a  fresh 
demand  is  made  upon  it,  this  hardly  seems  likely. 

Clinical  experience,  therefore,  compels  us  to  assume  that  the  sub- 
stances contained  in  digitalis  influence  the  contractions  of  the  muscle 
and  render  them  more  complete.  The  change  in  the  character  of  the 
contractions,  which  become  slower  and  more  regular,  may  be  regarded 
as  coordinate  with  the  above-mentioned  (direct)  action  on  the  heart; 
for  the  retardation  and  greater  regularity,  like  the  more  complete  con- 
traction of  the  heart,  merely  indicate  that  the  conditions  have  returned 
to  the  normal — it  is  not  at  all  necessary  to  reduce  the  rate  below  the 
average  to  obtain  the  desired  effept,  provided  digitalis  is  used  cautiously. 
It  is  possible,  however,  that,  as  Traube  asserts,  the  rate  of  the  heart  is 
directly  influenced  by  the  action  of  digitalis, — whether  the  drug  attacks 
the  nervous  system  or  the  muscle, — and  the  central  stimulation  of  the 
vagus,  which  is  always  associated  with  a  rise  of  blood-pressure,  may 
also  have  something  to  do  with  it. 

Such  is  our  incomplete  conception  of  the  mode  of  action  of  digitalis 
derived  from  observation  of  heart  patients.  The  results  of  animal  ex- 
periments are  not  altogether  at  variance  with  this  conception,  as  the 
excellent  work  of  B6hm,t  for  example,  shows.  The  latter,  with  a  technic 
above  all  criticism,  observed  strengthening  of  the  contractions  of  the 
heart,  even  in  a  healthy  animal,  after  the  administration  of  digitalis 
and  digitalin. 

According  to  observationfi  made  in  Schmiedeberg's  laboratoiv,  helleborein 
increases  the  amount  of  blood  in  the  arteries  of  the  hesdthy  frog  and  mammals  by 
increasing  the  sjrstolic  output  without  augmenting  its  frequency.  The  quantity 
of  blood  expelled  by  one  systole  is  increased  in  a  healthy  and  normally  contracting 

*B6hm,  "Pfluger's  Archiv,"  vol.  v,  p.  153.  Williams,  "Archiv  ftir  experi- 
mentelle  Pathologic,"  vol.  xiii,  p.  9.     Scluniedeberg,  "Arzneimittellehre." 

tB.  Kobert,  "Archiv  ftir  experimentelle  Pathologic,"  vol.  xxii,  p.  102. 

t  BOhm,  "Pfltiger's  Archiv,"  vol.  v,  p.  153.     See  also  Zerner,  "  Wiener  klinische 
Wochenschrift,"  1891,  No.  37  and  38  (von  Basch's  laboratory).     Fraenkel,  "Archiv 
fttr  experimentelle  Pathologic,"  vol.  xl,  p.  40  (von  Schroeder's  institute). 
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heart  by  the  reduction  of  the  tonus  during  diastole.  For,  if  the  tone  is  diminished, 
the  hesjrt  becomes  more  completely  fiUed  with  blood;  and  since  the  muscle  con- 
tracts normally  and  is,  therefore,  able  to  propel  larger  quantities  of  blood  into  the 
arteries  without  any  difficulty,  the  quantity  of  blood  and  the  blood-pressure  in  the 
latter  rise.  Williams*  is,  therefore,  quite  right  when  he  describes  this  effect  as  a 
''greater  utilization  of  the  force  of  the  heart." 

The  so-called  ''absolute  strength  of  the  heart/'  as  defined  by  Schmiedeberg 
and  his  pupils  and  determined  by  the  maximal  pressure  which  the  muscle  is  able 
to  overcome,  Williams  found  in  the  frog  was  not  affected  by  digitalin  and  hellebo- 
rein,  while  B6hm  saw  an  increase  in  the  same  animal. 

If,  as  we  have  seen,  digitalis  in  many  cases  increases  the  quantity  of  blood  in 
the  arteries  even  when  the  heart  is  diseased  and,  therefore,  less  capable  of  doin^  its 
work,  its  action  must  evidently  consist,  in  the  main,  in  improving  the  contractions 
of  the  heart.  A  mere  alteration  of  the  diastolic  tone,  which  increases  the  quantity 
of  blood  in  a  cavity,  would  have  no  effect  in  this  direction  for  it  is  not,  as  in  a  nealthy 
organ,  necessarily  associated  with  an  increase  in  the  systolic  output.  On  the  con- 
trary, it  is  possible  that  the  latter  is  diminished,  since  the  disability  of  the  diseased 
muscle  manifests  itself  chiefly  by  the  fact  that  it  is  unable  to  propel  the  usual  quan- 
tity of  blood.     What,  then,  is  to  be  gained  by  still  more  increasing  the  load? 

Hence  in  the  case  of  disease  we  must  assume  that  an  improvement  always 
takes  place  in  the  contractility  of  the  heart,  and,  this  being  admitted,  the  view 
naturally  suggests  itself  that  in  a  healthy  organ  also  the  improvement  in  the  circu- 
lation is  due  to  a  direct  influence  on  the  contractions,  that  is  to  say,  the  strength 
of  the  heart  is  more  fully  utilized.  The  alteration  of  the  diastolic  tone  and  the 
increase  in  the  contractions  may  be  regarded  as  coordinate  processes.  BOhm,  it 
must  be  remembered,  directly  demonstrated  that  the  contractile  force  is  increased 
in  the  healthy  organ  also.  Rombergf  is  unc^uestionably  right  when  he  says  that  a 
diseased  heart  under  the  influence  of  digitalis  learns  to  use  a  larger  portion  of  its 
reserve  strength  than  during  insufficiency. 

I  purposely  refrain  from  entering  more  deeply  into  a  physiologic  discussion  of 
the  action  of  digitalis  on  the  heart  and  its  individual  portions,  because  our  views 
on  the  subject  are  by  no  means  clear  and  because  fresh  investigations  by  means  of 
newly  devised  methods  have  recently  been  carried  out,  and  whue  they  offer  a  most 
favorable  prospect  for  the  future,  these  investigations  are  not  as  yet  concluded 
(I  refer,  for  example,  to  O.  Frank  and  Jaoobjt).  Many  thin^  can,  of  course,  be 
decided  only  by  experimentation.  But  it  is  to  be  hopea  that  in  the  future  animal 
experimentation  to  determine  such  Questions  as  the  action  of  digitalis  will  not  be 
confined  to  healthy  animals,  but  will  include  diseased  animals  as  well.  It  is  pro- 
bable that  data  obtained  from  the  latter  wiU  yield  much  more  valuable  information, 
and  it  m&v  quite  possibly  be  found  that  some  phenomena  can  only  be  observea 
in  diseased  animals.  Pernaps  also  differences  exist  between  the  action  of  the  sub- 
stances derived  from  hellebore  and  the  substances  contained  in  digitalis,  and  these 
differences  may  possibly  explain  the  lack  of  uniformity  in  the  results  obtained. 

The  above-mentioned  changes  in  the  cardiac  action  (the  increase  of 
the  contractile  power  of  the  heart  muscle)  represent  the  first  effects  of 
the  substances  contained  in  digitalis.  When  given  in  large  doses,  they 
cause  a  further  rise  of  the  blood-pressure  with,  at  first,  a  pathologic 
retardation  of  the  pulse,  followed  by  irregularity  and  inequality  of  the 
beat,  later  enormous  acceleration  of  the  pulse  and  a  fall  of  the  arterial 
tension,  and,  finally,  arrest  of  the  heart  in  systole.  In  these  severe 
grades  of  intoxication  other  organs  are  also  affected,  especially  the 
stomach,  and  nausea  and  vomiting  occur.  [For  reference  to  recent 
studies  in  digitalis  poisoning  see  the  report  of  A.  W.  Hewlett,  "Digitalis 
Heart  Block,"  "Journal  of  the  American  Medical  Association,"  January 
6,  1907,  p.  47.— Ed.] 

♦Williams,  "Archiv  ftir  experimentelle  Pathologic,"  vol.  xiii,  p.  1.  Dreser, 
ibid.y  vol.  xxiv,  p.  221.  Compels  the  interesting  experiments  of  Romberg,  "Herz- 
krankheiten,"  p.  868. 

t  Romberg,  "Herzkrankheiten,"  p.  868. 

tComp^e  O.  Frank,  "Sitzungsberichte  der  Gesellschaft  flkr  Morphologic  and 
Physiolo^e  in  Mtinchen,"  1897,  vol.  ii,  p.  1.  Jacob j,  "Archiv  filr  experimentelle 
Pathologic,"  vol.  xliv,  p.  368.     Wegbauer,  ibid.y  p.  434. 
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These  effects  of  the  drug  should  all  be  avoided  when  digitalis  is  given 
in  therapeutic  doses,  although  they  occasionally  manifest  themselves 
against  the  physician's  wish,  probably  because  the  toxic  substances 
sometimes  accumulate  in  the  body.  They  evidently  accumulate  because 
of  their  low  solubility  and  resulting  peculiar  conditions  of  absorption 
and  excretion.  That  this  is  more  likely  to  occur  in  disease  of  the  cir- 
culation than  imder  normal  conditions  is  self-evident,  and  the  fact  that 
much  larger  doses  of  digitalis  are  tolerated  in  health  than  in  disease 
probably  has  the  same  explanation.  There  is  one  other  point:  digitalis, 
like  a  number  of  other  substances,  such  as  the  antipyretics,  for  example^ 
meets  a  greater  sensibility  in  diseased  than  in  healthy  organs. 

The  physiology  of  the  severe  toxic  symptoms  has  been  repeatedly  investisated. 
Since  Traube  made  his  famous  animal  experiments,  investigators  have  been  chiefly 
occupied  in  studying  the  relation  of  the  pneumogastric  nerve  to  the  intoxication. 
We  can  only  expect  Tight  on  this  subject  from  an  entirely  new  series  of  experiments, 
performed  with  much  more  care  than  has  previously  been  the  case  and  in  connection 
with  clinical  observation.  But  this  question  is,  perhaps,  by  no  means  so  vital  as 
is  sometimes  supposed;  it  does  not  affect  the  size  of  the  therapeutic  dose  of  the 
remedy.  It  is  quite  true  that  the  pulse-rate  falls  after  the  use  of  digitalis;  that  is. 
it  approaches  the  normal  in  proportion  as  the  force  of  the  heart  is  restored.  Ana 
it  is  not  surprising  that  the  rate  falls  slightly  below  the  normal;  the  phenomenon 
is  observed  after  any  pronounced  efifect  on  the  heart.  Severe  degrees  of  retardation 
undoubtedly  indicate  a  more  profound  intoxication  than  it  is  desirable  to  produce 
in  man;  but  in  disease  such  a  state  of  intoxication  is  sometimes  brought  about  by 
small  doses,  probably  because  the  sensitiveness  of  the  organ  is  increased  in  disease. 

The  indication  for  the  administraiion  of  digitalis  at  the  bedside  is  the 
existence  of  profound  cardiac  insufficiency,  the  second  stage  of  the  con- 
dition in  the  sense  explained  on  p.  494.  The  sjnmptoms  have  already 
been  given.  They  consist,  in  the  main,  of  abnormal  blood  distribution, 
diminution  in  the  quantity  of  the  blood,  lowering  of  the  tension  in  the 
arteries,  and  passive  congestion  in  the  veins.  These  phenomena  are 
due  to  peculiar  functional  disturbances  of  the  heart  muscle,  which  in 
many  cases  are  capable  of  recovery.  Sometimes  rest  in  bed  alone  suffices 
to  restore  the  muscle  to  its  normal  condition.  In  other  cases  this  cannot 
be  achieved  without  digitalis.  These  two  facts  are  important  and  affect 
our  judgment  not  only  of  digitalis,  but  of  the  nature  of  cardiac  insuffi- 
ciency also. 

If  a  patient  of  this  kind  is  given  digitalis,  a  change  soon  takes  place 
in  his  condition — at  least  in  favorable  cases;  that  is,  after  an  interval^ 
which  varies  according  to  circumstances,  but  is  rarely  more  than  twenty- 
four  to  thirty-six  hours.  The  dyspnea  and  the  oppression  in  the  hepatic 
region  diminish;  the  action  of  the  heart  becomes  slower,  more  regular, 
and  uniform;  the  quantity  of  urine  increases;  the  edema  begins  to  sub- 
side; and  at  night  the  patient  regains  his  rest.  All  these  symptoms 
continue  to  improve  during  the  days  immediately  following,  and  so  the 
patient's  condition  gradually  returns  to  that  of  compensation.  How 
long  this  lasts  depends  on  a  variety  of  circumstances:  the  severity  of 
the  disturbance,  the  gravity  and  stage  of  the  cardiac  lesion,  and  the 
efficacy  of  the  preparation  administered. 

The  success  of  digitalis  depends,  above  all,  on  the  state  of  the  heart 
muscle,  the  most  important  condition  being  that  it  shall  contain  a  suffi- 
cient quantity  of  substance  capable  of  regeneration  that  can  be  in- 
fluenced by  the  peculiar  action  of  the  remedy.  The  causes  in  a  case  of 
the  disease  practically  do  not  affect  the  action  of  digitalis  at  all,  except  In 
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SO  fax  as  the  heart  muscle  is  in  some  conditions  more  severely  affected 
than  in  others. 

A  question  of  great  importance  and  one  that  has  been  frequently 
investigated  is  the  comparative  efficacy  of  digitalis  in  the  different  farms 
of  cardiac  disease.  We  b^an  with  its  classic  and  most  frequent  form, 
insufficiency  of  both  ventricles,  such  as  occurs  in  disturbance  of  com- 
pensation from  mitral  disease  or  in  those  processes  which  involve  the 
entire  heart.  Unquestionably,  the  effect  of  digitalis  is  most  certain 
in  this  form,  provided  the  necessary  conditions  for  its  successful  action 
are  present  in  the  myocardium.  Also  the  drug  is,  at  least,  of  great 
use  in  many  cases  in  which  the  cardiac  insufficiency  is  due  predomi- 
nantly, if  not  exclusively,  to  weakness  of  the  right  ventricle,  as,  for  exam- 
ple, in  pulmonary  emphysema.  It  is  true  that  this  latter  statement 
has  been  called  in  question  by  a  most  weighty  authority.* 

But  the  question  probably  assumes  a  somewhat  different  aspect  in 
cases  of  insufficiency  involving  chiefly  the  left  heart. 

From  time  immemorial  the  prognosis  of  compensatory  disturbance  from  aortic 
diseafle  has  been  considered  much  more  unfavorable  than  that  of  a  mitral  lesion. 
I  am  not  called  .upon  to  enter  into  this  question.  There  is  no  doubt  that  in  these 
cases  the  injury  from  the  dilatation  of  the  arteries  and  the  peculiar  anomalies  that 
obtain  during  diastole  play  an  important  part.  When  it  is  rememb^^  that  di{^- 
talis  is  often  very  unreliable  in  its  action  in  cases  of  heart  weakness  due  to  arteno- 
sclerosis,  the  thought  naturally  suggests  itself  that  the  drug  is  less  efficient  when  the 
left  ventricle  is  chiefly  involved.  This  opinion  has,  in  fact,  freauently  found  ex- 
pression. As  was  shown  on  p.  494,  insufficiency  of  the  left  side  of  the  heart  not  in- 
frequently produces  a  characteristic  picture:  edema  and  hepatic  congestion  are 
not  marked,  but  the  dyspnea  is  a  pronounced  symptom  and,  as  the  weakness  of  the 
left  ventricle  is  often  only  relative  because  the  condition  is  partly  due  to  arterial 
processes,  the  blood-pressure  may  be  high. 

In  such  cases  digitalis,  as  a  matter  of  fact,  sometimes  fails.  But  even  in  these 
eases  I  have  occasionally  seen  brilliant  results,  and  other  phvsicians  even  go  so  far 
as  to  maintain  that  digitalis  is  of  little  or  no  use  when  the  right  heart  is  chiefly  affected. 
The  question  whether  the  effect  of  the  drug  is  less  when  individual  portions  of  the 
heart  are  insufficient  than  when  the  contractions  of  the  entire  heart  are  inadequate 
is  by  no  means  decided.  It  is  a  very  complicated  question,  and  in  approaching 
it  in  this  way  the  greatest  caution  is  necessary.  In  tnese  cases  of  relative  insuffi- 
ciency of  the  left  heart  with  high  arterial  pressure  it  is  probably  true,  as  Romberg 
quite  correctly  points  out,  that  the  heart,  even  when  it  exerts  itself  to  the  utmost, 
has  reached  the  limit  of  its  functional  power.  Besides,  it  must  be  remembered 
how  often  digitalis  is  improperly  employed  and  the  failure  ascribed  to  the  condi- 
tion of  the  heart,  although  the  fault  lies  in  the  way  the  drug  was  prescribed.  To 
decide  this  point  we  need  a  large  number  of  accurate  observations  instead  of  such 
indefinite  data  as  the  ''impression"  or  the  "personal  experience"  of  individual 
physicians. 

It  is,  nevertheless,  interesting  that  such  a  physician  and  observer 
as  Traube  f  advises  that,  in  cases  of  high  arterial  pressure,  digitalis  be 
reinforced  by  the  preliminary  exhibition  of  laxatives. 

He  insisted  on  the  curative  effect  of  diminishing  the  quantity  of  blood.  Perhaps 
he  was  right;  but  it  is  also  possible  that  the  dilatation  of  the  intestinal  vessels  pre- 
vents too  great  a  rise  of  the  blood-pressure,  so  that  the  digitalis  is  able  to  exert  a 
powerful  influence  on  the  heart  muscle. 

In  these  conditions  of  cardiac  insufficiency  with  comparatively  good 
tension  in  the  pulse — ^mostly  cases  of  arteriosclerosis  and  contracted 
kidney — some  hesitation  is  felt  in  giving  digitalis  on  the  ground  that  a 
still  further  increase  of  the  pressure  might  cause  cerebral  hemorrhage. 

♦Leyden,  "Deutsche  medicinische  Wochenschrift,"  1881,  No.  25,  26. 
t  Traube,  "Beitrage,"  vol.  iii,  p.  165. 
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It  would,  of  course,  be  desirable  to  know  whether  cerebral  hemorrhage 
really  does  occur  with  any  frequency  after  the  use  of  digitalis.  Occa- 
sionally I  myself  have  seen  it  occur.  But  further  observations  are 
necessary  on  this  point. 

There  is  no  doubt  that  occasionally  there  may  be  some  danger  in 
improving  the  action  of  the  heart.  Hemorrhages  have  just  been  referred 
to.  In  addition,  clots  may  be  swept  out  of  the  heart  and  thus  favor 
the  production  of  emboli.  If  there  is  any  reason  to  fear  such  a  com- 
plication, the  probabilities  of  the  case  must  be  weighed  and  due  caution 
observed  accordingly.  Only  I  wish  to  warn  the  reader  not  to  allow  a 
groundless  fear  to  prevent  him  from  treating  a  case  of  cardiac  insufficiency 
with  digitalis.  It  is  not  an  indifferent  remedy.  The  physician's  art  con- 
sists in  carefully  weighing  and  correctly  judging  all  the  conditions  present 
in  an  individual  case.  Arteriosclerosis  is  the  source  of  many  problems, 
and  one  of  them  is  the  use  of  digitalis.  Next  to  the  cases  with  high 
pressure  are  those  with  slow  pulse,  which,  as  we  shall  see,  are  usually 
cases  of  coronary  sclerosis.  Retardation  of  the  pulse  has  been  assigned 
such  an  important  place  in  the  action  of  digitalis,  chiefly,  no  doubt, 
since  Traube's  work  was  published,  that  the  question  has  been  seriously 
asked  whether  in  patients  who,  on  account  of  their  disease,  already  have 
an  abnormally  slow  pulse,  the  remedy  may  be  used  at  all.  But  the 
causes  of  this  bradycardia  are  obscure  and  we  know  nothing  positive 
about  the  connection  between  the  action  of  digitalis  and  retardation 
of  the  pulse;  hence  we  may  as  well  dispense  with  theoretic  discussion. 
Experience  at  the  bedside  undoubtedly  teaches  us  that  digitalis  is  useful 
in  these  cases  also  when  the  arteries  are  insufficiently  filled  and  the  veins 
are  engorged.    In  fact,  the  pulse-rate  sometimes  increases  in  such  cases.^ 

A  few  words  about  the  corUraindicaiions  to  the  adminiatraiion  of 
digitalis  appear  to  be  necessary.  Unfortunately,  digitalis  has  the  un- 
desirable property  of  producing  disturbances  of  the  gastric  function, 
in  some  individuals  even  early  in  its  administration.  But  occasionally 
a  patient  suffering  from  cardiac  weakness  and  gastric  symptoms  is  found 
who  experiences  relief  from  the  latter  when  he  is  put  on  digitalis;  that 
is,  the  function  of  the  abdominal  organ  improves  as  the  circulation  is 
related.  Other  patients  with  gastric  symptoms,  however,  especially 
when  they  occur  independently  of  the  circulatory  disturbance,  refuse 
to  tolerate  the  remedy  from  the  beginning;  others  have  to  give  up  its 
use  after  taking  the  smallest  dose:  nausea,  belching,  and  vomiting  of 
such  severity  develop  that  the  physician  is  forced,  at  least,  to  cease 
giving  the  remedy  by  the  stomach.  Occasionally  enemata  with  digitalis 
are  tolerated  for  some  little  time  longer,  but  not  infrequently  even  enemata 
prove  imbearable. 

Dangerous  rise  of  the  blood-pressure  has  already  been  discussed. 

It  is  not  a  good  sign  when  the  administration  of  digitalis  is  not  fol- 
lowed by  an  improvement  of  the  symptoms;  but  it  would  be  wrong  to 
lose  courage  at  once.  In  such  cases  the  remedy  should  be  discontinued 
for  a  time, — two  weeks,  according  to  the  present  custom,  although  the 
experienced  physician  will  often  find  it  necessary  to  change  the  length 
of  this  interval  according  to  circumstances, — after  which  the  administra^ 
tion  is  resumed,  if  necessary,  in  a  different  form. 

It  may  also  be  well  to  get  the  drug  from  a  different  source,  bearing  in 
mind  the  conditions  detailed  above  as  influencing  the  efficacy  of  the  drug. 

*  Compare  Penzoldt,  ''MQnchener  medicinische  Wochenschrift/'  1886,  No.  42. 
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K  the  remedy  again  proves  ineffective,  a  third  attempt  should  cer- 
tainly be  made.  No  general  rules  can  be  given  as  to  how  long  an  interval 
should  be  allowed  to  elapse  between  attempts  nor  about  the  size  of  the 
dose;  in  fact,  it  cannot  be  repeated  too  often  that  the  successful  use  of 
digitalis  cannot  be  learned  from  books. 

If  the  remedy  fails  after  the  third  attempt,  the  outlook,  in  the  great 
majority  of  cases,  is  unfavorable.  As  we  have  seen,  the  virtue  of  digi- 
talis resides  in  a  peculiar  effect  it  has  on  the  heart  muscle,  the  nature  of 
which  is  still  unknown.  If  the  drug  fails  to  produce  this  effect,  the 
muscle  has  probably  ceased  to  be  susceptible  of  improvement  because 
of  some  irreparable  structural  disturbance.  This  is  the  universal  tacit 
opinion,  and  is  probably  correct.  But  we  have  no  conception  whatever 
what  the  nature  of  a  structural  change  in  the  muscle  can  be  that  renders 
it  susceptible  or  non-susceptible  to  digitalis. 

Two  things  must  be  remembered:  the  first  is  never  to  discontinue 
the  administration  of  digitalis  until  the  appropriate  doses  really  have 
been  utilized.  It  not  infrequently  happens  that  the  suitable  or  necessary 
dose  is  found  to  be  larger  than  the  generally  accepted  dose  of  the  drug. 

Traube  *  noticed  this  and  I  myself  have  had  the  same  experience. 
In  chronic  cases  in  which  the  remedy  has  been  given  repeatedly  there 
is  no  doubt  that  enormous  doses  are  sometimes  of  use.  I  prefer  not  to 
give  any  special  directions;  we  must  feel  our  way  cautiously,  keeping 
a  close  watch  on  the  pulse. 

Not  infrequently  good  results  are  obtained  by  giving  the  remedy 
in  small  doses  for  a  considerable  length  of  time.  This  method  is  particu- 
larly useful  in  patients  with  weakness  of  the  cardiac  muscle,  such  as 
results  from  myocarditis,  for  example.f 

Although  the  prospect  of  influencing  the  heart  muscle  by  medicinal 
agents  is,  generally  speaking,  unfavorable  if  the  administration  of  digi- 
talis is  without  effect,  the  other  heart  stimulants  presently  to  be  men- 
tioned may,  nevertheless,  be  tried.  There  are  said  to  be  isolated  cases 
in  which  these  drugs  have  been  known  to  produce  a  result  after  digitalis 
had  failed,  but  it  would  be  a  mistake,  in  my  opinion,  to  give  them  before 
tiying  digitalis,  for  in  the  great  majority  of  cases  the  latter  drug  is  our 
most  effective  weapon. 

In  administering  digiialia  we  usually  employ  the  crude  preparation 
and  have  to  accept  its  undeniable  disadvantages  because  these  disad- 
vantages, in  my  opinion,  at  least  for  the  present,  represent  the  lesser 
evil  as  compared  with  the  employment  of  the  active  agents.  The  leaves 
of  digitalis  are  given  in  the  form  of  an  infusion  (I  :  150  without  dilution). 
A  tablespoonful  of  this  is  given  every  two  hours  until  one  gram  (15  gr.) 
has  been  used  during  the  day.  From  two  to  three  grams  are  given  in 
this  way.  It  is  now  often  preferred  to  give  the  leaves  themselves  in 
the  form  of  powder,  0.1  gm.  (1 J  gr.)  or  20  pills  to  the  gram  (}  gr.  to  each 
pill),  two  powders  or  pills  making  a  dose.  Generally  speaking,  adults 
should  receive  I  decigram  ([O.I  gm. — Ed.]  IJ  gr.)  of  the  powdered  leaves 
three  or  four  times  a  day. 

The  infusion  is  weaker  than  the  pure  drug;  on  that  point  opinions 
are  unanimous.    Accordingly,  it  is  also  less  toxic;    it  is  better  borne 

♦Traube,  "Beitrage,"  vol.  iii,  p.  220. 

t  Compare  Naunyn, " Therapie  der  Gegenwart /'  May,  1899.  Groedel , " Congreea 
fOr  innere  Medicin,"  1899,  p.  283.  Kussmaul,  ''Therapie  der  Gegenwart/'  January, 
February,  1900. 
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by  many  patients  than  the  drug  itself.  The  infusion  is  rather  apt  to 
undergo  decomposition. 

Older  children  may  be  cautiously  given  the  same  doses  as  adults;  for 
younger  children  (between  six  and  ten  years  of  age)  the  dose  should  be 
one-half,  and  in  still  smaller  children  one-quarter.  The  effect  of  the 
drug  must  be  carefully  noted,  and  we  must  always  feel  our  way;  for  it 
is  impossible  to  determine  the  size  of  the  necessary  dose  beforehand 
in  every  individual  case. 

There  are,  however,  certain  guides  that  will  assist  one  in  administer- 
ing the  remedy.  The  individual  phyBician's  habit  and  personal  pref- 
erence, of  course,  play  an  important  r61e.  The  man  who  knows  how 
to  handle  digitalis — which  is  the  essential  thing — will  get  results  no 
matter  what  method  he  uses. 

Personally,  I  use  the  infusion  when  I  wish  to  produce  a  slow  and  feeble 
effect,  and  give  pills  or  powder  when  a  definite,  powerful  effect  is  to  be 
produced  rapidly. 

When  the  drug  is  to  be  given  for  some  time  in  small  doses,  the  above- 
mentioned  pills  or  the  tincture  of  digitalis  may  be  employed;  of  the 
latter,  25  [U.  S.  P.,  33  minims — Ed.]  drops  correspond  to  0.2  gm. 
(3  gr.)  of  digitalis.  I  have  had  no  personal  experience  with  the  prepa- 
ration [which  best  represents  the  crude  drug,  since  some  of  the  active 
principles,  like  digitoxin,  are  insoluble  in  water — Ed.],  but  I  know 
eminent  physicians  who  like  to  prescribe  it  with  iron,  for  example.  Many 
patients  do  not  tolerate  the  administration  of  digitalis  by  the  mouth; 
it  frequently  produces  gastric  symptoms,  which  are  probably  due  in  part 
to  the  local  action  of  the  drug.  In  such  cases  digitalis  sometimes  has 
to  be  administered  per  rectum,  somewhat  after  the  following  formula: 

Q.     Infus.  digitalis 2-150  c.c.  (30  gr.-5  oz.) 

Muc.  acaciie 50  c.c.  (2  oz.). 

M.  To  be  divided  into  four  doses,  of  which  two  or  three  are  administered  in  a 
day. 

Bdhringer's  preparation  of  digitalinum  venim  may  be  used.  Romberg  recom- 
mends hypodermic  injections  of  1  to  3  mg.  (^  to  ff^r  gr.)  in  a  10  per  cent,  alcoholic 
solution,  two  or  three  times  a  day.  The  injections  are  painful.  The  needle  must 
be  introduced  deep  into  the  corium  or  into  the  muscle. 

Digitoxin  in  the  form  of  Merck's  tablets,  0.25  me.  (7^  gr.),  is  also  recommended. 
The  dose  is  one  tablet  two  to  four  times  a  day,  and  from  eight  to  twelve  tablets  in 
all.    I  have  also  seen  good  results  from  these  tablets. 

Numerous  drugs  have  been  recommended  as  svbstitiUes  for  digitaliSf 
and  it  cannot  be  denied  that  in  a  purely  pharmacologic  sense,  a  number 
of  substances  closely  resemble  in  their  action  the  constituents  of  digi- 
talis. I  consider  it  my  duty,  however,  to  insist  once  more  that  not  one 
of  these  remedies  is  in  any  sense  capable  of  taking  the  place  of  digitalis. 

Among  these  substances  strophanthin  is  undoubtedly  the  one  that 
is  most  commonly  used.  It  is  employed  almost  exclusively  in  the  form 
of  tincture  of  strophanthus,  an  alcoholic  extract  of  the  seeds  of  Stro- 
phanthua  hisfidus  [an  inferior  variety,  not  admitted  in  U.  S.  P. — Ed.] 
and  Strophariihus  Kombi  [1  to  10 — Ed.]. 

The  dose  of  the  tincture  is  five  to  ten  [minims,  U.  S.  P. — Ed.]  drops 
three  times  a  day,  and  two  to  five  drops  for  children.  The  remedy 
should  be  regarded  rather  as  complementary  to  digitalis  than  as  a  sub- 
stitute for  it.  I  would  use  it  instead  of  digitalis  only  in  case  the  latter 
were  not  well  borne  on  account  of  severe  gastric  symptoms.    But  when 
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it  is  desired  to  keep  the  heart  slightly  under  the  influence  of  digitalis 
for  some  time,  tincture  of  strophanthus  is  a  very  excellent  preparation. 
The  remedy  is  also  eminently  suitable  in  the  numerous  cases  in  which, 
while  there  is  no  strict  indication  for  the  administration  of  digitalis, 
that  is,  no  cardiac  weakness  in  the  sense  used  above,  the  physician, 
nevertheless,  wishes  to  improve  the  strength  of  the  heart  either  for  a 
certain  definite  purpose  or  to  enable  it  to  bear  up  against  certain  strains. 
In  these  cases  excellent  results  are  sometimes  seen  to  follow  the  adminis- 
tration of  strophanthin.  Pharmacologically  the  effect  of  the  drug  on 
the  heart  is  exactly  the  same  as  that  of  digitalis,  that  is,  it  increases  the 
function  of  the  ventricular  muscle.* 

Occasionally,  although  it  is  true  very  rarely,  tincture  of  strophanthus 
causes  nausea,  vomiting,  and  diarrhea.  When  these  sjrmptoms  appear, 
the  drug  must  be  withdrawn. 

[A.  Fraenkel's  claim  that  J  to  1  mg.  of  Boehringer's  strophanthin  will 
bring  on  digitalis  effects  in  a  few  minutes  deserves  further  investigation.! 
Strophanthin,  like  digalen,  is  well  adapted  to  intravenous  injections. 
Both  preparations  are  put  up  in  sterile  tubes  suitable  for  a  single  dose 
each.  In  severe  cases  of  heart  weakness  they  deserve  thorough  clinical 
study.J — Ed.] 

The  remaining  ''substitutes"  for  digitalis,  for  example,  adonis  ver- 
nalis  [not  official,  U.  S.  P. — Ed.],  convallaria,  spartein,  sciJla,  can  prac- 
tically never  be  expected  to  produce  a  better  result  than  digitalis.  Per- 
sonally, I  have  had  experience  only  with  infusum  adonidis  vemalis, 
1  :  15.  This  has  sometimes  worked  as  well  as  digitalis,  but  never  better. 
[Strychnin  is  used  to  a  very  wide  extent  in  all  forms  of  heart  disease, 
but  without  sufficient  pharmacologic  warrant.  Whether  the  drug  acts 
as  a  general  or  vasomotor  stimulant  or,  as  Cabot  intimates,  chiefly  by 
suggestion,  should  be  determined  by  careful  investigation. — Ed.] 

Diminution  of  the  velocity  of  the  blood  and  simple  cardiac  weakness 
are  not  to  be  regarded  offhand  as  identical.  That  the  vessels  are  largely 
concerned  in  the  production  of  circulatory  disturbances  is  in  itself  prob- 
able, and  had  been  surmised  even  before  Rombei^'s  investigations 
established  the  proposition  on  a  firm  basis.  Previously  it  unconsciously 
influenced  methods  of  treatment,  and  many  conditions  of  enfeebled 
circulation  weite  treated  with  measures  which,  as  later  investigations 
show,  not  only  stimulated  the  heart,  but,  indeed,  predominantly  affected 
the  blood-vessels.  Most  of  these  measures  appear  to  influence  heart 
and  vessels  at  the  same  time,  and  in  this  respect  resemble  nerve  stimuli,  § 
which  formerly  were  believed  to  act  exclusively  on  the  blood-vessels. 
As  yet  we  have  no  accurate  knowledge  that  would  enable  us  to  determine 
how  much  of  the  alteration  in  the  circulation  ought  to  be  attributed 
to  the  heart  and  how  much  to  the  blood-vessels. 

It  appears,  therefore,  that  the  conditions  we  have  to  deal  with  in 
using  the  substances  presently  to  be  mentioned  are  quite  different  from 
the  conditions  present  when  drugs  of  the  digitalis  group  are  employed. 
Contraction  of  the  vessels  forms  at  most  an  insignificant  part  of  the  action 
of  the  latter,  and  for  that  reason  the  increase  effected  in  the  work  of  the 

♦Popper,  "Zeitschrift  filr  klinische  Medicin,"  vol.  xvi,  p.  97  (von  Basch's  labo- 
ratory), t  "Congress  fQr  innere  Medicin,"  1906. 

t  See  Hatcher,  R.  A.,  "The  Pharmacology  of  Digitalis,"  "Journal  of  the  Amer- 
ican Medical  Association,"  December  22,  1906. 

§Grossmann,  ''Zeitschrift  fQr  klinische  Medicin,"  vol.  xxxii,  pp.  219  and  501. 
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heart  throws  much  less  strain  on  the  organ  than  if  the  peripheral  resis- 
tance were  increased  at  the  same  time.  But  if  the  diminution  of  the 
arterial  tension  is  chiefly  due  to  paralysis  of  the  vessels,  remedies  which 
combat  vascular  paralysis  are  evidently  the  most  suitable,  and  the 
incidental  stimulation  of  the  heart  is  merely  an  additional  advantage. 
On  the  other  hand,  if  the  diminished  quantity  of  blood  in  the  arteries 
is  due  chiefly  to  insufficient  contraction  of  the  heart,  a  drug  which  should 
chiefly  stimulate  the  vessels  would  make  it  more  difficult  for  the  heart 
to  empty  itself  and  would,  therefore,  be  not  only  unsuitable,  but  even 
directly  harmful. 

Cardiac  weakness  associated  with  paralysis  of  the  vessels  is  the  chief 
indication  for  the  use  of  cutaneous  irritation,  which  is  discussed  on  p. 
689,  as  this  procedure  chiefly  affects  the  vasomotor  tone.  The  best 
medicinal  agents  are  the  following: 

Camphor  is  administered  subcutaneously  or  by  intramuscular  in- 
jection whenever  its  inmiediate  effect  is  necessary;  in  all  other  cases 
it  may  be  given  by  the  mouth.  Hypodermic  injections  are  painful 
and,  therefore,  unpleasant  to  the  patient;  nevertheless,  the  method  is 
not  to  be  condemned,  and  in  many  cases  it  is  possible  that  the  pain  itself 
has  some  desirable  effect  on  the  circulation. 

For  administration  by  the  mouth  we  use  camphor©  trit«  [camphor 
pulverized  by  rubbing  with  a  little  alcohol — Ed.]  in  doses  of  0.2  gm. 
(3  gr.)  with  sugar,  three  or  four  times  a  day;  or  for  small  children,  in 
an  emulsion  with  mucilage  and  S5rrup,  as  in  the  following  formula: 

R.     Camphors  tritcB 1  gm.  (15  gr.) 

Muc.  acacise 

Syr.  simpl SlSl  20  c.c.  (5  dr.) 

Aquse  destill 150  c.c.  (5  oz.). 

M.     S.— -One  tablespoonful  every  two  hours. 

For  hjrpodermic  injection  we  use  the  10  per  cent,  officinal  [German — Ed.] 
camphorated  oil  or  a  10  to  20  per  cent,  solution  with  oil  and  ether  in  the 
proportion  of  6  : 4.  From  0.1  to  0.2  gm.  (1 J  to  3  gr.)  may  be  given  every 
quarter  or  half-hour,  and  numerous  doses  a  day.  If  the  injections  are 
given  too  frequently,  unpleasant  fat  emboli  in  the  lungs  occasionally 
result. 

Camphor  is  the  type  of  substances  that  improve  the  action  of  the  heart 
and  stimulate  the  vasomotor  centers;  hence  if  the  drug  is  to  benefit 
the  heart,  the  organ  must  still  possess  a  certain  degree  of  functional 
capacity.  This  remedy  not  infrequently  saves  life,  especially  in  cases 
in  which  the  circulatory  disturbance  is  of  brief  duration. 

The  relation  existing  between  the  action  of  the  drug  on  the  heart  and  that  on 
the  vessels  we  are  as  yet  unable  to  decide,  nor  is  this  the  proper,  place  to  discuss 
the  possible  theories.  As  a  matter  of  fact,  camphor  does  not  act  exclusively  on  the 
vasomotor  nerves,  so  that  the  drug  is  not  injurious  to  a  weak  heart;  at  least  I  have 
never  seen  it  do  any  harm,  nor  have  I  ever  seen  any  statements  to  that  effect. 

Husk  (moschus)  appears  to  resemble  camphor  in  its  action.  Per- 
sonally, I  have  not  had  much  experience  with  the  drug,  but  it  is  recom- 
mended by  excellent  physicians,  even  for  cases  in  which  all  other  remedies 
have  failed.  Musk  is  administered  internally  in  powders  of  0.05  to  0.2 
gm.  (1  to  3  gr.)  every  half-hour,  or  in  the  form  of  tincture  of  musk, 
30  to  40  drops,  frequently  repeated.  [Dose  of  U.  S.  P.  tincture,  i  to  2 
drams. — Ed.] 
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Ether  administered  subcutaneously  or  by  intramuscular  injection 
in  the  dose  of  1  gm.  (15  gr.)  (see  Camphor)  is  regarded  by  most  physi- 
cians as  a  heart  stimulant.  Its  action  is  rapid  and  transitory,  and  ether 
injections  are,  therefore,  used  chiefly  when  haste  is  necessary,  the  dose 
being  repeated  at  short  intervals. 

These  injections  are  painful  and  I  cannot  help  thinking  that  in  the  use  of  this 
drug  also  pain  has  something  to  do  with  the  effect  produced;  theoreticallv,  that 
would  explain  why  ether  raises  the  blood-pressure,  an  effect  which  is  otherwise 
difficult  to  understand. 

Wine  is  quite  generally  employed  in  the  acute  disturbances  of  the 
circulation  which  are  often  present  in  collapse.  The  strong  wines  of 
the  south,  champagne,  and  old  Rhine  wine,  as  well  as  cognac,  enjoy  a 
special  reputation  for  this  purpose.  In  common  with  most  physicians  I 
cannot  help  believing  that  the  ingestion  of  large  quantities  of  one  of  the 
above-mentioned  wines  increases  the  amount  of  blood  in  the  arteries 
and  raises  the  blood-pressure,  especially  in  acute  disturbances. 

The  mode  of  action,  however,  is  equally  obscure.  What  is  the  active 
substance — is  it  the  alcohol  or  is  it  the  other  ingredients  contained  in 
the  wine?  As  yet  it  has  been  impossible  to  demonstrate  that  alcohol 
has  any  definite  action  on  the  heart.  It  is  true  that  the  " exact"  obser- 
vations, so  far  as  I  can  see,  have  again  been  made  exclusively  on  individ- 
uals with  sound  hearts,  and,  as  I  have  frequently  remarked,  such 
observations  do  not  tell  us  anything  positive  about  the  behavior  of 
diseased  hearts.  In  Wendelstadt's  recent  paper*  from  Binz's  labora- 
tory, which  deals  with  other  aspects  of  the  action  of  wine,  it  is  shown 
that  the  effect  of  the  drug  on  healthy  tissue  is  quite  different  from  its 
effect  on  diseased  tissue. 

Large  doses  of  alcohol  cause  dilatation  of  the  vessels,  paralysis  of 
various  portions  of  the  central  nervous  system,  and  a  reduction  of  many 
of  the  functions  of  the  body.  Hence  even  a  patient  should  not  be  given 
too  much  wine,  say  several  bottles  of  strong  wine  a  day;  although  it  is 
true  that  many  patients  can  take  much  more  wine  without  any  bad 
results  than  persons  in  good  health. 

All  these  things  are  in  urgent  need  of  further  investigation.  For 
the  present  I  think  we  physicians  will  have  to  adhere  to  the  view  that 
the  above-mentioned  varieties  of  wine  improve  the  action  of  a  diseased 
heart  and  strengthen  the  circulation. 

Caffein  also  stimulates  the  heart  as  well  as  the  blood-vessels.  The- 
oretically, it  may,  therefore,  be  included  among  the  substances  of  this 
class  and  is  also  most  frequently  used  to  satisfy  the  indications,  which 
have  been  sufiiciently  explained.  Coffee  is  undoubtedly  the  best  form  in 
which  to  administer  caffein.  A  cup  of  coffee  prepared  from  20  gm.  (5 
dr.)  of  good  coffee-beans  corresponds  to  a  dose  of  0.1  to  0.2  gm.  (IJ  to  3 
gr.)  of  caffein.  Certain  double  salts  of  the  alkaloid  are  now  chiefly  used, 
especially  caffein  and  sodium  salicylate  or  sodium  benzoate,  containing 
respectively  50  per  cent,  and  45  per  cent,  of  caffein,  in  doses  of  0.25  to 
0.6  gm.  (4  to  10  gr.),  three  or  four  times  a  day,  either  by  the  mouth  or  by 
hjrpodermic  injection. 

I  would  advise  that  freshly  prepared  hot  coffee  be  given  the  preference 
over  ready-made  preparations,  and  recommend  its  use  especially  in  the 
treatment  of  acute  cases  of  failing  circulation. 

♦Wendelstadt,  "Pflager's  Archiv,"  Ixxvi,  p.  223. 
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CoflFee  has  also  been  recommended  for  cases  of  simple  cardiac  insuffi- 
ciency,* but  evidently  has  not  proved  particularly  useful;  at  least  it 
has  been  given  up  by  most  physicians,  which  is  not  surprising  in  view 
of  its  marked  action  on  the  vasomotor  nerves. 

None  but  the  most  important  and  well-tried  remedies  have  been 
mentioned  in  the  preceding  pages.  This  has  been  done  purposely, 
because  the  best  and  most  eminent  physicians  find  that  they  answer 
every  purpose,  and  there  is  no  doubt  that  constant  experimentation 
with  new  drugs,  unless  they  are  imquestionably  good,  does  the  patient 
no  good  and  distinctly  injures  the  physician.  Outside  of  Germany, 
particularly,  numerous  other  remedies  are  in  vogue;  but  I  purposely 
refrain  from  mentioning  them. 

Narcotic  Remedies  in  the  Treatment  of  Heart  Disease. — Quite 
frequently  narcotics  are  simply  indispensable  in  the  treatment  of  heart 
patients  because  they  alleviate  the  horrible  conditions  of  heart  pain, 
heart  fear,  and  dyspnea,  without  in  the  least  injuring  the  patient. 

The  object  in  giving  such  drugs,  therefore,  is  to  mitigate  the  patient's 
sufferings,  and  it  is  quite  immaterial  whether,  by  doing  so,  the  so-called 
causal  indication  can  be  satisfied  at  the  same  time  or  not.  A  certain 
length  of  time  often  has  to  elapse  before  the  causal  indication  can  be 
fulfilled — quite  often  we  are  altogether  powerless  to  satisfy  it — in  short, 
there  are  many  conditions  in  which  it  would  be  simply  inhuman  to 
abandon  the  patient  to  his  suffering. 

I  always  advise  that  morphin  be  tried  first.  It  is  the  most  reliable 
remedy  for  any  patient  who  is  not  used  to  it  and  is  willing  not  to  resist 
its  action.  It  is  also  relatively  free  from  danger  in  conditions  of  cardiac 
weakness,  because  it  does  not  influence  the  circulation  in  the  least  for 
a  long  time;  at  least,  the  dilatation  of  the  cutaneous  vessels  which  takes 
place  in  normal  individuals  does  not,  so  far  as  we  now  know,  materially 
affect  the  circulation  as  a  whole. 

Morphin  is  most  effective  when  given  by  h3rpodermic  injection.  The 
beginning  dose  should  never  be  more  than  1  eg.  [0.01  gm. — Ed.]  H  gr.), 
and  the  remedy  should  be  given  only  when  immediate  rehef  is  impera- 
tively demanded.  Morphin  injections  may  also  be  given  unhesitatingly 
in  any  temporary  disturbance  that  is  not  repeated  at  frequent  intervals; 
but  as  regards  chronic  conditions,  it  must  be  remembered  that  the  sword 
is  two-edged.  There  are  persons  who  cannot  resist  the  fascination  of 
morphin  injections,  either  because  they  suffer  terribly  without  them 
or  because  they  have  no  will  power.  In  such  cases  the  physician  often 
cannot  be  exonerated  from  the  charge  of  having  caused  morphinism. 
I  do  not  say  that  injections  of  morphin  must  be  avoided  altogether  in 
chronic,  frequently  recurring  conditions;  for  there  are  cases  of  angina 
pectoris  and  cardiac  asthma,  for  example,  in  which  the  drug  is  indis- 
pensable. But  whenever  it  is  at  aU  possible,  an  attempt  shauld  first  be 
made  to  give  morphin  internally  in  the  form  of  a  powder  or  of  a  solution 
with  aqua  amygdalarum,  be^nning  with  a  dose  of  1  eg.  (i  gr.).  The 
various  preparations  of  opium  are  also  given  for  this  purpose. 

Codein  (phosphate),  0.02  to  0.03  gm.  (J  to  i  gr.),  may  be  given  mstead 
of  morphin.  I  have  not  found  that  it  possesses  any  special  advantages 
for  our  puipose.  It  is  especially  adapted  to  cases  with  marked  irritative 
cough,  provided  an  immediate  subcutaneous  injection  of  morphin  is 
not  required. 

♦Riegel,  "Berliner  klinische  Wochenschrift,"  1894,  No.  19. 
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If,  in  patients  who  suffer  at  night,  insomnia  is  a  more  prominent 
symptom  than  dyspnea  and  anxiety,  a  dose  of  from  1  to  1 .5  gm.  ( 15  to  25  gr.) 
of  trional  or  sulphonal  in  the  evening  may  be  recommended  and  some- 
times proves  extremely  useful  in  combination  with  morphin.  With 
regard  to  the  other  substances  of  the  alcoholic  group, — paraldehyd, 
amyl  hydrate,  urethane,  chloral  hydrate,  and  chloralamid, — a  certain 
caution  is  undoubtedly  necessary  when  they  are  given  in  large  doses. 


APPLICATIONS  TO  THE  PRECORDIA.    CUTANEOUS  STmULATION, 
DERIVATIVE  BSEASURES. 

Whenever  the  heart  action  is  excited  and  accelerated,  cold  compresses 
or  the  application  of  an  ice-bag  to  the  precordia  should  be  tried.  To 
avoid  pressure  on  the  precordia  it  is  well  to  have  the  ice-bag  suspended 
from  barrel-hoops  the  ends  of  which  are  placed  in  the  bed.  The  chest- 
wall  should  always  be  covered  with  a  thin  piece  of  linen  to  prevent 
immediate  contact  of  the  skin  with  the  ice-bag.  Small  pieces  of  ice  should 
be  used,  and  the  bag  should  never  be  filled  quite  full;  also  the  ice  must 
be  frequently  renewed.  [If  the  bag  is  not  heavy,  suspension  is  not 
necessary.  In  the  case  of  restless  patients  the  ice-bag,  in  an  outer  bag, 
can  be  pinned  to  the  shirt. — Ed.]  Leiter's  coil,  made  of  rubber  or  metal 
and  of  a  suitable  form,  may  also  be  used  to  advantage. 

The  effect  of  the  application  is  almost  always  to  render  the  heart 
action  slower  and  more  uniform  and  to  diminish  or  relieve  altogether 
any  distress  that  the  patient  may  have  suffered  on  account  of  the  abnormal 
force  of  the  heart  or  on  account  of  h3^resthesia. 

Two  things  must  be  considered  in  explaining  the  action  of  the  procedure.  The 
first  of  these  is  the  cooling  of  the  heart's  substance.  We  know  tnat  the  number 
of  the  muscular  contractions  diminishes  as  the  temperature  falls.  It  appears 
doubtful,  however,  whether  the  cooling  of  the  skin  extends  as  far  as  the  or^an 
itself.  I  have  been  unable  to  find  any  reliable  observations  bearing  on  this  pomt. 
From  the  analogy  of  the  gastro-intestinal  canal,  it  might  be  assumed  to  be  the  case; 
but  reasoning  b]r  analogy  in  the  case  of  organs  so  differently  situated  does  not 
advance  the  subject.  The  second  thing  to  be  thought  of  is  the  cutaneous  reflex. 
As  the  blood-vessels  are  speedily  paralyzed  by  cold,  it  does  not  appear  altogether 
impossible  that  this  local  hyperemia  may  have  something  to  do  with  the  action  of 
the  ice-baff.  On  this  theory  it  would  represent  a  true  derivative  measure,  if  we 
define  the  latter  as  the  production  of  a  local  hyperemia  for  the  purpose  of  relieving 
congestion  in  some  other  organ.  The  physiologist  will  probably  laugh  at  this  notion, 
and  from  his  standpoint  he  is  quite  right;  for,  if  the  physiologic  laws  of  blood  dis- 
tribution apply  strictly  to  the  conditions  found  at  the  bedside,  it  would  be  sense- 
less to  expect  to  relieve  the  congestion  in  a  distant  organ  supplied  by  an  entirely 
different  set  of  vessels  by  means  of  local  hyperemia  or  by  the  abstraction  of  fluid. 
But  since  it  may  be  assumed  that  cooling  or  warming  the  skin  diminishes  the  amount 
of  blood  in  the  diseased  organ,  and  as  the  explanation  of  this  fact  on  the  assump- 
tion of  a  reflex  is  most  unsatisfactory  or  at  least  altogether  unproved,  the  thought 
naturally  suggests  itself  that  tissues  affected  with  certain  forms  of  disease  give  up 
part  of  their  blood  more  readily  than  all  other  (healthy)  tissues,  and  that  such 
tissues,  therefore,  permit-  the  accession  of  fluid  to  the  part  of  a  body  which  has 
been  artificially  rendered  hyperemic.     Observations  might  decide  this  point. 

There  are  a  good  many  people  who  cannot  bear  the  application  of 
cold  to  the  precordia.  In  such  cases  warm  applications  often  act  very 
favorably — either  a  simple  Priessnitz  compress  or  Leiter's  coils  filled 
with  warm  water. 

Whether  cold  or  heat  will  be  more  suitable  cannot  be  determined 
beforehand  any  more  than  in  persons  suffering  from  inflammatory  con- 


HYDROTHERAPEUTIC  PROCEDURES,  689 

ditions  of  the  abdomen.  It  is  always  best  to  experiment;  and  to  consult 
the  patient's  wishes  as  fully  as  possible. 

Derivative  measures  are  well  adapted  to  combat  pain,  particularly 
about  the  heart,  and  the  same  effect  is  produced  by  local  bleeding.  Mus- 
tard poultices,  mustard  plasters,  leeches,  or  Heurteloup's  artificial  leech 
may  be  used,  applied  either  to  the  precordia  itself  or  to  the  left  axilla. 

Whether  or  not  large  quantities  of  blood  shaU  be  abstracted  must  be 
decided  on  similar  principles.  We  all  know  that  at  different  periods 
in  the  history  of  medicine  venesection  played  a  very  important  r61e  in 
the  treatment  of  pathologic  conditions  of  the  heart,  as  in  that  of  most 
diseases.  Now  the  method  has  been  almost  entirely  given  up,  and  there 
is  no  doubt  that  the  aversion  we  entertain  toward  venesection  at  the 
present  time  is  exaggerated.  For  my  part  I  cannot  beUeve  that  a 
method  which  survived  so  long  in  the  hands  of  able  physicians  is  alto- 
gether worthless. 

If  there  is  any  sense  in  venesection,  we  must  assume  some  change  in  the  phys- 
iologic laws  of  blood  distribution  and  regulation  of  the  circulation.  This,  ind^, 
seems  probable;  at  least  the  supposition  finds  support  in  a  number  of  observations. 
It  really  seems  that  in  cardiac  insufficiency  the  neart  in  many  cases  is  very  sensi- 
tive to  any  increase  in  the  amount  of  inflowing  blood  and  responds  very  readily 
if  the  quantitv  is  diminished.  On  this  theory  one  would  be  justified  in  expecting 
good  results  from  venesection,  and  it  also  enables  us  to  uncierstand  the  value  of 
other  well-tried  measures  which  render  individual  portions  of  the  body  hyperemic. 
Traube  long  ago  showed  the  advantage  of  rendering  the  intestine  hyperemic  in 
such  patients  by  means  of  an  active  purge,  and  similarly  hot  foot-  ana  leg-baths 
at  40^  to  45^  C.  (104^  to  113^  F.)  often  bring  magic  relief  in  morbid  conditions  in 
which  it  must  be  assumed  that  the  heart  is  finding  it  difficult  to  handle  a  large 
quantity  of  blood. 

Nevertheless,  the  conditions  are  somewhat  different  in  the  case  of 
cutaneous  hyperemia  and  inflammation  produced  by  irrUaiing  substances, 
such  as  mustard  poultices,  mustard  plasters,  embrocations  of  various 
kinds,  painting  with  tincture  of  iodin,  blisters,  cauterizations,  and  issues. 
These  measures,  it  is  true,  produce  a  local  h5rperemia  of  the  skin,  limited 
to  a  very  small  and  circimiscribed  spot.  There  is  no  doubt  that  cutan- 
eous reflexes  and  the  absorption  of  irritating  substances  have  some  share 
in  the  effect  produced.  An  explanation  is  as  yet  out  of  the  question, 
but  clinical  experience  so  far  justifies  the  conclusion  that  the  above- 
mentioned  procedures  are  undoubtedly  useful,  not  only  in  conditions  of 
sudden  failure  of  the  circulation,  but  also  to  combat  oppression  and 
simple  cardiac  weakness.  I  strongly  recommend  that  they  be  tried  in 
every  case  of  this  kind,  particularly  well-prepared  mustard  plasters  to 
the  feet,  mustard-baths,  and  brushing  the  soles  of  the  feet  with  a  hard 
clothes'  brush.  How  far  these  methods  act  on  the  vessels  by  direct 
pressure  and  how  far  they  improve  the  activity  of  the  skin  has,  so  far 
as  I  know,  never  been  investigated.  As  clinical  experience  recommends 
them  chiefly  for  acute  cases  of  failing  circulation  in  the  production  of 
which  paralysis  of  the  vessels  plays  a  large  part,  it  may  be  assumed  that 
they  act  chiefly  on  the  vasomotor  apparatus. 

BATHS  AND  OTHER  HYDROTHERAPEUTIC  PROCEDURES  EMPLOYED 
TO  STRENGTHEN  THE  HEART. 

How  and  in  what  form  baths  may  be  used  for  purposes  of  cleanliness 
and  the  care  of  the  skin  in  heart  patients  has  been  explained.  In  this 
section  we  have   to  deal  with  the  use  of  hydrotherapeutic  measures 
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for  stimulating  and  strengthening  the  action  of  the  heart.  These  pro- 
cedures may  act  as  cutaneous  stimulants;  but,  so  far  as  I  can  see,  we 
have  not  as  yet  any  accurate  knowledge  of  how  the  stimulation  of  cutan- 
eous nerves  influences  the  action  of  the  heart  and  vessels.  The  effect 
on  the  action  of  the  heart  would  depend  on  the  contraction  of  some  vessels, 
the  dilatation  of  others,  and  possibly  on  an  increase  in  the  total  cross- 
section  of  the  blood-channels.  The  behavior  of  the  coronary  vessels 
would  have  to  receive  special  attention,  and  after  that  the  heart  itself. 
Sensory  stimuli,  as  an  interesting  investigation  carried  on  by  Gross- 
mann  *  in  v.  Basch's  laboratory  has  shown,  are  capable  of  increasing 
the  action  of  the  heart  even  aside  from  their  influence  on  the  vasomotor 
tone,  namely,  by  directly  acting  upon  the  heart.  Marked  constriction 
of  the  blood-vessels  in  certain  regions  of  the  body — in  man  the  vessels 
supplied  by  the  splanchnic  nerve  are  probably  the  most  important  in 
this  respect— exercises  the  left  ventricle  and  may  do  a  great  deal  of  good  if 
the  heart  is  still  capable  of  responding  to  an  increased  demand.  Whether 
it  may  be  employed  therapeutically  in  a  given  case  depends  on  the  same 
considerations  that  determine  the  advisability  of  muscular  movements. 
If  the  action  of  the  heart  can  be  directly  increased  through  reflex  nerve 
action,  another  valuable  means  of  treatment  is  thereby  afforded;  only 
the  conditions  necessary  to  develop  the  effect  on  the  heart  are  very 
complicated  and  are  still  in  need  of  careful  investigation.  We  have 
no  detailed  knowledge  whatever,  and  there  is  a  wide  field  for  accurate 
observation.  But  such  observations  must  be  made  with  a  full  knowl- 
edge of  our  present  opinions  in  regard  to  the  physiologic  conditions  of  the 
circulation. 

The  practical  application  of  hydrotherapeutic  measures  must  be 
guided  solely  by  the  experience  gained  at  the  bedside.  To  a  large  ex- 
tent actual  treatment  is  independent  of  our  theoretic  views  in  regard 
to  the  action  of  these  measures.  Although  this  theoretic  knowledge 
is  still  relatively  slight,  the  experience  that  has  been  accmnulated  in 
regfuxi  to  the  kind  of  hydrotherapeutic  measures  and  their  mode  of 
application  in  diseases  of  the  heart  is  already  quite  respectable;  it  points 
chiefly  to  the  use  of  baths  with  vxUer  containing  carbon  dioxid  and  salts. 

The  stimulation  exerted  on  the  skin  by  carbon  dioxid  causes  a  rise  of  the  arte- 
rial pressure  when  the  heart  is  weaJc.  It  is  probable  that  the  effect  is  produced 
chieny  through  vasomotor  stimulation.  In  other  words,  an  extra  demand  is  thrown 
on  the  heart,  and  the  procedure,  therefore,  constitutes  a  heart  exercise.  If  the 
heart  is  to  be  benefited,  it  must  still  have  at  its  disposal  a  certain  degree  of  reserve 
force.  A  heart  with  passive  dilatation  (due  to  congestion)  frequently  becomes 
smaller  under  the  influence  of  the  baths.  This  fact  and  the  general  impression  gained 
from  the  effect  of  carbon  dioxid  on  the  heart  no  doubt  strongly  suggest  that  the  heart 
muscle  is  directly  strengthened;  in  other  words,  that  the  effect  of  carbon  dioxid 
to  a  certain  extent  corresponds  to  that  of  digitalis  and  of  sensory  stimuli.  But 
here,  again,  there  is  need  of  more  observations  to  clear  up  the  conditions. 

In  practice  these  baths  are  employed  either  to  improve  mild  grades 
of  cardiac  insufficiency  or  to  insure,  as  it  were,  the  permanence  of  the 
effect  produced  by  digitalis — indeed,  in  a  few  cases  the  use  of  carbon 
dioxid  baths  has  been  followed  by  success  after  digitalis  had  failed. 

But  carbon  dioxid  baths  can  in  no  sense  be  said  to  rival  digitalis 
in  their  action  on  the  heart.  Although  there  are  certain  points  of  con- 
tact between  the  two  remedies,  digitalis,  nevertheless,  is  and  remains 

^Grossmann, '' Zeitschrift  fUr  klinische  Medicin,"  vol.  xxxii,  pp.  219  and  501. 
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the  only  proper  remedy  in  cases  of  marked  cardiac  insufficiency  with 
abnonnal  blood  distribution.  It  seems  to  me  improper  to  begin  by 
giving  baths  in  such  cases;  by  doing  so  discredit  is  cast  on  the  pn^edure 
and  the  patient  is  injured.  But  they  are  unquestionably  of  great  value 
when  it  is  desired  to  exert  a  sustained  effect,  not  to  mention  the  milder 
forms  of  cardiac  weakness.  In  addition  they  often  have  a  very  favor- 
able effect  on  many  sensory  disturbances  of  various  kinds,  including 
,  angina  pectoris  in  nervous  and  arteriosclerotic  individuals. 

The  manner  in  which  the  heart  reacts  to  the  procedure  must  be  tested 
in  every  individual  case  in  order  to  determine  whether  it  will  be  tolerated. 
This  cannot  be  known  beforehand,  and  caution  is,  therefore,  necessary 
under  all  circumstances.  The  treatment  should  always  be  begun  with 
weak  baths.  The  general  condition  must  receive  due  attention;  the 
patient  should  feel  perfectly  comfortable  and  well  during  the  bath,  not 
anxious  or  oppressed.  The  dyspnea,  if  there  is  any,  should  not  be  in- 
creased by  the  baths;  the  tension  of  the  pulse  should  be  improved; 
quite  often  a  retardation  of  the  latter  is  effected.  The  baths  must  never 
be  allowed  to  affect  the  action  of  the  heart  unfavorably;  if  such  an  effect 
is  produced,  the  bath  must  be  modified  or,  if  that  fails,  omitted  alto- 
gether. The  effect  of  the  bath  depends  on  a  great  many  different  con- 
ditions, such  as  temperature,  percentage  of  carbon  dioxid  and  salt,  and 
the  duration  of  the  bath.  All  these  factors  can  and  must  be  carefully 
adapted  to  the  individual  case.  Proficiency  in  the  selection  of  appro- 
priate baths  to  suit  an  individual  case  is  only  gained  by  practice  and 
experience.  It  is  practically  impossible  to  lay  down  any  more  rational 
principles;  the  method  is  purely  empirical,  and  its  proper  use,  therefore, 
imperatively  demands  experience  on  the  part  of  the  physician. 

There  are  a  number  of  natural  carbonated  springs  which  contain 
variable  quantities  of  carbon  dioxid  gas,  besides  many  kinds  of  salts. 
Just  how  these  salts  modify  the  effect  of  the  bath  we  do  not  as  yet  know. 
As  salt  solutions  in  themselves  exert  a  stimulating  influence  on  the 
cutaneous  nerves  in  a  variety  of  ways,  it  is  quite  natural  that  they  should 
increase  the  effect  of  the  carbon  dioxid.  Not  infrequently  simple  brine 
baths  (Soolbader)  are  used  to  obtain  the  same  effect. 

Among  the  carbon  dioxid  baths  those  which  are  most  frequently 
visited  by  heart  patients  are  Nauheim,  Oeynhausen,  where  there  are 
thermal  waters,  and  Cudowa,  a  cold  spring.  There  is  no  doubt  that  the 
physicians  who  practise  in  these  places,  especially  in  Nauheim,  have 
had  a  very  large  experience  in  the  treatment  of  heart  patients,  and  this 
I  regard,  a  priori,  as  a  strong  argument  in  favor  of  sending  patients  to 
these  places.  It  is  needless  to  say  that  the  accommodations  generall}' 
are  especially  good  in  all  the  more  popular  baths. 

Hamm  and  Weme  in  Westphalia,  Kissingen,  Marienbad,  Homburg, 
Tarasp,  Langenschwalbach,  Driburg  in  the  Teutoburg  Forest,  Franzens- 
bad,  St.  Moritz,  Pyrmont,  Reinerz,  Rippoldsau,  and  other  springs  also 
contain  carbon  dioxid  in  combination  with  a  variety  of  salts.  Some  of 
these  are  already  being  used  for  the  treatment  of  heart  patients,  and  there 
can  be  no  doubt  that  equally  good  results  could  be  obtained  in  diseases 
of  the  heart  with  these  waters  as  at  the  above-mentioned  places,  and  for 
many  reasons — such  as  the  distance  from  a  patient's  home  and  others — 
some  of  these  places  are  unquestionably  better  adapted  for  some  patients 
than  Nauheim  and  Oeynhausen. 

Whenever  possible,  the  patient  should  be  sent  to  one  of  the  above- 
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mentioned  springs;  for  a  variety  of  reasons  a  course  of  treatment  at 
one  of  these  regular  spas  is  much  superior  to  treatment  with  artificial 
carbon  dioxid  baths,  provided,  of  course,  a  critical  examination  is  made 
of  the  method  to  be  employed  for  the  individual  patient.  For  only 
certain  very  definite  conditions  are  amenable  to  treatment  with  carbon 
dioxid  baths,  and  we  must  absolutely  avoid  exposing  unsuitable  patients 
to  the  discomforts  and  expense  of  the  journey. 

In  many  cases,  however,  it  is  not  possible  to  use  the  natural  spring 
water  because  the  patient  cannot  be  sent  to  the  health  resort.  In  such 
cases  artificial  carbon  dioxid  baths  sometimes  render  excellent  service. 
It  is  important  to  have  the  carbon  dioxid  as  finely  divided  as  possible, 
so  that  the  patient's  skin  will  be  acted  upon  by  small  bubbles  of  gas. 
This  is  best  accomplished  by  introducing  liquid  carbon  dioxid  into  the 
bath-water.  In  the  case  of  bathing  institutions  the  arrangements  neces- 
sary to  effect  this  should  be  urgently  recommended,  but  in  private  prac- 
tice they  cannot  be  used  on  account  of  the  comparatively  high  price. 

To  prepare  a  bath  in  a  private  house  from  0.1  to  1  kg.  (|  to  2  pounds) 
of  sodium  bicarbonate,  with  an  equal  quantity  by  weight  or  0.15  to  1.5 
kg.  (J  to  3  pounds)  of  crude  hydrochloric  acid,  are  added  to  a  bath  of 
about  250  liters  (60  gallons)  at  a  temperature  of  35°  to  28°  C.  (95°  to 
82.4°  F.).  The  bicarbonate  of  soda  is  thrown  into  the  water.  The 
hydrochloric  acid  is  poured  into  bottles  with  narrow  necks  which  are 
introduced  under  the  water,  and  the  acid  is  allowed  to  run  out  slowly, 
in  about  five  minutes,  on  the  bottom  of  the  tub.  By  this  means  small 
bubbles  of  carbon  dioxid  are  slowly  evolved. 

The  firm  of  Sandow,  in  Hamburg,  manufacture  tablets  which  are 
very  convenient  for  the  preparation  of  carbon  dioxid  baths.  With 
this  method  the  gas  is  generated  by  the  action  of  potassium  sulphate 
on  sodium  bicarbonate.  These  baths  are  expensive,  however, — 1  Mark 
(25  cents)  as  against  40  to  69  Pfennige  (10  to  17  cents),  the  cost  of  a 
bath  prepared  with  hydrochloric  acid, — and,  besides,  it  is  my  impression 
that  when  the  carbon  dioxid  is  generated  by  this  method  the  bubbles 
are  considerably  less  minute. 

As  a  rule,  the  temperature  of  the  water  rises  as  the  mineral  acids  com- 
bine with  the  sodium.  If  this  reaction  takes  place,  the  temperature 
must  be  taken  again  after  the  acid  has  been  put  in  and,  if  necessary,  the 
temperature  reduced  by  cautiously  adding  cold  water.  The  patient  then 
enters  the  tub  and  keeps  as  quiet  as  possible.  Owing  to  the  stimulating 
effect  of  the  carbon  dioxid,  cold  baths  are  quite  well  borne — ^in  fact, 
often  better  than  baths  at  higher  temperatures.  The  suitable  tempera- 
ture must  be  determined  for  each  individual  patient. 

Salt  (Stassfurt  or  "artificial  Nauheim  salt'')  can  also  be  added  to 
the  baths  to  make  a  concentration  of  about  3  per  cent. 

Gradually  the  percentage  of  hydrochloric  acid  and  carbon  dioxid 
is  increased,  carefully  noting  the  effect,  and  the  temperature  of  the  water 
lowered.  At  first  the  duration  of  the  bath  should  be  from  five  to  ten 
minutes;  later  this  may  be  extended  to  twenty-five  minutes.  At  the 
beginning  of  a  cure  the  baths  should  be  given  only  every  other  day. 

Numerous  other  kinds  of  medicated  baths  *  have  been  recommended 

for  heart  patients,  and  it  is  quite  possible  that  the  effect  of  these  baths 

on  the  circulation  is  similar  to  that  of  the  carbon  dioxid  baths.    That 

this  is  the  case  with  saline  and  brine  baths  has  already  been  mentioned, 

*Matthes,  "Lehrbuch  der  klinischen  Hydrotherapies"  Jena,  1900,  p.  3. 
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and  Matthes  has  found  that  oil  of  turpentine  and  ammonia  act  in  a  similar 
manner.  It  is,  therefore,  perfectly  safe  to  try  substances  of  this  kind. 
Any  substance,  provided  it  is  fresh  and  has  a  pleasant  odor,  is  particu- 
larly useful  when  a  suggestive  effect  is  desired.  It  should  be  remembered, 
however,  that,  so  far  as  we  know,  carbon  dioxid  baths  are  by  far  the 
most  certain  in  their  action  and  are  better  known  than  any  others. 
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DISEASES  OF  THE  HEART  OCCURRING  AFTER  BODILY 

EXERTION. 

The  innervation  of  the  skeletal  muscles  has  a  very  great  influence 
on  the  circulation;  for  functionating  organs  always  attract  large  quanti- 
ties of  blood,  which  are  then  carried  to  the  heart.  At  the  same  time 
the  heart  also  fills  and  empties  itself  more  completely  than  imder  normal 
conditions,  and  the  number  of  contractions  is  considerably  increased. 

Hence  the  velocity  of  the  blood  is  greatly  increased  in  other  vascular 
areas  than  is  the  case  when  the  body  is  at  rest.  While  an  inquiry  into 
the  causes  of  the  individual  factors  which  produce  this  change  in  the 
circulation  is  most  alluring,  such  an  inquiry  would  carry  me  too  far 
afield.  For  the  present  purpose  it  is  enough  to  know  that  during  exer- 
cise the  power  of  acconmiodation  of  the  heart  is  called  into  action  to 
enable  the  organ  to  take  up  and  propel  laige  quantities  of  blood,  and 
that  the  number  of  cardiac  contractions  is  at  the  same  time  increased. 
Even  if  the  pressure  in  the  aorta  and  pulmonary  artery  should  fall, — 
which  is  probably  not  the  case  (see  p.  487), — the  fall  would  certainly  not 
be  enough  to  prevent  or  neutralize  an  increase  in  the  work  of  the  heart. 
We  must,  therefore,  reckon  with  the  fact  that  any  extensive  innervation 
of  the  skeletal  musdes  increases  the  work  of  the  heart. 

These  matters  were  mentioned  in  discussing  the  factors  which  are, 
generally  speaking,  capable  of  exerting  a  harmful  influence  on  the  activity 
of  the  oigan.  Now,  however,  our  point  of  view  is  different:  what  we 
38 
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wish  to  know  is  what  kinds  of  cardiac  disturbances  are  to  be  r^arded 
as  directly  and  solely  due  to  severe  muscular  exertion.  These  distur- 
bances are: 

Laceration  of  a  valve,  more  frequently  at  the  arterial,  rarely  at 
the  venous,  orifices.  Our  discussion  does  not  include  these  conditions^ 
as  they  have  already  been  considered  in  this  work  by  our  colleague,  v. 
Jiirgensen. 

Conditions  Associated  with  Diminished  Functional  Capacity 
of  the  Heart. — These  possibly  include  hypertrophy,  which  Tnll  be 
referred  to  at  the  end  of  the  article. 

Causes. — ^According  to  the  definition,  the  direct  cause  of  these  dis- 
turbances must  be  sought  in  the  increased  demand  made  upon  the  heart 
on  account  of  the  muscular  exertion.  The  quantity  of  blood  in  the  ventri- 
cles is  increased,  and  the  peripheral  resistance,  far  from  being  diminished, 
is  heightened.  To  what  extent  violent  movements  of  the  body  are 
accompanied  by  an  imusual  preponderance  of  these  two  factors  is  not 
infrequently  determined  by  a  certain  accidental  combination  of  circum- 
stances which  especially  favors  the  occurrence  of  overexertion.  A» 
I  have  mentioned  elsewhere,  emotions  such  as  anger  or  fear  furnish 
illustrations,  inasmuch  as  they  interfere  with  the  proper  observance  of 
precautionary  measures.  Another  illustration  is  the  irresistible  desire 
to  accomplish  something  out  of  the  conmion,  to  achieve  some  imusual 
feat  of  strength,  because  in  doing  so  the  individual  usually  holds  his 
breath  in  forced  expiration,  which  causes  an  excessive  rise  of  the  arterial 
pressure.  Examples  of  either  of  these  conditions  are  to  be  foimd  in 
medical  practice.  The  literature  contains  numerous  cases  in  which  th& 
overexertion  is  mentioned  as  having  taken  place  during  a  moment 
of  emotion.  Personally,  I  have  also  known  numerous  examples  of 
overexertion  under  such  circimistances,  as,  for  example,  at  students' 
duels. 

Overexertion  is  also  more  apt  to  take  place  when  violent  muscular 
movements  are  made  while  the  abdomen  is  constricted  and  the  breast 
confined  by  the  clothing,  as,  for  example,  in  the  case  of  workmen  who 
wear  a  belt,  soldiers  with  a  heavy  pack,  and  tightly  laced  women  while 
dancing.  The  harmful  factors  in  these  cases  are  the  overfilling  of  the 
thorax  and  the  increase  in  the  intrathoracic  pressure,  as  well  as  the  inter- 
ference with  the  excursion  of  the  lungs,  possibly  also,  as  specially  pointed 
out  by  Sommerbrodt,  inadequate  vasodilator  reflexes. 

In  these  cases  the  strain  on  the  heart  is  sometimes  so  enormoiLS  that 
one  hesitates  to  deny  the  possibility  of  a  healthy  heart  failing  to  respond 
to  the  sudden  demand  made  upon  it;  the  more  so  as  the  beginning  of 
insufficiency  can  be  artificially  induced  in  any  heart,  providing  the  indi- 
vidual exerts  himself  sufficiently,  and  as  in  animals,  which  may  be  pre- 
sumed to  have  sound  hearts  with  especially  good  functional  capacity, 
the  same  thing  has  been  observed.  Senac  *  found  the  heart  completely 
flaccid  in  hunted  stags.  It  is,  therefore,  in  my  opinion,  undoubtedly 
possible  that  a  previously  healthy  heart  may  give  out  under  the  strain 
of  excessive  exertion,  even  though  of  brief  duration.  Later  I  shall  try- 
to  show  how  far  clinical  observations  justify  this  theory.  The  objection 
might  be  urged  that  the  animals  had  been  ill,  although  there  is  not  the 
slightest  ground  for  making  such  an  assumption. 

It  is  much  more  difficult  to  judge  whether  and  to  what  extent  moderate 

♦"Traite  de  la  Structure  du  Coeur,  etc.,"  translated,  Leipzig,  1781,  p.  170. 
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demands  on  the  hearty  such  as  the  majority  of  individuals  under  similar 
circumstances  are  able  to  meet  without  any  difficulty,  are  capable  of 
producing  the  symptoms  of  overexertion  in  a  few  individuals  with  hearts 
that  pass  for  normal.  Cases  are^  in  fact,  not  infrequently  encountered 
in  which  the  heart  is  injured  by  muscular  movements  attended  by  an 
amount  of  work  which,  although  evidently  injurious  to  the  individual,  by 
no  means  appears  to  be  excessive.  Such  cases  must  be  explained  by 
assuming  some  individual  factor  or  the  coincidence  of  several  injurious 
influences;  but  there  still  remains  the  question  whether  many  of  these 
hearts,  although  up  to  that  time  they  had  been  apparently  healthy, 
did  not  exhibit  some  anomalies  of  texture  even  before  the  discovery 
of  their  insufficiency.  The  present  state  of  our  knowledge  of  the  pathol- 
ogy of  the  heart  does  not  give  any  positive  information  on  this  pointy 
which  is  not  surprising,  as  opportimities  for  making  autopsies  in  such 
cases  are  obviously  rare. 

Formerly,  when  I  was  in  the  habit  of  seeing  clinical  patients  chiefly^ 
that  is,  for  the  most  part,  grave  cases  of  heart  disease,  I  was  very  much 
inclined  to  attribute  the  occurrence  directly  to  well-marked  disease  of 
the  myocardium  when  the  function  of  the  heart  was  found  to  be  seriously 
impaired  by  muscular  movements  which  were  not  out  of  the  ordinary. 
But  in  dispensary  work  and  in  private  practice  one  learns  that  this 
assumption  is  not  justifiable  or  well  foimded  in  all  cases.  It  is  true  that 
in  these  milder  forms  of  overexertion  of  the  heart  the  entire  organism 
is  very  frequently  under  the  influence  of  general  injuries  which  diminish 
its  power  of  resistance  and  its  functional  capacity.  This,  as  Romberg 
points  out,  has  a  most  unfavorable  effect  on  the  heart.  In  some  cases 
in  which  muscular  exertion  is  followed  by  heart  symptoms  there  is  a 
history  of  an  antecedent  infectious  disease.  Observations  made  on 
soldiers  in  war  and  peace  have  taught  us  that  convalescents,  various 
kinds  of  patients,  and  persons  in  a  depraved  state  of  health  are  exceed- 
ingly sensitive  to  even  slight  bodily  movements.  Malnutrition,  gastro- 
intestinal diseases,  nervousness,  and  alcoholism  injure  the  powers  of 
resistance  both  of  the  individual  and  of  the  heart;  great  heat,  bad  air, 
and  especially  damp  air  have  the  same  effect,  nor  must  we  imderestimate 
the  influence  of  care  and  worry. 

Just  how  these  things  act  on  the  heart  is,  unfortunately,  not  clearly 
known  as  yet,  but  there  is  no  doubt  that  these  factors  diminish  the  resist- 
ing power  of  the  heart,  especially  when  several  such  injurious  factors 
are  operative  at  the  same  time. 

The  condition  of  the  heart  itself  is  another  factor  in  the  problem. 
If  the  oigan  is  diseased,  the  slightest  demands  of  any  kind  may  be  in- 
jurious. But  this  point  requires  no  further  elaboration;  the  reader  is 
referred  to  the  section  on  General  Etiology. 

We  may,  therefore,  say  that  the  phenomena  of  overexertion  of  the 
heart  occur  as  soon  as  a  disproportion  exists  between  the  demands  made 
upon  the  heart  and  its  functional  capacity. 

Symptoms. — ^We  speak  of  acute  and  of  chronic  overexertion  according 
to  the  length  of  time  during  which  the  muscular  movements  exert  their 
injurious  influence  on  the  heart.  In  a  few  cases  a  single  overexertion  of 
the  heart  suffices  within  a  very  short  time  to  bring  on  the  symptoms  of 
functional  incapacity.  But,  as  a  rule,  the  process  is  slower  and  the 
strength  of  the  organ  does  not  begin  to  suffer  until  the  same  injury  has  been 
repeated  a  number  of  times. 
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We  shall  first  discuss  the  clinical  symptoms  in  those  cases  in  lohich 
a  single  violent  muscular  movem£nt  produces  circidatory  disturbances. 

During  or  after  a  single  muscular  exertion  symptoms  of  dilatation 
and  insufficiency  make  their  appearance,  consisting  of  dyspnea,  a  feeling 
of  pressure  on  the  chest,  and  frequently  more  or  less  severe  pains,  which 
are  seated  in  the  precordia  and  often  radiate  to  the  upper  epigastrium 
or  to  the  left  arm.  The  pain  not  infrequently  begins  during  the  exertion, 
and  convincingly  shows  the  patient  that  something  abnormal  has  hap- 
pened. It  is  attended  by  anxiety,  and  the  prostration  is  usually  so 
great  that  the  patients  are  no  longer  able  to  stand,  let  alone  walk,  by 
themselves,  and  either  have  to  be  carried  or  in  milder  cases  at  least  sup- 
ported. If  the  individual  is  alone  when  the  accident  occurs,  he  is  forced 
to  lie  down  wherever  he  is,  or,  at  the  best,  is  only  able  to  crawl  along 
the  ground  slowly  on  hands  and  knees. 

ExaviirwLtion  of  the  circulatory  organs  at  once  shows  a  great  fall  in  the 
arterial  pressure;  the  pulse  is  always  soft  and  small,  often  irregular  and 
unequal,  usually  accelerated,  rarely  retarded.  The  apex-beat  is  dis- 
placed outward  and  sometimes  downward  as  well,  but  it  may  also  be 
found  displaced  upward,  and,  as  Martins  has  pointed  out,  it  is  not  neces- 
sarily soft  in  spite  of  the  cardiac  weakness  (see  p.  432). 

The  result  obtained  by  percussion  is  not  always  abnormal;  but,  as 
a  rule,  and  always  in  severe  cases,  percussion  reveals  enlargement  of 
the  heart  to  the  left  or  right  or  in  both  directions.  I  have  been  unable 
to  discover  what  factors  in  a  given  case  determine  whether  the  dilatation 
will  affect  the  left  or  the  right  ventricle. 

Auscultation  either  reveals  nothing  abnormal  or  a  systolic  murmur; 
the  mitral  shows  insufficiency  of  its  valves.  Of  course,  signs  of  mitral 
or  aortic  insufficiency  may  sometimes  be  due  to  a  laceration  of  the  valve. 

The  lungs  and  the  abdominal  organs,  especially  the  liver  and  kidneys, 
at  first  present  nothing  abnormal;  edema  also  m  absent  at  first,  but 
we  shall  presently  see  that  a  change  soon  takes  place. 

As  a  rule,  the  patients  from  the  beginning  look  as  if  they  were  in  a 
serious  condition.  I  have  elsewhere  spoken  of  the  anxious,  sunken  fea- 
tures seen  in  patients  with  angina  pectoris.  A  similar  expression,  al- 
though less  marked,  is  encountered  in  these  conditions  also;  besides, 
the  patients  are  usually  cyanotic  and  complain  of  extreme  lassitude. 
If  the  overexertion  occurs  among  soldiers  on  the  march  in  very  hot 
weather,  the  face  may  be  red  and  covered  with  perspiration;  but  more 
frequently  it  is  cool  and  moist. 

Overexertion  of  the  heart  may  be  immediately  followed  by  death. 
For  example,  I  recall  the  impressive  case  reported  by  Diims.  A  soldier, 
fearing  he  would  not  reach  the  barracks  in  time  one  evening,  ran  a  long 
distance,  part  of  the  way  over  a  freshly  plowed  field,  and  fell  down  dead 
in  the  barracks  yard.  At  the  autopsy  the  heart  was  foimd  to  be  dilated 
and  the  muscle  degenerated. 

Fortunately,  this  is  a  rare  accident,  and  almost  equally  rare  are  the 
cases  of  permanent  insufficiency  of  the  heart  developing  after  a  single, 
or  a  very  brief,  bodily  exertion.  Such  a  condition  may  last  for  a  long 
time — weeks,  months,  or  even  years,  or  may  bring  on  death  at  any  time. 
The  characteristic  feature  is  that  the  functional  capacity  of  the  oripui 
has  suffered  an  injury  which  shows  itself  after  any  brief,  violent  bodily 
movement;  death  takes  place  with  the  well-known  symptoms  of  insuf- 
ficiency of  both  ventricles. 
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Cases  of  this  kind  have  frequently  been  described  *  and  are  particulariy 
difficult  to  understand.  As  a  rule,  in  these  histories  the  individual  had 
been  for  a  long  time,  often  for  years,  in  the  habit  of  performing,  without 
the  least  injury  to  his  health,  the  identical  muscular  movement  which 
suddenly  ends  his  life.  In  such  a  case  one  cannot  help  wondering  whether 
some  intercurrent  condition  may  not  have  occurred  to  impair  the  func- 
tional capacity  of  the  muscle  in  some  chemic  way,  or  to  cause  an  unfavora- 
ble change  in  its  structure.  I  refer  to  my  explanation  at  the  beginning 
of  this  section.  It  is  a  question  in  these  very  cases  whether,  granting 
that  the  severe  muscular  exertion  was  the  final  exciting  cause  of  the 
fatal  symptoms,  the  heart  and  the  body  as  a  whole  were  absobUely  hedUhy 
before  the  blow  fell.  One  cannot  help  having  one's  doubts  on  this  point 
in  these  rare  cases.  In  many,  perhaps  in  most,  alcohol  had  already 
developed  its  devastating  influence.  How  far  infectious  diseases  are 
responsible  in  these  cases  cannot  as  yet  be  determined,  nor  are  we  as 
yet  in  a  position  to  exclude  severe  structural  lesions  in  the  weakened 
heart;  for  the  cases  so  far  reported  are  not,  in  my  opinion,  sufficiently 
numerous  to  justify  a  decisive  conclusion  because  the  entire  heart  ought 
to  be  subjected  to  microscopic  examination  before  giving  such  an  opinion, 
and  so  far  we  have  no  observations  of  that  kind. 

In  a  third  series  of  cases,  which  are  by  far  the  most  frequent  and  are, 
in  fact,  not  rarely  encountered,  the  cardiac  insufficiency  persists  only 
a  short  time  after  the  bodily  exertion  has  ceased.  As  soon  as  the  patient 
rests,  the  symptoms  disappear,  or  at  least  improve,  very  much,  and  the 
abnormal  rhythm  and  the  dilatation  of  the  heart  also  disappear  in  the 
course  of  hours,  days,  or  weeks.  Some  of  these  patients  are  as  well  as 
ever;  that  is,  they  bear  bodily  exertion  just  as  well  as  before.  But 
although  in  some  cases  the  course  is  thus  favorable,  it  certainly  is  not 
so  as  a  rule;  much  more  frequently  disturbances  persist,  at  least  for 
some  time,  and  not  rarely  become  permanent. 

We  shall  discuss  this  point  in  detail  as  soon  as  the  symptoms  of  more 
gradual  overexertion  of  the  heart  have  been  mentioned. 

The  symptoms  of  "heart-strain/^  as  has  been  stsitedynotin frequently 
make  their  appearance  gradually;  so  slowly,  in  fact,  that  the  patient 
is  hardly  able  to  tell  when  they  began.  Tliis  happens  after  very  hard 
work.  The  condition  is  also  observe!,  however,  after  very  slight  move- 
ments, such  as  unquestionably  have  no  effect  whatever  on  the  majority 
of  persons;  its  occurrence  in  a  given  case  again  depends  on  the  dispro- 
portion between  the  strength  of  the  heart  and  the  demand  made  upon 
it.  These  mild,  slowly  developing  cases  of  heart-strain  are  very  fre- 
quently seen  at  the  present  time.  For  a  number  of  reasons  a  great  many 
people  are  now  in  the  habit  of  taxing  their  muscular  strength;  among 
these  reasons  are  the  impetus  recently  given  to  industrial  enterprise, 
the  laige  number  of  working  people  and  the  resulting  competition,  the 
wide-spread  popularity  of  athletic  pursuits,  which  are  frequently  in- 
dulged in  to  a  ridiculous  excess,  and,  on  the  other  hand,  the  practice 
of  employing  very  young  workmen  or  undeveloped  girls  in  a  great  many 
pursuits,  and  the  prevalence  of  debilitating  factors,  such  as  alcohol, 
sexual  excesses,  insufficient  sleep,  and  the  like — these  things  all  have 
an  effect  on  the  prevalence  of  heart  disease.  They  explain  why  this 
particular  form  of  cardiac  insufficiency  is  chiefly  found  among  weakly 
individuals — yoimg  apprentices,  domestic  servants,  students  who  are 
*  'For  escample,  by  Fr&ntzel,  ^'Herzkrankheiten,''  vol.  i,  p.  112.     Zunker. 
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beginning  to  fence  [or  take  part  in  other  sports  without  proper  training 
or  fitness — Ed.].  On  the  other  hand,  old  gentlemen  and  fat,  anemic 
women  who  insist  on  trying  to  ride  a  bicycle  furnish  a  lai^e  contingent. 
It  is,  of  course,  difficult  to  distinguish  this  form  from  those  varieties 
of  cardiac  insufficiency  which  occur  under  ordinary  circumstances  under 
the  influence  of  factors,  such  as  infectious  diseases  and  especially  alcoho- 
lism, for  example,  which  primarily  reduce  the  resisting  power  of  the 
myocardium. 

The  course  of  this  form  of  cardiac  insufficiency  also  may  be  pernicious 
and  progressive. 

A  classic  example  is  furnished  by  the  case  of  the  Cornish  miners  re- 
ported by  Peacock.  After  a  hard  day's  work,  during  which  they  were 
obliged  to  wield  heavy  hanuners  in  a  crouching  position,  the  men  formerly 
had  to  put  in  another  hour  climbing  a  long  series  of  ladders  in  order  to 
get  out  of  the  depths  of  the  mine.  In  many,  not  to  say  most,  of  these 
miners  the  well-known  signs  of  cardiac  insufficiency  appeared  during 
the  fifth  decade  and  proved  the  cause  of  their  death.  Similar  descriptions 
are  also  found  in  the  German  literature,  as,  for  example,  in  the  classic 
works  of  Seitz,JVIunzinger,  Jiiigensen,  and  numerous  others. 

Here,  again,  the  conditions  are  extremely  complicated.  There  is 
no  doubt  that  individuals  who  for  years  had  been  in  the  habit  of  doing 
hard  work,  often  combined  with  privations,  have  been  known  to  die  of 
progressive  cardiac  weakness.  But  this  I  think  is  as  much  as  can  be 
said  with  absolute  certainty.  I  think  it  would  be  a  veiling  of  the  truth 
to  regard  it  as  positively  settled  that  in  these  cases  the  muscular  exertion 
was  the  only  cause,  and  that  the  fibers  of  the  heart  muscle  were  struc- 
turally intact.  Since  the  publication  of  these  famous  clinical  histories 
and  postmortem  reports  our  knowledge  of  diseases  of  the  heart  has  been 
considerably  enlarged,  and  much  greater  accuracy  and  minuter  technic 
are  expected  in  examination.  I  cannot  as  yet  bring  myself  to  consider 
these  observations  as  decisive  in  the  above-mentioned  sense,  and  venture 
to  recall,  for  example,  the  interesting  findings  made  by  Nauwerck.  In 
this  case  a  patient  showed  the  signs  of  cardiac  weakness  after  continuous 
hard  work.  The  case  had  been  regarded  as  one  of  heart-strain,  while 
the  autopsy  showed  a  wide-spread  mural  endocarditis. 

From  an  etiologic  standpoint,  also,  the  conditions  in  these  cases  are 
very  complicated.  Although  these  patients  were  exposed  to  severe 
muscular  exertion,  it  does  not  follow  that  this  muscular  exertion  alone 
or  preeminently  produced  the  weakness  of  the  heart  and  placed  the 
organ,  so  to  speak,  in  a  permanent  condition  of  fatigue.  -  Many  other 
factors  come  into  play.  The  beer  and  wine  habit  must  also  be  reckoned 
with.  Not  a  few  of  these  weak  hearts  were  reported  to  be  hypertrophic, 
and  we  know  that  beer-drinking,  according  to  our  present  views,  very 
frequently  leads  to  cardiac  hypertrophy.  Again,  many  of  the  patients 
who  were  included  in  this  group  had  never  done  any  unusually  hard 
muscular  work.  Hence  in  these  grave  cases  it  is  quite  as  difficult  to 
find  the  line  of  separation  between  cardiac  insufficiency  due  to  exertion 
and  cardiac  insufficiency  due  to  disease  of  the  musculature  as  in  the 
milder  cases  now  to  be  discussed. 

Much  more  frequently  chronic  overexertion  runs  a  mild  course,  and 
from  a  practical  standpoint  cases  of  this  kind  are,  therefore,  much  more 
important. 

In  these  milder  cases  the  patients  complain  that  they  have  noticed 
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a  gradual  loss  of  power  in  performing  muscular  movements.  On  close 
interrogation  the  chief  symptoms  are  found  to  be  heart  symptoms — , 
palpitation,  dyspnea,  a  feeling  of  pressure  on  the  chest.  As  a  rule,  the 
symptoms  are  complained  of  only  during  exercise,  but  not  infrequently 
during  rest  also.  Dilatation  of  the  heart  may  or  may  not  be  present; 
disturbances  of  the  heart  action,  such  as  have  been  described  in  the 
acute  cases,  are,  as  a  rule,  observed.  Altered  blood  distribution,  that 
is  to  say,  the  signs  of  cardiac  insufficiency  during  rest,  are  not  present. 

Quite  often  the  symptoms  disappear  very  quickly  if  the  patient  stops 
work  and  gets  absolute  rest  and  good  nursing.  In  some  cases  the  patient 
recovers  entirely  and  is  later  able  to  resume  his  former  work  without 
any  difficulty  whatever.  This  is  certainly  not  the  rule  even  in  these 
cases.  Much  more  frequently  a  certain  degree  of  functional  disturbance 
remains,  and  from  this  point  on  what  I  shall  have  to  say  will  apply  also 
to  the  course  of  acute  strain.  It  is  true  that  these  disturbances  vary 
a  good  deal  in  severity  and,  fortunately,  they  are  in  most  cases  quite 
slight.  During  rest  the  symptoms  disappear  altogether,  and  it  may  be 
possible  for  the  patient  to  undergo  muscular  exertion,  although  the 
latter  is  apt  to  be  attended  by  unpleasant  sensations.  Sometimes  the 
physician  is  able  to  demonstrate  dilatation  of  the  heart  by  its  objective 
signs,  and  the  patient  is  made  aware  of  it  by  the  sense  of  pressure  and 
oppression  and  the  dyspnea  that  accompanies  every  movement  of  the 
body,  so  that  he  instinctively  avoids  any  severe  exertion.  His  comfort 
in  life  will  depend  on  his  ability  to  avoid  exertion.  Individuals  of  this 
kind  sometimes  change  their  entire  mode  of  life,  and  that  alone  is  often 
exceedingly  characteristic. 

In  not  a  few  cases  hearts  which  have  once  suffered  from  an  attack  of 
overexertion,  instead  of  reacting  to  subsequent  demands  on  their  func- 
tional capacity  by  dilatation,  exhibit  abnormalities  of  action — usually 
acceleration,  often  irregularity  and  inequality  of  the  heart-beat.  Some- 
times the  apex  impulse  is  strong  and  heaving  and  the  second  sounds 
at  tibe  base  remarkably  loud.  As  a  rule,  this  is  accompanied  by  un- 
pleasant sensations,  like  those  referred  to  above,  namely,  pain. and 
pressure  on  the  chest,  dyspnea,  and  especially  palpitation  and  vertigo. 
Da  Costa  *  has  described  these  things  very  fully  and  has  given  to  the 
condition  the  very  appropriate  name  of  "irritable  heart"  ["soldier's 
heart" — Ed.].  The  phenomena  of  irritability  occur  in  some  individuals 
only  after  some  special  demand  has  been  made  on  the  functional  capacity 
of  the  heart  (excitement,  muscular  exertion).  But  in  other  cases  they 
persist  even  when  the  patient  does  not  expose  himself  to  any  special 
insult.  Palpitation  and  acceleration  of  the  pulse  are  observed  in  such 
cases  and  may  be  constant  or  paroxysmal;  quite  often  there  are  marked 
and  unexpected  changes  in  the  frequency  of  the  pulse.  The  patients 
get  in  the  habit  of  observing  their  hearts — they  become  nervcms.  As  a 
result,  they  become  more  sensitive  to  any  demand  on  the  heart,  and 
thus  the  trouble,  as  it  were,  reacts  on  itself  and  grows  constantly  worse. 

It  is  not  infrequently  observed  that  in  the  same  individual  bodily 
overexertion  is  sometimes  followed  by  the  phenomena  of  irritability 
and  at  others  by  those  of  simple  weakness  and  dilatation  of  the  heart. 

The  diagnosis  of  insufficiency  of  the  heart  after  muscular  exertion 
is  comparatively  simple.    Impairment  of  the  functional  capacity  having 

*Da  Costa,  "On  Irritable  Heart,  etc.,"  "American  Journal  of  the  Medical 
Sciences,"  1871,  n.  s.,  vol.  Ixi,  p.  17.— Ed. 
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been  determined,  the  next  thing  to  do  is  to  look  for  the  cause,  and  in 
these  cases  the  patient's  own  statements  are  practically  the  only  data 
obtainable.  But  this  has  no  special  disadvantage;  for  in  cases  of  acute 
overexertion  the  patient,  as  a  rule,  gives  an  accurate  account  of  what 
has  happened.  His  observation  of  the  injury  to  the  organism,  and 
sometimes  even  to  the  heart,  is  quite  accurate. 

In  chronic  heart-strain  the  case  is  much  less  clear,  because  it  has 
to  be  decided  whether  or  not  exercise,  which  for  a  variable  time  had 
been  well  borne,  has  become  the  cause  of  disturbances.  I  shall  presently 
return  to  this  question,  as  soon  as  I  have  disposed  of  one  more 
point. 

For  it  is  as  impossible  as  it  is  difficult  to  decide  whether  the  over- 
exertion that  has  taken  place  is  due  to  the  fact  that  the  heart  is  in  itself 
diseased  or  has  been  primarily  damaged  by  some  special  injury,  or  whether 
one  has  to  deal  with  a  case  of  so-called  simple  strain.  This  question 
can,  of  course,  be  determined  only  by  accurate  examination  of  the  heart, 
supplemented  by  a  most  careful  interrogation  of  the  patient;  and  some- 
times it  will  be  impossible  to  decide  the  question  until  after  the  acute 
sequels  of  the  overexertion  have  disappeared.  I  do  not  here  refer  to 
cases  in  which  there  is  no  valvular  lesion;  for  that  can,  as  a  rule,  be 
determined  without  any  difficulty.  But  the  existence  of  coronary 
sclerosis,  myocarditis,  and  especially  of  **beer  heart"  may  be  very 
difficult  to  recognize,  especially  in  an  individual  who  really  has  cardiac 
insufficiency  brought  on  by  bodily  exertion.  In  deciding  this  point 
the  student  must  bear  in  mind  all  that  has  been  said  in  the  respective 
sections  about  the  recognition  of  these  conditions.  By  doing  so  he  will, 
in  many  cases,  at  least,  be  able  to  make  the  differential  diagnosis  from 
coronary  sclerosis  and  myocarditis;  but  it  will  often  be  difficult  to  decide 
how  much  of  the  blame  for  a  morbid  icondition  is  to  be  attributed  to 
alcoholism  and  how  much  to  muscular  exertion.  It  is  evident  that  the 
question  is  not  infrequently  incorrectly  put;  for  it  must  be  remembered 
that  the  heart  frequently  faUa  a  victim  to  the  cooperaiion  of  several  factors. 
Alcoholism  and  severe  muscular  exertion  are  so  often  found  in  the  same 
individual  that  it  is  simply  a  matter  of  taste  whether  a  clinical  history 
of  this  kind  is  classified  under  one  head  or  under  the  other.  In  such  a 
case  differential  diagnosis  is,  of  course,  out  of  the  question. 

In  general  it  may  be  positively  stated,  in  the  majority  of  cases  of 
so-called  chronic  overexertion,  especially  cases  in  which  some  form  of 
exercise  which  the  patient  has  been  in  the  habit  of  performing  for  a  long 
time — perhaps  years,  or  even  decades,  without  any  difficulty  and  without 
suffering  any  damage — is  regarded  as  the  cause  of  the  injury,  that  the 
heart  gives  out  because  it  is  diseased.  The  more  closely  these  things 
are  studied,  the  more  one  is  inclined  to  adopt  this  view. 

The  matter  assumes  a  different  aspect  in  those  cases  in  which  some 
unaccustomed  occupation,  accompanied  by  considerable  exertion,  is 
regarded  as  the  cause  of  the  cardiac  symptoms.  In  such  a  case  one's 
judgment  will  be  formed  after  duly  weighing  the  patient's  constitution, 
the  amount  of  work  that  he  has  perform^  in  the  past,  and  the  conditions 
under  which  the  work  has  been  performed. 

The  principal  conditions  to  be  considered  in  the  differential  diagnosis 
of  irritable  heart  are  nervous  diseases  of  the  heart.  For  this  purpose, 
again,  the  history  is  important.  To  justify  the  diagnosis  of  overexer- 
tion it  must  be  possible  to  demonstrate  that  unusual  exertion  actually 
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has  preceded  the  attack.  It  has  already  been  pointed  out  that  this 
conception  is,  after  all,  only  relative. 

Enlargement  of  the  heart  is  rare  in  cases  of  simple  nervousness,  but 
frequent  in  cases  of  overexertion.  The  effect  of  muscular  movement 
must  also  be  taken  into  account;  for  it  often  produces  no  disturbances 
in  nervous  individuals,  while  in  the  cases  now  under  consideration  it 
brings  on  the  symptoms  quicker  than  anything  else.  In  addition  it  is, 
of  course,  important  to  determine  whether  there  is  any  general  nervous- 
ness in  the  case  which  could  be  regarded  as  the  cause  of  the  cardiac  dis- 
turbances. But  this  point  must  be  determined  with  great  care  because, 
in  the  first  place,  as  has  been  said,  patients  with  an  irritable  heart  are 
very  apt  to  become  nervous,  and  another  special  difficulty  is  that  it  is 
perhaps  impossible  to  draw  a  sharp  line  of  separation  between  an  irritable 
heart  and  cardiac  disturbances  produced  by  local  changes  in  the  nervous 
structures  of  the  heart  independently  of  any  condition  in  the  central 
nervous  system  (see  the  section  on  Nervous  Diseases  of  the  Heart). 

Who  shall  venture  to  say  that  nervous  changes  in  the  organism  may 
not  greatly  favor  the  development  of  conditions  of  so-called  irritable 
heart?  The  fact  that  they  occur  so  frequently  in  war  is  certainly  no 
argument  against  this  hypothesis. 

In  the  case  of  young  people  the  differential  diagnosis  also  includes 
the  changes  in  the  heart  which  occur  during  the  period  of  growth  and 
which  will  be  explained  later.  But  here,  again,  the  problem  is  not  quite 
accurately  stated;  for  these  conditions  are  not  infrequently  due  to  a 
dilatation  of  the  heart  which  must  be  ascribed  to  some  muscular  exertion 
too  severe  for  the  individual  concerned. 

Prognosis. — ^The  first  examination  of  the  patient  will  suffice  to  show 
whether  one  has  to  deal  with  one  of  the  severest  type  of  cases,  in  which 
the  prognosis  is  always  grave;  for  even  after  the  inmiediate  danger  to 
life  has  passed,  the  prospect  of  complete  recovery  after  such  a  severe 
attack  is  extremely  doubtful. 

And  even  in  the  mildest  class  of  cases  of  acute  overexertion,  which 
at  the  time  do  not  threaten  life,  an  opinion  in  regard  to  the  future  must 
be  given  with  great  reserve;  for,  as  has  been  mentioned,  the  condition 
often  leaves  behind  a  certain  diminution  of  bodily,  and  often  also  of 
mental,  vigor.  The  severity  of  the  accident,  previous  diseases,  the 
mode  of  life,  demands  on  the  heart  to  which  the  patient  is  exposed  either 
in  the  course  of  his  work  or  otherwise,  these  are  the  determining  factors 
for  the  prognosis,  which  must  be  finally  determined  on  general  principles. 
In  severe  cases  of  so-called  chronic  overexertion  the  prognosis  will  depend 
on  the  impression  gained  at  the  time  in  regard  to  the  condition  of  the 
heart  muscle  in  the  individual  case;  for  this  condition  is  probably  associ- 
ated with  disease  of  the  myocardiimi.  In  the  milder  cases  the  condition 
of  the  heart  muscle  is  also  important,  and  the  prognosis  also  depends 
in  part  on  whether  the  patient  can  be  placed  under  favorable  surround- 
ings or  not. 

Treatment. — Immediately  after  the  occurrence  of  acute  overexertion 
absolute  bodily  and  mental  rest  is  the  first  requisite.  The  patient  should 
be  put  to  bed  and,  if  possible,  undressed  to  his  shirt.  An  ice-bag  or  cold 
compresses  to  the  heart  are  always  to  be  recommended  when  the  action 
is  greatly  accelerated. 

If  the  dyspnea,  anxiety,  and  oppression  persist  after  the  patient  has 
been  put  to  bed,  it  is  well  to  give  him  strong  coffee  and  some  kind  of 
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heavy  wine.  Some  form  of  cutaneous  stimulation,  mustard  poultices, 
a  hot  foot-bath  possibly  containing  mustard,  or  brushing  the  soles  of 
the  feet  with  a  stiff  clothes-brush  may  also  be  recommended. 

Quite  often,  especially  in  all  the  milder  cases  which  make  up  the 
majority,  these  measures  will  be  found  to  suffice.  But  if  the  symptoms 
do  not  improve,  the  administration  of  wine  and  coffee  must  be  continued, 
and,  if  necessary,  camphor  may  be  tried  in  addition. 

Theoretically,  digitalis  is  indicated;  I  do  not  know  whether  any 
reports  have  been  made  about  its  use  in  these  cases. '  In  an  urgent  case 
digitalin  mijght  perhaps  be  injected  hypodermically. 

The  main  thing  is  to  keep  the  patient  absolutely  at  rest  for  a  suffi- 
cient length  of  time  after  the  first  s3anptoms  have  subsided.  This  is 
often  very  difficult  to  do;  for  while  at  rest  the  patients  frequently  feel 
so  well  that  they  think  they  can  do  anything,  although,  as  a  matter  of 
fact,  the  heart  symptoms  are  apt  to  return  on  the  slightest  exertion. 

Gradually  the  patient  should  be  instructed  to  try  muscular  move- 
ments, and  this  may  then  be  kept  up  in  the  form  of  gymnastics  or  accu- 
rately regulated  walks  in  such  a  way  as  to  obtain  an  accurate  account 
of  the  amount  of  work  performed.  This  is  often  accomplished  more 
easily  by  sending  the  patient  to  Baden-Baden,  Wiesbaden,  or  Meran, 
and  the  carbon  dioxid  baths  administered  under  medical  supervision, 
which  can  be  obtained  in  one  of  these  resorts,  will  greatly  assist,  as  ex- 
perience has  shown,  in  training  the  heart  muscle  to  perform  a  larger 
amount  of  work.  Artificial  carbon  dioxid  baths  are  also  very  useful  in 
cases  of  this  kind. 

But  these  measures  do  not  always  suffice.  If  the  tendency  to  weak- 
ness of  the  heart  muscle  recurs  again  and  again,  patients  whose  work 
calls  for  muscular  exertion  must  be  instructed  to  change  their  mode  of 
life  altogether.  But  this  is  a  grave  step,  fraught  with  serious  conse- 
quences, and  no  physician  will  give  such  advice  without  very  carefully 
considering  the  circumstances  of  the  case.  Sometunes,  however,  there 
is  no  choice.  It  is  almost  needless  to  say  that  bad  habits  and  unwise 
indulgence  in  athletic  exercises  usually  have  to  be  restricted.  On  that 
point  the  physician  must  be  firm  and  must  not  allow  himself  to  be  swayed 
by  his  S3anpathy  for  the  patient.  Strict  orders  must  be  given,  especially 
in  the  matter  of  smoking,  drinking,  and  sexual  intercourse. 


FORMS  OF  CARDIAC  HYPERTROPHY  ATTRIBUTED  TO 
OVEREXERTION. 

It  appears  to  be  a  generally  accepted  fact  in  medical  literature  that 
violent  muscular  exercise  may  lead  to  cardiac  hypertrophy.  In  healthy 
men  who  work  hard,  the  weight  of  the  heart,  so  far  as  we  know,  increases 
in  proportion  to  the  increase  in  the  weight  of  the  body,  or,  strictly  speak- 
ing, that  of  the  musculature;  but  the  organ  does  not  hypertrophy  in  the 
true  sense  of  the  word.    This  point  has  been  fully  explained  on  p.  484. 

The  possibility  that  in  some  individuals  the  heart  muscle  may  undergo 
much  greater  development  as  a  result  of  hard  muscular  work  alone  than 
is  usually  the  case  in  the  majority  of  persons  under  similar  circumstances 
might  be  explained  by  one  of  several  suppositions,  one  of  which  is  that 
the  bodily  exertion  in  these  cases  is  absolutely  enormous.  This  seems  to 
be  a  priori  improbable,  because  munerous  other  persons,  who  perform 
exactly  the  same  amount  of  work,  do  not  develop  hypertrophy.    It  is 
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true  that  one  individual  has  to  exert  himself  much  more  than  another 
to  perform  the  same  amount  of  work;  but  this  difference  is  most  marked 
in  unusual  and  unaccustomed  kinds  of  work,  and  as  in  the  conditions  under 
consideration  the  individual  is  almost  always  used  to  the  work  and  is, 
therefore,  trained  to  perform  it,  the  element  of  individual  variation  is 
practically  n^ligible. 

We  have  seen  that  the  oi^anism  has  at  its  command  a  mechanism 
whereby  it  can  diminish  the  work  of  the  heart  during  muscular  exercise; 
this  is  effected  almost  exclusively  by  diminishing  the  arterial  pressure. 
I  do  not  believe  that  the  effect  of  the  enormous  increase  in  the  systolic 
output  on  the  work  of  the  heart  can  be  equalized  by  this  diminution  of  the 
arterial  pressure,  and  am,  therefore,  no  longer  inclined  to  see  in  the  failure 
of  this  mechanism  of  equalization  the  cause  for  the  production  of  cardiac 
hypertrophy. 

Another  supposition  is  that  the  above-mentioned  relation  between 
increase  in  the  amount  of  bodily  work  and  increase  in  the  muscle  of  the 
heart  may  become  modified  in  favor  of  the  latter.  This,  in  a  certain 
sense,  would  imply  that  the  muscle-cells  are  exceedingly  susceptible  to 
the  stimuli  which  induce  contraction.  But  this  theory  also  is  open  to 
many  objections,  because  no  one  will  be  inclined  to  admit  a  change  in  the 
fundamental  properties  of  the  tissues  unless  it  is  demanded  by  very  uigent 
reasons. 

Finally,  it  is  possible  that  the  period  of  recovery,  the  diminution  of  the 
work  of  the  heart  during  the  pause  between  contractions,  is  insufficient. 
Nothing  positive  can  be  said  on  this  point. 

It  is  evident,  therefore,  that  the  nature  of  these  forms  of  cardiac  hyper- 
trophy after  muscular  exertion  is  shrouded  in  obscurity.  But  it  would 
be  altogether  wrong  to  close  our  eyes  to  facts  because  we  do  not  under- 
stand them. 

But  are  they  facts?  No  one  who  has  made  any  extensive  and  careful 
study  of  the  literature  dealing  with  these  questions  can  doubt  it,  but  the 
proofs  are  either  exceedingly  slender  or  altogether  lacking. 

In  many  works  it  is  stated  that  hypertrophy  of  one  or  both  ventricles 
may  be  caused  by  muscular  exertion,  but  we  unconsciously  look  on  this 
statement  with  a  certain  misgiving  when  we  remember  how  rare  it  is  for 
an  experienced  physician  who  sees  a  large  number  of  patients  every  year 
to  have  under  his  care  cases  in  which  hypertrophy  of  the  heart  can  be 
positively  diagnosticated  either  during  life  or  at  the  autopsy,  and  in  which 
muscular  exertion  is  the  only  cause  that  can  be  assigned  for  the  condition. 
There  is  no  doubt  that  this  is  exceedingly  rare,  especially  when  compared 
with  the  many  cases  of  cardiac  dilatation  produced  by  the  same  cause, 
which  all  of  us  have  opportunities  of  observing.  For  instance,  I  do  not 
remember  a  single  case  of  positively  demonstrated  cardiac  hypertrophy  in 
which  muscular  exertion  could  be  r^arded  as  the  only,  or  even  the  most 
probable,  cause. 

One  who  has  had  this  experience  unconsciously  assumes  a  more  skepti- 
cal attitude  in  reading  the  literature,  and  it  is  remarkable  how  rarely  the 
anatomic  diagnosis  of  hypertrophy  is  based  on  careful  weighing,  and  partic- 
ularly how  very  rarely  muscular  exertion  is  the  only  one  of  the  possible 
causes  of  hypertrophy.  Persons  with  a  cardiac  hypertrophy  explained 
in  this  way  are  very  frequently  arteriosclerotic,  and  give  a  history  of  over- 
indulgence in  beer  or  wine,  nor  can  nephritis  by  any  means  be  excluded 
from  all  the  cases.    In  other  words,  it  is  another  case  of  a  multiplicity  of 
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causeS;  and  among  them  we  find  beer-alcoholism  and  nephritis,  the  etio- 
logic  significance  of  which  in  the  production  of  hypertrophy  is  beyond  all 
doubt. 

I  do  not  wish  to  be  misunderstood.  I  do  not  venture  to  say  that  there 
is  no  such  thing  as  a  cardiac  hypertrophy  due  to  muscular  exertion  alone. 
Only,  it  is  a  very  rare  condition  and  has  so  far  never  been  positively  proved. 
For  that  reason  further  observations  seem  exceedingly  necessar}^  and  every 
clinical  history  of  such  a  case  that  is  above  criticism  has  distinct  value. 

The  only  observation  which,  in  my  opinion,  can  be  used  as  an  argu- 
ment for  the  production  of  cardiac  hypertrophy  by  muscular  exertion  is 
that  of  Henschen,  which  was  mentioned  on  p.  486.  The  Upsala  clinician 
observed  enlargement  of  the  heart  with  a  high,  heaving  apex-beat  and  a 
hard  pulse  in  certain  Laplanders  who  were  in  the  habit  of  making  long 
and  exhausting  runs  on  skees.  Repeated  observation  of  the  same  patient 
to  determine  the  presence  of  the  phenomenon  would,  of  course,  be  most 
desirable;  but  I  freely  admit  that  even  in  the  absence  of  such  observations 
these  symptoms  distinctly  speak  for  the  presence  of  cardiac  hypertrophy. 
Whether  the  condition  was  due  to  other  causes  besides  muscular  exertion 
is  more  than  I  can  say,  as  I  am  not  familiar  with  the  habits  of  Laplanders. 
In  any  case  Henschen 's  observations  are  extremely  important. 

A  Few  Clinical  Histories. — N.  N.,  twenty  years  of  age,  law  student;  father 
nervous;  mother  said  to  have  heart  disease.  At  the  age  of  six,  whooping-cough; 
no  other  infectious  diseases.  From  December,  1897,  until  February,  1898,  articu- 
lar rheumatism.  At  that  time  it  was  said  there  was  no  heart  disease.  The  summer 
semester  of  1898  was  spent  in  Switzerland;  while  there  the  patient  drank  much  wine 
and  beer,  although  only  at  times.     Mountain-climbing  was  well  tolerated. 

Since  the  winter  semester  of  1898-99  the  patient  has  been  a  member  of  a 
society  in  Marburg,  during  which  time  he  has  fenced  a  good  deal  but  has  not  drunk 
much.  Since  then  he  has  had  attacks  of  palpitation  which  occur  mostly  at  night. 
Tlie  patient  goes  to  sleep  in  the  evening  without  any  trouble,  but  wakes  up  during 
the  night.  He  is  then  anxious;  the  pulse  is  accelerated  and  irregular.  An  attaclc 
of  this  kind  lasts  about  two  hours;  then  the  patient  goes  to  sleep  again,  but  early 
the  next  morning  he  is  still  conscious  of  palpitation.  Palpitation  and  dyspnea 
are  brought  on  by  every  form  of  exercise  and  psychic  excitement.  All  the  phe- 
nomena are  worse  during  the  semesters  than  during  vacation.  The  patient,  for  ex- 
ample, cannot  fence  continuously  for  fifteen  minutes,  being  obliged  to  stop  on  account 
of  dyspnea  and  palpitation.  The  pulse  on  these  occasions  is  170  and  often  inter- 
mittent. 

Status  prcBsens  January,  1900:  Emaciated;  fairly  w^ell  muscled;  not  nervous; 
of  a  Quiet  temperament. 

Heart:  Apex-beat  in  fifth  intercostal  space,  extending  a  little  beyond  the 
nipple-line;  broad,  soft,  not  forcible,  68,  regular,  uniform.  Boundaries  of  abso- 
lutiB  dulness:  fourth  rib,  left  sternal  border,  nipple-line.  Boundaries  of  relative 
dulness:  upper  border  of  third  rib,  two  finger-breadths  to  the  right  of  the  right 
sternal  bonier,  apex-beat.  Sounds  pure;  second  pulmonic  and  second  aortic  sound 
very  loud,  equal;  pulse  shows  nothmg  peculiar. 

Other  organs  negative. 

N.  N.,  student  of  philology,  twenty  years  old.  Father  nervous,  said  to  complain 
of  palpitation;  mother  said  to  be  dyspneic.  One  brother  healthy;  one.  sister  and 
one  brother  delicate. 

As  a  child  had  measles  and  scarlet  fever,  otherwise  was  always  healthy.  Has 
been  a  student  for  four  semesters;  for  the  past  three  semesters  has  been  a  member 
of  a  students'  society.  Illness  began  during  the  present  semester.  Dyspnea  on 
movement;  sometimes  flashes  of  heat;  always  very  tired.  Cannot  fence  a  bout 
to  a  finish  on  account  of  dyspnea.  Has  dyspnea  on  going  uphill.  He  denies  ever 
having  drunk  to  excess — never  more  than  five  to  eight  glasses  [pints? — ^Ed.]  a  day 
and  never  as  much  as  that  several  days  in  succession.  Patient  always  feels  per- 
fectly well  while  resting. 

Status  prcssens  July,  1899:  Strongly  built,  looks  healthy.  Apex-beat  and  siase 
of  heart  quite  normal.     First  sound  at  the  apex  is  not  quite  pure;  second  pulmonic 
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sound  somewhat  accentuated.  Pulse  90,  regular  and  uniform,  of  good  volume 
and  moderate  tension.    Arterial  walls  somewlmt  hard. 

Other  organs  normal.     Urine  normal. 

B.  A.,  twenty-four  years  old,  student  of  natural  history.  Belongs  to  a  healthy 
family  and  in  early  childhood  had  measles,  diphtheria,  and  middle-ear  inflanuna- 
tion.  As  a  boy  he  was  always  healthy  until  the  fall  of  1888.  In  that  year,  being 
a  Tertian,*  he  took  part  in  a  very  fatiguing  excursion  and  carried  large  stones  up  a 
hill.  Palpitation,  dyspnea,  and  a  feeling  of  profound  fatigue  at  once  made  their 
appearance.  The  next  morning  a  physician  wno  knew  the  boy  found  that  the  heart 
was  ^-eatly  enlarged,  a  condition  wnich  he  is  sure  was  not  present  before. 

Since  that  time  the  patient  has  had  dyspnea  and  palpitation  after  exertion. 
The  degree  of  exertion  that  he  can  bear  varies  greatly;  sometimes  B.  is  almost  well 
and  can  accomplish  a  good  deal;  at  other  times  these  symptoms  make  their  appear- 
ance very  early. 

No  subjective  symptoms,  such  as  pain  or  fear  during  the  night ;  never  while  he 
is  at  rest.     Drinking  of  cofiFee  is  immediately  followed  by  palpitation. 

Status  prcBsens  January,  1899:  Quiet,  sensible  fellow.  Absolutely  not  nervous. 
The  heart  at  certain  times — I  have  often  examined  him — is  somewhat  enlarged  to 
the  left  and  to  the  right;  at  other  times  the  size  is  entirely  normal;  the  apex  impulse 
presents  nothing  peculiar.  The  sounds  are  always  pure.  The  pulse  is  always 
somewhat  accelerated,  88  when  he  is  completely  at  rest,  always  irregular  and  un- 
equal, usually  of  eood  volume  and  tension. 

The  lungs  ana  abdominal  organs  are  normal. 

K.  H.,  nineteen  years  old;  man-servant.  Father  died  of  some  pulmonary  dis- 
ease; mother  and  two  other  members  of  the  family  are  well.  Denies  alcoholism 
and  venereal  diseases.  Had  diphtheria  at  the  age  of  eight;  after  that  always 
healthy.  Three  years  ago  the  patient  one  day  "for  fun"  wrestled  several  hours 
in  succession  with  three  vigorous  friends  of  his  and  inmiediately  afterward  developed 
pain  in  the  chest  and  back. 

During  the  succeeding  week  palpitation  and  dyspnea  noiade  their  appearance. 
Since  that  time  the  patient  has  been  unable  to  do  liard  work,  often  has  pain  in  the 
epigastric  region,  and  the  bowels  are  irregular. 

Status  prcBsens  July,  1900:    Emaciated,  somewhat  cyanotic.     Lungs  healthy. 

Heart:  Apex-beat  in  fifth  intercostal  space  in  nipple-line;  broad,  strong,  and 
distinctly  heaving.  Boundaries  of  absolute  dulness :  fourth  rib,  left  border  of  ster- 
num, left  nipple-fine.  Boundaries  of  relative  dulness:  third  rib.  one  finger-breadth 
to  the  right  of  the  right  sternal  border,  the  left  as  far  as  the  apex  impulse. 
&vstolic  murmur  at  the  apex  and  at  the  second  intercostal  space  on  the  left  side, 
llie  second  pulmonic  sound  is  accentuated;  the  second  aortic  is  also  distinctly 
loud.  Brachial  arteries  tortuous.  Pulse  irregular  and  unecjual,  soft,  of  moderate 
volume;  the  rate  varies  between  56  and  110.  The  pulse  is  extremely  labile  and 
much  affected  by  bodily  movements  and  mental  excitement. 

The  liver  is  negative.  The  urine  on  the  first  day  showed  traces  of  albumin 
without  any  formea  elements;  after  the  first  day  it  was  normal.     No  edema. 

The  patient  was  first  treated  with  rest,  then  with  carbon  dioxid  baths.  The 
size  of  the  heart  soon  become  entirelv  normal.  The  systolic  murmurs  and  accen- 
tuation of  the  second  pulmonic  sound  disappeared,  but  the  first  sound  at  the  apex 
remained  impure.  The  heart  action  is  always  unequal  and  irregular.  The  pulse- 
rate  always  nuctuates. 

Later  the  patient's  nervous  symptoms  became  very  prominent.  The  man  was 
depressed  and  constantly  complained  of  pressure  and  discomfort  in  the  epigastric 
region.  He  never  had  any  more  cardiac  s3rmptoms.  Gastric  digestion  was  quite 
normal.  Treatment  of  the  gastric  symptoms  was  without  result.  Unfortunately, 
the  patient  was  not  intelligent  enoueh  to  give  an  accurate  account  of  his  nervous 
disturbances,  especially  of  his  mental  disposition. 

The  case  shows  very  clearly  that  disturbances  of  the  nervous  system  may  be 
superadded  to  a  cardiac  disturbance  caused  by  excessive  muscular  exertion.  Is 
there  any  myocarditis  in  this  case? 
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DISEASES  OF  THE  HEART  CAUSED  BY  THE  EXCESSIVE 
INDULGENCE  IN  ALCOHOLIC  BEVERAGES. 

After  the  excessive  drinking  of  alcoholic  beverages  the  symptoms  of 
cardiac  insufficiency  develop  in  many  individuals  under  circumstances 
which  make  it  absolutely  certain  that  the  circulatory  disturbances  are 
caused  by  the  nutritional  anomaly. 

Beer-Drinkers  furnish  the  largest  contingent  of  patients  with  this 
disease.  Bavaria,  especially  Munich,  is  its  home  par  excellence.  In 
Bavaria  excessive  beer-drinking  is  very  widenspread  in  every  walk  of  life, 
and  the  people  in  that  country  in  every  class  of  society  fall  victims  to  this 
form  of  heart  disease.  Nevertheless,  certain  classes  show  a  peculiar  pre- 
disposition, namely,  those  who  are  engaged  in  the  manufacture  and  sale 
of  beer.  These  people  drink  all  day  long — they  absolutely  live  on  beer, 
and,  besides,  another  important  factor  enters  their  lives,  namely,  that  of 
heavy  manual  labor. 

But  the  so-called  "beer  heart"  is  not  altogether  rare  in  coimtries  out- 
side of  Bavaria.  The  incidence  appears  to  bear  a  direct  relation  to  the 
geographic  distribution  of  good  beer.  Again,  of  course,  the  disease  is 
most  frequent  among  persons  whose  occupation  or  the  bad  habits  peculiar 
to  their  class  afford  them  an  opportunity,  or  in  a  certain  sense  force 
them,  regularly  to  drink  large  quantities  of  beer.  I  have  seen  this  form 
of  heart  disease  in  Saxony,  Thuringia,  and  Hessia,  especially  among 
brewers,  beer-wagon  drivers,  waiters,  innkeepers,  merchants,  butchers, 
and  students.  In  the  case  of  many  of  these  people  severe  muscular  exer- 
tion perhaps  also  enters  into  the  question.  Among  students,  at  least,  I 
was  struck  by  the  fact  that  the  disease  is  found  almost  exclusively  among 
members  of  the  dueling  corps.  Not  that  other  students  are  not  frequently 
quite  as  heavy  drinkers,  but  the  former  have,  in  addition,  the  exertion 
of  fencing  and  dueling  and  frequently  suffer  also  from  want  of 
sleep.  I  think  these  things  are  all  important,  and  they  will  be  referred 
to  again  in  connection  with  the  pathogenesis.  There  is  certainly  no  doubt, 
however,  that  excessive  beer-drinking  alone  may  produce  this  form  of 
heart  disease;  at  least,  cases  have  been  reported  from  Munich  which  seem 
to  prove  this  to  be  possible. 

Among  mne^rinkers  these  forms  of  heart  disease  appear  to  be  dis- 
tinctly less  frequent,  at  least  such  is  my  impression  from  a  study  of  the 
literature  and  my  personal  experience.  It  is  not  absolutely  certain,  how- 
ever, for  it  may  be  merely  an  accident  that  most  of  the  reports  come  from 
beer  regions,  and  it  is  a  curious  fact  that  in  some  of  the  earliest  cases  of 
this  form  of  heart  disease,  I  refer  to  those  reported  by  Traube  and  Fraentzel, 
the  patients  were  wine-drinkers.  If  heart  disease  develops  at  all  in  the 
latter  class,  there  are  usually  certain  other  bad  habits  besides  the  excessive 
drinking  of  wine.  Most  of  these  people  eat  too  much,  and  especially  eat 
large  quantities  of  proteids;  many  also  drink  spirits  and  smoke  large 
quantities  of  imported  cigars;  and  not  a  few  of  them  are  addicted  to 
sexual  excesses.  The  nutritional  anomalies  referred  to  suggested  to 
Fraentzel  the  term  "Luxusconsumption,"  which  he  used;  but  in  my 
opinion  this  term  would  better  be  discarded,  because  it  is  misleading  and 
some  people  might  imagine  that  the  word  helps  to  explain  the  pathogenesis. 

Dilatation  and  cardiac  insufficiency  due  to  excessive  eajbing  and  drink- 
ing occur  chiefly  among  the  wealthier  classes  of  the  population,  especially 
among  people  who  attach  an  exaggerated  value  to  food  and  drink  among 
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the  things  of  this  world.  Stokes  mentions  the  frequency  of  the  condition 
in  gouty  subjects. 

Whether  the  drinking  of  spirits  (Schnaps)  alone  produces  an  analogous 
form  of  heart  disease  seems  doubtfuf  to  me.  At  least  such  a  thing  is  very 
rare,  and  I,  at  least,  know  of  no  such  case.  It  should  be  mentioned,  how- 
ever, that  in  the  opinion  of  other  physicians  spirits  (Schnaps)  have  some 
influence  on  the  production  of  heart  disease.* 

The  disease  is  characterized  by  a  gradmiUy  developing  insufficiency  of  the 
heart.  The  cardiac  insufficiency  may  be  primary  and  may  represent  the 
,  only  effect  of  the  above-mentioned  factors;  or  a  hypertrophy  may  be  pro- 
I  duced  in  addition  to  and  before  the  impairment  of  cardiac  function.  In 
studying  the  pathogenesis  we  must,  therefore,  explain  how  the  strength 
lof  the  heart  is  diminished  by  the  excessive  drinking  of  beer  and  wine  and 
mow,  in  many  cases,  its  labor  is  increased. 

\  That  hypertrophy  of  the  muscvlature  really  can  he  produced  by  the  exces- 
sive drinking  of  beer  may  be  regarded  as  positively  proved  by  the  extensive 
observations  of  Bollinger. 

In  the  Munich  cases,  chiefly  described  by  Bollinger,  the  weight  of  the 
heart  is  exceedingly  large  as  compared  with  that  of  the  body.  It  is  true 
that  the  pericardial  fat  was  not  removed  from  the  heart  before  the  organ 
was  weighed,  although  some  of  the  individuals  must  have  been  obese.  But 
this  omission  cannot  possibly  be  said  to  vitiate  the  value  of  his  figures, 
not  only  because  Bollinger  distinctly  excluded  hearts  with  an  unusual 
amount  of  fat  from  the  investigation,  but  also  because  the  relation  is  so 
very  different  from  the  normal.  The  mere  presence  of  the  pericardial 
fat  could  not  cause  an  error  of  any  consequence. 

In  these  cases  of  hypertrophy  the  weight  of  the  heart  often  attains 
an  extraordinary  degree,  and,  judging  from  the  reported  observations, 
the  walls  of  both  ventricles  are  thickened. 

/^    H3rpertrophy  the  result  of  copious  beer-drinking  is  observed  mostly  in 

/  persons  between  twenty  and  forty  years  of  age;  it  is  needless  to  say,  almost 

exclusively  among  men,  and  it  has  been  found  most  frequently  in  men 

whose  occupation  continually  demands  or  compels  them  to  drink  large 

\  quantities  of  beer. 

Some  of  the  individuals,  besides  consuming  large  quantities  of  beer,  did  very 
heavy  work;  many  of  them  smoked  to  excess,  some  of  them  were  addicted  to  sexual 
excesses,  and  most  of  them  were  very  well  nourished.    The  beer  itself  contains  large 

Quantities  of  carbohydrates,  which  are  thus  introduced  into  the  body.  There  is  no 
oubt,  therefore,  that  a  combination  of  causes  is  at  work  in  these  cases  also;  but  the 
ingestion  of  alcoholic  beverages  is,  nevertheless,  so  much  the  more  prominent,  that 
it  must  be  held  chiefly  responsible  for  the  effect  produced.  It  is  the  factor  that  is 
rei)eated  again  and  again  and,  besides,  it  is  sometimes,  according  to  reliable  authori- 
ties, the  only  factor  present. 

So  far  as  I  can  see,  the  statements  of  the  Munich  investigators  for  the  present 
justify  the  assertion  that  the  immoderate  drinking  of  beer  is  capable  of  producing 
hyp)ertrophy  of  the  heart. 

But  I  am  less  confident  in  the  assertion  that  hypertrophy  of  the  heart 
develops  from  excessive  eating  and  the  drinking  of  wine.  Hypertrophy 
doubtless  occurs  also  in  wine-drinkers  and  gluttons;  but  so  far  as  I  see, 
in  at  least  a  great  many  cases  arteriosclerosis  and  diseases  of  the  kidney 
may  be  held  responsible  for  its  development.  A  discussion  of  a  cardiac 
hypertrophy  due  to  excessive  indulgence  in  alcoholic  beverages  should 

*  Compare  Aufrecht, "  Archiv  fttr  klinische  Medicin,"  vol.  liv,  p.  615.  Tresillian, 
"Edinburgh  Journal,"  June,  1898. 
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include  only  those  cases  in  which  there  is  no  known  cause  for  the  occurrence 
of  hypertrophy  other  than  the  ingestion  of  these  beverages. 

According  to  the  Munich  investigators,  h)rpertrophy  is  an  absolutely 
frequent  result  in  beer-drinkers.  Bauer,  Bollinger,  and  Rieder,  whose 
description  I  chiefly  follow  in  this  work  because  they  had  the  best  oppor- 
tunity to  make  a  large  number  of  observations,  assert  that  the  h3rpertrophy 
is  from  the  beginning  associated  withdilatation — ^that  is,  with  an  increaised 
quantity  of  blood  in  the  ventricles.  (The  explanation  of  its  production 
rests  on  the  fact  that  each  individual  portion  of  the  heart,  owing  to  the 
increase  in  the  systolic  output,  performs  more  work,  and  this  increase  in  the 
work  is  quite  marked.    H3rpertrophy  is  the  result,  j 

Unfortunately,  we  still  lack  the  data  necessary  for  a  detailed  discussion 
of  the  pathogenesis.  The  drinking  of  moderate  quantities  of  beer  and 
wine  causes  a  rise  in  the  blood-pressure  lasting  a  few  hours,  this  rise  being 
quite  variable  in  different  individuals.*  As  it  is  not  to  be  supposed  that 
the  filling  of  the  various  portions  of  the  heart  is  correspondingly  diminished, 
— since  the  opposite  is  much  more  probable, — one  might  assiune  an 
increase  in  the  labor  of  the  heart  for  this  reason  alone.  But  we  do  not 
know  whether  this  increase  also  occurs  when  the  individual  has  become 
accustomed  to  this  definite  quantity  of  wine  or  beer,  which  is  the  all- 
important  point.  It  does  not  seem  probable  that  the  increase  in  the  labor 
of  the  heart  is  due  simply  to  the  propulsion  of  a  larger  quantity  of  fluid. 
Such  a  supposition  is  not  even  justified  on  theoretic  grounds,  and,  besides, 
it  is  well  known  that  the  drinking  of  excessive  quantities  of  water  produces 
only  a  very  slight  effect.  We,  therefore,  have  to  consider  either  a  direct 
increase  in  the  work  of  the  heart,  or  an  indirect  increase  brought  about 
by  modification  of  the  blood  or  changes  in  the  blood-vessels  and  as- 
sociated with  an  increase  of  the  volume  of  the  heart-beat. 

Here  we  begin  to  tread  on  uncertain  ground;  we  do  not  know  what  else  is  re- 
sponsible for  the  increase  in  the  labor  of  the  heart.  The  theory  that  alcohol  is  the 
sole  active  agent  may  be  discarded  at  once.  Against  this  theory  we  have,  in  my 
opinion,  the  very  great  rarity,  not  to  say  complete  absence,  of  cardiac  hyp)ertrophy 
among  exclusive  whiskey  (Schnaps)  drinkers.  As  has  been  pointed  out,  oeer-drink- 
ing  is  the  most  important  cause;  but  beer  contains,  besides  alcohol,  a  number  of  other 
active  agents,  as  well  as  large  quantities  of  readily  assimilable_carb0hydrates,  and, 
therefore,  has  a  high  nutritive  value. 

Bollinger  lays  greaTstress  on  the  fact  that  there  is  plethora.  It  is  probable  that 
plethora  increases  the  labor  of  the  heart,  nor  can  the  possibility  of  its  existence  by 
any  means  be  denied.  But  neither  has  it  been  proved;  and  if  we  admit  the  existence 
of  plethora,  we  open  the  door  to  various  other  questions  that  must  be  answered. 
Does  plethora  develop  in  all  beer-drinkers,  and  if  so,  why  does  the  heart  hvpertrophy 
only  m  some  and  not  in  others?  Again,  is  plethora  always  accompanied  by  hyper- 
trophy of  the  heart,  and  why  does  plethora  develop  only  in  some  drinkers  and  not  in 
others?  We  know  nothing  at  all  about  the  effects  of  the  friction  of  the  blood,  nor 
about  the  condition  of  the  vessels  in  beer-drinkers. 

In  regard  to  the  production  of  cardiac  hypertrophy  in  gluttons,  certain  spec- 
ulative theories  have  been  advanced  which  I  need  not  enter  into.  Plethora  may  be 
thought  of  in  these  cases  also,  but,  of  course,  any  explanation  of  the  modus  operandi 
meets  with  the  same  difficulties.  Although  all  that  has  been  said  about  the  habitual 
overfilling  of  the  abdominal  vessels  by  excellent  investigators  assuredly  does  not 
belong  to  the  realm  of  fable,  any  attempt  to  argue  on  the  basis  of  these  statements 
that  there  is  an  increase  in  the  work  of  the  heart  would,  in  the  present  state  of  our 
knowledge,  be  absolutely  futile. 

Any  theory  that  may  be  advanced  in  the  future  will  have  to  reckon 
with  a  number  of  circumstances.    Cardiac  hypertrophy  after  the  excessive 

*  Rieder,  "  Archiv  ftlr  klinische  Medicin,"  vol.  Iv,  p.  8. 
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drinking  of  beer  only  occurs  in  a  certain  proportion  of  those  who  are  ex- 
posed to  the  same  injurious  influence  in  the  same  way.  It  follows  that  the 
conditions  necessary  for  increasing  the  work  of  the  heart  arise  only  under 
certain  circumstances.  Hence  the  mechanism  is  not  the  same  as  in  cases 
of  valvular  lesions,  for  example.  An  aortic  insufficiency ^  if  severe  enough, 
imder  all  circumstances  causes  dilatation  and  h3rp^trophy  of  the  left 
ventricle;  but  the  excessive  drinking  of  beer  does  noTnecessarily  produce 
any  effect  at  all.  Perhaps,  after  all,  the  fault  lies  in  the  cooperation  of 
several  factors,  as  I  have  frequently  pointed  out.  /"One  cannot  help  think- 
ing that  muscular  exercise  exerts  a  peculiar  influence  on  the  oi^anism  in 
alcohol  drinkers)  (^s  I  tried  to  show  in  the  preceding  section,  active 
innervation  of  tne  skeletal  muscles  causes  a  marked  increase  ia  the  work 
of  the  heart  and  the  demands  made  upon  the  heart. )  It  is  quite  conceivable 
that  this  effect  is  specially  marked  in  drinkers. 

/  In  any  case  there  are  two  more  reasons  that  iacline  us,  for  the  present, 
'to  abandon  any  attempt  to  explain  this  cardiac  h3rpertrophy  both  in  beer- 
drinkers  and  in  wine-drinkers.  The  first  of  these  reasons  is  foimd  ia  the 
relation  of  hypertrophy  to  arteriosclerosis.  I  need  not  here  discuss  the 
connection  between  the  cardiac  and  the  arterial  disease  in  detail,  because 
it  will  be  explained  in  another  place.  It  is  a  fact,  however,  that  sclerosis 
of  the  vessel  is  present  in  not  a  few  of  the  patients  belonging  to  this  class, 
especially  in  those  who  have  been  addicted  to  excessive  eating  and  wine- 
dnnking,  and  in  such  a  case  the  sclerosis  must,  of  course,  be  taken  into 
account  in  explaining  the  cardiac  h3rpertrophy.  The  second  reason  is 
found  in  the  betiavior  of  the  kidneys.  In  beer-drinkers  these  organs  have 
been  very  carefully  examined.*  They  often  present  atrophic  ^processes 
which  manifestly  bear  the  closest  resemblance  to  granular  s^rophy,  and 
the  latter  undoubtedly  has  a  very  considerable,  although  still  unexplained, 
influence  on  the  work  of  the  heart.  The  frequency  and  mlensity  of  the 
renal  changes  ought,  therefore,  to  be  made  the  subject  of  careful  observa- 
tion in  the  future. 

>  While  hypertrophy  of  the  heart  occurs  only  in  a  certain  proportion  of 
/cardiac  disturbances  following  the  excessive  drinking  of  15^  and  wine, 
insufficioicy  of  the  heart  is  regularly  found.  I  have  never  seen  hjrper- 
tropBy 'without  insufficiency,  although  I  have  seen  numerous  cases  of 
caidiac  weakness  presenting  nothing  whatever  to  justify  the  assumption 
of  hypertrophy.  Nor  have  I  ever  found  in  the  literature  a  description 
of  cardiac  hypertrophy  due  to  the  abuse  of  beer  without  insufficiency  of 
lie  organ. 

In  many  respects,  however,  we  are  still  far  from  a  clear  understanding 
of  the  pathogenesis  of  cardiac  insufficiency.  In  a  number  of  h3rpertrophic 
hearts  which  had  become  weak  I  was  myself  able  to  demonstrate  the 
presence  of  inflammatory  processes  in  the  musculature  as  the  cause  of  the 
insufficiency.f  These  processes  consisted  of  round-cell  infiltration  beneath 
the  endocardium  or  pericardium  or  in  the  muscle  alone,  foci  of  connective 
tissue  in  various  stages  of  development,  and  inflammatory  processes  in  the 
vessels.  Degeneration  of  the  nuclei  and  the  protoplasm  of  the  muscle- 
fibers  was  also  not  infrequently  found.    Curschmann,  in  his  well-known 

*  Puricelli,  in  Bollinger's  ''Arbeiten  aus  dem  pathologischen  Institut  zu  MQn- 
chen/'  Stuttgart,  1886,  p.  262.  Horn  and  Schmiaus,  "Die  cyanotische  Indura- 
tion der  Nieren,"  Wiesbaden,  1893. 

t  Krehl,  "Archiv  fiir  klinische  Medicin,"  vol.  xlviii,  p.  414. 
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case,*  saw  a  wide-spread  fatty  desperation  of  the  muscle-fibers,  and  the 
same  alteration  is  mentionedoyother  authors.  " 

The  inflammatory  processes  in  the  cases  which  I  examined  were  infec- 
tious or  toxic  in  cnaiacter;  at  least  they  exhibited  the  greatest  similarity 
to  processes  observed  in  infectious  diseases  and,  as  a  matter  of  fact,  the 
history  of  these  patients  often  contained  mention  of  infectious  diseases, 
especially  syphilis,  so  that  one  might  be  inclined  to  regard  these  processes 
as  the  remains  of  such  diseases.  It  is  also  possible,  however,  that  persons 
with  a  cardiac  h3rpertrophy  of  this  kind  are  more  susceptible  to  a  fresh 
infection , — for  instance,  the  well-known  fact  that  a  diseased  heart  is  greatly 
susceptible  to  injury  during  infectious  diseases, — or  that  the  alcohol  or 
some  other  ingredient  of  the  beverages  taken  in  excess  is  not  altogether 
free  from  the  blame  of  having  produced  such  inflammatory  degenerative 
processes.  (  I  may  also  point  out  the  complication  with  inflammation  of  the 
coronary  vessels,  which  we  all  know  greatly  injures  the  function  of  the 
.  heart.  / 

Hence  in  these  cases  the  causes  of  the  cardiac  insufiiciency  are,  at  least 
in  part,  understood,  and  one  might  be  inclined  to  generalize  from  these 
cases,  were  it  not  for  certain  definite  assertions,  especially  those  of  Bol- 
linger, to  the  effect  that  in  the  Mimich  beer-drinkers  inflammatory  degen- 
erative processes  are  usually  not  foimd.  It  is  true  that  in  his  investiga- 
tions the  hearts  were  not  examined  systematically,  which  imdoubtedly 
ought  to  be  done.  In  short,  it  will  not  be  possible  to  give  a  final  judgment 
until  the  question  has  been  further  investigated. 

As  we  have  already  seen,  the  process  known  as  fatty  degeneration  has 
frequently  been  found  in  hearts  of  this  kind — ^for  example,  by  Curschmann. 
Our  present  views  in  regard  to  its  relation  to  the  functional  capacity  of  the 
heart  are  discussed  on  p.  500.  But  fatty  d^eneration  is  also  frequently 
absent  in  the  conditions  under  consideration  (see  Bollinger's  observations), 
or  at  least  it  is  so  slight  in  extent  that  it  cannot  be  regarded  as  of  vital 
importance. 

Finally,  it  must  be  remembered  that  alcohol,  through  the  poisons  it 
contains,  perhaps  produces  a  certain  weakness  of  the  heart  muscle,  so 
that  it  perhaps  more  readily  succumbs  not  only  to  the  ordinary  demands 
of  life,  but  still  more  to  any  unusual  exertion.  /Again  I  wish  to  point  out 
the  injurious  influence  of  the  combined  action  of  severe  muscular  exertion 
and  the  excessive  drinking  of  beer  and  wine.j  Among  students,  for  exam- 
ple, one  often  does  not  know  which  of  the  two  factors  to  consider  the 
chief  cause  of  an  existing  cardiac  insufiiciency. 

/  Symptoms. — ^The  first  to  appear  are  usually  symptoms  of  diminished 
functional  capacity  of  the  heart  in  every  conceivable  gradation.  Often 
the  symptoms  are  at  first  only  subjective;  the  patients  say  they  are  unable 
to  perform  certain  muscular  exertions  as  well  as  formerly.  At  the  same 
!  time  slight  sensory  disturbances  are  often  present — ^pressure  and  a  certain 
,  sense  of  pain  in  the  chest  and  sometimes  a  feeling  of  anxiety. 

The  objective  examination  at  this  time  need  not  necessarily  show  any- 

'  thing  abnormal,  or  slight  modifications  of  the  heart  action,  consisting  in 

acceleration  and  irregularity,  and  especially  a  certain  labile  quality,  are 

found,  so  that  eveifslight  muscular  movements  or  mild  emotion  have  an 

altogether  disproportionate  effect  on  the  frequency  and  rhjrthm  of  the 

'^  heart. 

The  next  sign  that  is  noticed  is  a  slight  dilatation  of  both  ventricles, 
*  Curschmaim,  "Archiv  fttr  klinische  Medicin/'  vol.  xii,  p.  193. 
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and  now  the  first  sound  at  the  apex  frequently  becomes  impure.  Not 
rarely  the  second  sounds  at  the  base  are  accentuated,  spUt,  or  unequal. 
The  pulse  is  often  extremely  soft.  Even  now  one  practically  never  finds 
the  signs  of  altered  blood  distribution  nor  congestion  in  the  liver,  skin,  or 
kidneys.  I  do  not  remember  ever  to  have  seen  albuminuria  imder  these 
conditions. 

These  symptoms  are,  therefore,  signs  of  diminished  cardiac  function. 
I  first  made  their  acquaintance  among  students,  and  the  s3miptoms  ob- 
served in  those  who  eat  and  drink  to  excess  are  quite  similar.  Why  the 
excessive  drinking  of  beer  in  young  men,  like  students,  at  once  leads  to  the 
appearance  of  signs  of  cardiac  insufficiency  is  not  altogether  clear;  pos- 
sibly the  reason  is  to  be  found  in  the  above-mentioned  cooperation  of 
beer-drinking  with  factors  which  in  themselves  are  apt  to  injure  the 
functional  capacity  of  the  organ.  ^  In  the  case  of  excessive  eaters  I  always 
suspect  that  coronary,  sclerosis  has  a  good  deal  to  do  with  the  etiology; 
at  all  events,  the  prognosis  in  such  cases  is  much  less  favorable  than  among 
young  men.) 

As  has  rarely  been  stated,  hypeHroj^yjwiih^iUitalion  now  develops 
in  addition  to  the  above-described  dilatation.  This  condition  is  found 
chiefly  in  persons  who,  for  years;  have  drunk  large  quantities  of  beer  in  the 
course  of  their  work.  This  point  seems  to  be  positively  established  by 
a  large  number  of  autopsies  made  in  Munich.  During  life  we  find  the 
signs  of  enlargement  to  the  left  and  to  the  right,  a  more  forcible  apex 
impulse,  accentuated  second,  sounds  at  the  base,  and  frequently  also  a 
systoli(t.niurmur  at  the  apex,  which  may  be  due  to  muscular  insufficiency 
of  the  mitral  valve.  Minute  examination  of  the  peripheral  vessels  fre- 
quently shows  tortuosity  and  sclerosis  of  the  arteries.  The  pulse  is  often 
accelerated  and  often,  at  the  best  of  times,  slightly  irregular  and  unequal, 
rarely  of  abnormally  high  tension. 

/      The  symptoms  which  induce  patients  with  this  form  of  hypertrophy 
and  dilatation  to  consult  the  physician  are  either  signs  of  cardiac  insuffi- 
ciency or  sensory  disturbances f  that  is,  a  sense  of  pr^ure  and  3Spmfort 
in  the  chest,  oTteh*  associated  with  a  certain  anxiely.    These  symptoms 
develop  either  after  muscular  exercise  and  emotion  or  without  any  direct 
cause;  they  usually  appear  first  at  night.    The  patient  goes  to  bed  feeling 
perfectly  comfortable,  falls  asleep,  and  awakes  after  from  one  to  three 
hours  with  dyspnea  and  a  sense  of  fear  and  pressure  on  the  chest.    These 
symptoms  vary  greatly  in  intensity;  they  often  disappear  after  a  quarter 
.  to  a  half-hour,  not  to  return  for  days  or  weeks,  and  then  either  with  the 
\  same  or  with  increased  severity.    Later,  severe  attacks  of  dyspnea  or 
V  cardiac  fear  develop,  but  these  are  rarely  the  first  S3mfiptom8. 

In  discussing  the  diagnosis  it  will  be  mentioned  that  the  latter  is  often 
,  rendered  very  difficult  by  the  fact  that  these  nocturnal  or  diurnal  attacks 
may  be  extremely  mild  for  months.  This  is  eminently  a  case  in  which 
nature  refuses  to  be  bound  by  rules,  and  it  must  be  remembered  that 
stenocardia,  like  asthma,  presents  many  more  rudimentary  and  transi- 
tional forms  than  is  generally  thought. 

The  phenomena  of  cardiac  insufficiency  next  make  their  appearance,  or, 
as  frequently  happens,  they  may  form  the  first  link  in  the  chain  of  dis- 
turbances. The  mildest  degrees  of  cardiac  insufficiency  have  already  been 
described,  and  these  may  be  present  in  exactly  the  same  way  in  the  cases 
here  under  consideration.  As  a  rule,  however,  the  morbid  process  does 
not  stop  there,  and  all  the  signs  of  altered  blood  distribution  develop;  edema 
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makes  its  appearance  and  the  liver  enlarges.  The  albuminuria,  which  until 
now  had  been  only  temporary  and  mild,  now  becomes  quite  marked. 
White  and  red  blood-cells,  as  well  as  hyaline  and  not  infrequently  granular 
and  epithelial  casts,  make  their  appearance.  I  have  often  seen  patients 
of  this  kind  come  to  the  Policlinic  with  dilatation  and  hypertrophy  of  the 
heart;  the  urine  contained  large  quantities  of  albumin  and  the  above- 
mentioned  morphologic  elements.  (The  diagnosis  was  in  doubt  between 
**  beer  heart"  with  congestion  of  the  kidneys  and  hypertrophy  with  dilata- 
tion  of  the  heart  accompanying  a  chronic  nephritis  J  Alter  a  few^ays' 
rest  at  home  or  in  the  wards  and  the  administration  of  digitalis  both 
albumin  and  formed  elements  disappeared  from  the  urine.  (The  diagnosis 
of  "nephritis"  might  seem  erroneous;  but  it  is  a  question  whether  it  is 
not  often  correct.  ) 

The  enfeebled  heart  is  enlarged  in  bothiiirections.  The  apex  impulse 
is  displaced  to  the  left  and  sometimes  downward;  it  is  either  relatively 
or  absolutely  weak,  or,  in  cases  of  hypertrophy,  not  infrequently  more 
resistant  and  sometimes,  on  account  of  the  dilatation,  abnormally  high 
(heaving).  The  heart  action  is,  as  a  rule,  irregular  and  unequal,  mostly 
accelerated,  although  I  have  kaown  "beer  hearts"  in  which  the  rate 
became  abnormally  slow  during  the  last  weeks — 50  beats  and  even  less. 

■  Not  infrequently  a  systolic  murmur  is  heard  at  the  apex.    The  radialj)ulse 

;is  always  smdl  and  soft. 

In  the  lungs  and~abdominal  organs  the  same  signs  of  congestion  are 
found  as  in  all  other  forms  of  congestion;  embolism,  of  course,  may  also 

I  occur;  the  patients  develop  jaundice — ^in  short,  one  sees  the  well-lmown 

\picture  of  profound  cardiac  weakness. 

;  In  addition  to  the  findings  in  the  heart,  not  a  few  of  these  patients 
present  the  ordinary  appearance  of  chronic  alcohol  intoxication,  which 
again  may  be  of  importance  in  forming  an  opinion  of  the  changes  in  the 
heart.  The  liver  is  not  infrequently  large  and  hard,  and  one  may  at 
first  be  in  doubt  whether  the  case  is  not  one  of  simple  hepatic  congestion. 
But  the  organ  retains  its  form  and  consistency  even  when  all  other  signs 
of  congestion  subside;  ascites  remains,  and  cirrhotic  changes  due  to 
alcohol  are  at  least  probable  (compare  p.  523)  .*  It  is  also  possible  that  the 
kidneys  themselves  are  not  infrequently  directly  injured  by  the  alcohol. 
/      The  clinical  course  in  this  group  of  cases  is  extremely  variable.    There 

•are  some  patients,t  albeit  very  few,  who,  after  enjoying  practically 
perfect  health,  more  or  less  suddenly  develop  cardiac  insufficiency  either 
as  a  result  of  some  external  cause,  such  as  an  infectious  disease,  severe 
bodily  exertion,  and  especially  alcoholic  excesses,  or  from  some  unknown 
cause;  and  either  die  in  a  short  time  or,  if  suitably  treated,  may  recover 
and  continue  relatively  well.  But  a  more  protracted  course  is  much  more 
conmion,!  and  personally,  although  I  have  had  a  large  experience,  I  have 
never  seen  this  rapid,  malignant  type,  in  which  the  patient  dies  at  once  in 
the  first  attack  of  cardiac  insufficiency. 

i  As  a  rule,  after  the  patient  had  complained  for  months  or  even  years, 
true  cardiac  weakness  finally  developed,  subsided  again  on  suitable  treat- 
ment, and  was  followed  by  a  variable  period  of  relative  health.  Ultimately, 
however,  the  condition  unavoidably  leads  to  death,  unless  the  bad  habits 
are  given  up  altogether.    If  the  patient  has  sufficient  eneigy  to  change  his 

♦  Compare  Aufrecht's  communications. 

t  Compare  the  statements  of  Bauer  in  the  ''  Festschrift"  to  Pettenkofer. 

X  Compare  Rieder,  Aufrecht,  and  many  experiences  of  my  own. 
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mode  of  life,  the  condition  is  often  completely  arrested  and  the  patient 
llives  on  in  tolerable  comfort  and  may  possibly  be  able  to  do  his  work.  In 
onilder  cases  recovery  is  not  at  all  rare — even  perfect  recovery  as  r^ards 
bodily  and  mental  capacity.  I  have  seen  such  results  among  students, 
Ifor  example. 

I  So  it  is  among  beer-drinkers  and  so  it  may  be  among  those  who  eat  and 
'drink  to  excess;  but  I  have  an  impression  that  in  the  latter  nocturnal 
;  attacks  of  stenocardia,  asthma,  or  mixed  attacks  early  become  a  prominent 
.  feature  and  may  for  some  time  constitute  the  only  symptom,  while  the 
';  patient's  ability  to  stand  physical  exertion  is  still  practically  unimpaired. 
.  In  beer-drinkers  this  is  also  sometimes  the  case,  but  I  believe  much  more 
Varely. 

I  Toward  the  end  cardiac  dyspnea  plays  an  important  r61e  in  all  these 
cases;  the  patients  often  suffer  horribly  day  and  night. 

No  one  who  has  had  any  experience  in  diseases  of  the  heart  will  fail 
to  see  the  great  resemblance  of  many  conditions  belonging  to  this  class 
to  the  conditions  occurring  in  coronaijLSclerosis;  this  resemblance  is, 
indeed,  quite  striking.  It  has  both  theoretic  and  practical  importance. 
As  a  matter  of  fact,  distinct  changes  in  the  coronary  vessels  are  not  in- 
frequently found  at  the  autopsy,  especially  in  those  who  eat  and  drink 
to  excess — in  fact,  I  believe  in  ttie  majority  of  these  cases.  It  once  more 
shows  how  very  complicated  the  etiologic  relations  are — so-called  uncom- 
plicated cases  are  extremely  rare. 

Diagnosis. — In  spite  of  the  diminished  functional  capacity  of  the 

heart,  objective  examination  does  not  necessarily  yield  any  positive  results ; 

or  dilatation  of  the  ventricles  may  be  found,  possibly  associated  with 

hypertrophy.    Whether,  and  to  what  extent,  these  conditions  are  present 

must  be  determined  according  to  the  rules  laid  down  on  p.  492.   Anomalies 

of  the  heart  action  and  sensory  disturbances  complete  the  clinical  picture. 

/      The  latter  is  not  very  characteristic.    At  first  the  appearance  may  be 

,'  exactly  the  same  as  in  nvi^o^^ditis,  the  form  of  heart  disease  produced 

;  by  severe  muscular  exertion,  or  the  forms  occurring  in  the^ese,  in  neph- 

1  litis,  and  after  coron^ry^^clerosis.    The  history  here  asserts  its  rights. 

.  It  shows,  at  any  rate,  to  what  extent  muscular  exertion  is  the  causa 

morbi  and  whether  there  is  alcoholism  in  the  case. 

^     With  regard  to  the  statements  obtained  in  regard  to  alcoholism,  two 

/things  must  be  remembered:  In  the  first  place,  the  patient  is  very  likely 

j  to  misrepresent  the  facts;  and,  in  the  second  place,  one  man  may  be  able 

1  to  dispose  of  a  quantity  of  wine  and  beer  without  any  trouble  which 

\  would  be  distinctly  harmful  to  another. 

The  existence  of  any  of  the  ordinary  forms  of  nephritis  can  be  deter- 
mined by  examining  the  urine  (compare  p.  526),  and  the  condition  of  the 
eye-ground  must  also  be  taken  into  account.  It  is  true  that  the  relations 
between  the  conditions  here  under  consideration  and  diseases  of  the 
kidneys  are  still  obscure,  and  I  have  often  had  occasion  to  point  out  that 
certain  peculiar  forms  of  nephritis  perhaps  play  an  important  r61e  in  the 
pathogenesis,  at  least  in  those  cases  in  which  there  is  hypertrophy  of  the 
heart  muscle.* 

\  There  only  remains  to  discuss  the  differential  diagnosis  between  the 
form  of  heart  disease  that  occurs  in  the  obese,  on  the  one  hand,  and  coro- 
Viary  sclerosis  and  myocarditis,  on  the  other.    This  distinction  may  be 

*  C!ompare  the  interesting  observations  by  Hirsch,  "Archiv  fttr  kiinische  Medi- 
cin,"  vol.  Ixviii,  p.  55. 
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exceedingly  difficult  and  often  quite  impossible  because  the  conditions 
merge  into  one  another.  For  example,  who  would  venture  to  exclude 
sclerosis  of  the  coronary  arteries  when  stenocardiac  conditions  are  present? 
How  many  of  those  who  are  addicted  to  excessive  eating  and  drinking 
are  not  also  obese?  How  often  is  not  obesity  due  to  excessive  eating  and 
alcoholism?  Even  myocarditis  not  infrequently  occurs  under  the  same 
circumstances.  Hence  a  very  guarded  opinion  must  be  given  in  such  a 
case,  especially  if  one's  acquaintance  with  the  patient  is  only  slight.  If 
the  physician  already  knows  whether  treatment  has  been  given  and 
whether  it  has  been  effective  or  not,  he  is  in  a  much  better  position  to  give 
an  opinion. 

Treatment  and  Prognosis. — ^The  first  and  most  important  part  in  the 
treatment  consists  in  ttie  complete  withdrawal  of  alcoholic  beverages. 
If  the  heart  retains  any  functional  power  at  all,  this  should,  in  my  opinion, 
be  strictly  and  inexorably  insisted  upon  because,  in  the  first  place,  it  is 
best  for  the  heart,  and,  in  the  second  place,  it  is  impossible  to  keep  patients 
of  this  class  within  bounds  if  they  are  permitted  to  take  alcohol  even  in 
sinall  quantities.    As  a  rule,  they  are  not  amenable  to  reason. 

In  a  few  cases,  when  the  patient  is  on  the  other  side  of  fifty  and  already 
exhibits  a  considerable  d^ree  of  cardiac  weakness,  the  sudden  withdrawal 
of  alcohol  may  seem  a  daring  procedure.  In  such  cases  beer,  at  least, 
must  De  forbidden  altogether  and  the  patient  must  be  advised  to  take 
small  quantities  of  some  rather  light  Rhine  or  Palatinate  wine. 

Next  the  diet  must  be  carefully  regulated.  In  the  first  place,  the 
excessive  quantities  of  meat  that  many  of  these  patients  are  in  the  habit 
of  eating  are  certainly  not  beneficial,  and,  in  the  second  place,  the  non- 
nitrogenous  substances  must  also  be  restricted,  for  there  is  obviously  a 
certain  degree  of  obesity  in  many  of  these  cases.  Many  of  the  principles 
that  obtain  in  the  treatment  of  heart  disease  due  to  obesity  must  be 
followed  in  these  cases  alone. 

If  the  patients  are  still  free  from  any  obvious  signs  of  circulatory  dis- 
turbance, such  as  edema  and  congestion  of  the  liver,  a  carefully  supervised 
course  of  exercises  (Bewegungscur)  may  be  ordered.  Exercises  often  do 
a  great  deal  of  good  in  these  very  cases  by  strengthening  the  heart  muscle. 
It  is  of  the  utmost  importance  to  read  the  indications  rightly,  that  is  to 
say,  to  determine  whether  the  heart  still  responds  to  the  demands  incident 
to  the  muscular  movements,  which  can,  of  course,  only  be  determined  by 
general  principles.  Whenever  excessive  eating  and  drinking  are  at  the 
bottom  of  the  trouble;  when  the  patient,  either  from  the  necessities  of 
his  calling  or  from  choice,  had  led  a  sedentary  life;  when  abdominal 
plethora — a  condition  that  is  perfectly  familiar  to  the  physician,  although 
theoretically  but  imperfectly  understood — is  present,  a  so-called  reduction 
cure  may  be  tried,  that  is,  the  patient  may  be  ordered  to  drink  some  alka- 
line saline  mineral  water  or  may  be  sent  to  Carlsbad,  Marienbad,  Kissingen, 
Neuenahr,  or  Tarasp. 

But  the  treatment  should  never  be  confined  to  one  of  these  "cures." 
The  main  thing  is  that  the  patient's  entire  mode  of  life  in  regard  to  eating, 
drinking,  and  exercise  must  be  established  on  a  rational  basis,  not  only 
for  a  time,  but  for  the  rest  of  his  life.  If  this  is  done,  really  good  results 
and  even  recovery  may  be  effected  in  early  cases  of  this  disease;  the 
dilatation  may  subside  and  the  hypertrophy  perhaps  also;  the  greatly 
damaged  functional  capacity  of  the  organ  may  become  moderately  good 
or  even  be  completely  restored. 
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Even  if  severe  circulatory  disturbances  have  already  developed,  very 
satisfactory  results  can  be  achieved  by  a  combination  of  dietetic  and 
mechanic  (mechanotherapeutic)  measures,  as  Oerters  well-known  observa- 
tions have  shown.  But  too  much  should  not  be  expected  from  this 
method  of  treatment.  After  ascertaining  in  a  general  way  the  functional 
capacity  of  the  heart  muscle  in  a  given  case,  one  should  carefully  deter- 
mine how  much  in  the  way  of  exercise  the  heart  is  still  able  to  bear.  As 
soon  as  edema,  congestion  of  the  liver,  and  marked  albuminuria  make  their 
appearance,  I  urgently  advise  rest,  restriction  of  the  diet,  and  digitalis; 
and  not  until  after  these  remedies  have  had  their  effect — or  even  if  they 
fail,  but  then  with  only  the  greatest  caution — an  attempt  may  be  made 
to  strengthen  the  heart  by  means  of  exercises  and  carbon  dioxid  baths. 
In  general,  it  seems  to  me  much  more  advisable  to  adopt  as  vigorous 
measures  as  possible,  exactly  as  in  other  "disturbances  of  compensation." 
The  outlook  is  often  less  favorable  in  these  cases  than  in  lesions  of  the 
mitral  valve;  although  similar  results  are,  nevertheless,  not  infrequently 
obtained;  partly  as  the  result  of  rest  and  changing  the  mode  of  life  and 
partly  under  the  action  of  digitalis  the  congestion  phenomena  subside,  the 
dilatation  of  the  heart  diminishes,  and  its  contractions  become  more 
vigorous.  It  is  true  that  complete  recovery  is  no  longer  to  be  thought 
of;  physician  and  patient  must  be  content  if  the  condition  becomes 
tolerable  and  the  organ  regains  a  certain  degree  of  functional  capacity. 
This  is  by  no  means  always  the  case.  Many  beer-drinkers  die  when  con- 
gestive phenomena  first  appear,  as  observations  in  Munich  especially 
show,  and  there  is  no  doubt  that  after  recovery  from  the  first  attack  every 
renewed  impairment  of  the  strength  of  the  heart  renders  the  prospect  less 
favorable.  Finally,  there  comes  a  stage  in  which  digitalis  fails.  This  is 
the  beginning  of  the  end,  although  it  is  sometimes  weeks  before  the  poor 
sufferer  is  relieved  from  his  torment  and  terrible  dyspnea. 

Clinical  Histories. — H.  A.,  twenty  years  old,  student  in  philology  in  Jena. 
Mother  very  nervous;  father  and  one  sister  healthy.  Had  measles,  scarlet  fever, 
and  frequentlv  ''diphtheria."  Was  delicate,  and  until  the  twelfth  vear  wore  a  brace. 
Never  suffered  from  heart  disease.  Since  the  fall  of  1897,  when  he  became  a  student, 
has  been  drinking  a  good  deal  of  beer. 

On  the  evening  of  the  fifteenth  of  Ma^,  1898,  although  nothing  special  had  hap- 
pened during  the  day,  he  was  suddenly  seized  while  in  bed  with  oppression,  dyspnea^ 
and  a  sense  of  fear.  The  condition  persisted  during  the  entire  night,  and  tne  patient 
did  not  get  to  sleep  until  toward  morning.  He  3ept  late  and  then  felt  wdl.  In 
the  afternoon  the  assistant  at  the  Policlinic  discovered  a  slight  enlargement  of  the 
heart  to  the  right,  but  nothing  else.  The  patient  gave  up  drioJcing  beer,  stopped 
smoking,  and  felt  quite  well. 

On  the  twenty-fifth  of  May  he  drank  four  cups  of  strong  coffee  in  a  village,  4  km. 
(2J  miles)  from  Jena.  On  the  way  back  to  town  he  became  ill.  He  felt  oppressed 
and  anxious,  and  it  took  him  three  hours  to  cover  the  distance  of  4  km.  It  was  only 
with  the  greatest  difficulty  and  by  crawling  along  the  ground  part  of  the  way  that 
he  reached  home.  During  the  night  enlargement  of  the  heart  to  the  right  was  again 
found;  the  pulse  was  of  normal  frequency,  verv  soft  and  small,  and  the  slightest 
movement  of  the  body  caused  acceleration  ana  irregularity.  The  patient  was  in 
bed  four  weeks.  The  second  pulmonic  sound  was  sometimes  reduplicated,  but  ex- 
cept for  that  there  were  no  findings  other  than  those  mentioned.  Rest  and  digitalis 
caused  a  disappearance  of  all  the  symptoms. 

He  made  a  good  recovery  during  the  vacation,  but  whenever  he  took  any  violent 
exercise  he  became  distressed.  This  tendency  i)ersisted  after  the  winter  semester 
of  1899.  Once  he  had  to  nm  up  three  flights  of  stairs,  which  again  brought  on  a 
feeling  of  fear  and  oppression.    After  an  hour  he  felt  well ;  no  objective  findings. 

In  December,  1898,  the  patient  had  become  exceedingly  pale,  and  excited  and 
anxious  "on  account  of  the  disease.''  Ck>nstipation,  excitement,  or  emotion  of  any 
kind  caused  palpitation.    He  says  the  heart  at  such  times  beats  forcibly  and  rapidly. 
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As  a  rule,  he  also  has  a  peculiar  feeling  of  wei^t  in  the  left  arm.  Has  already  accus- 
tomed himself  to  going  upstairs  slowly.  Pulse,  108,  very  soft;  otherwise  the  heart 
is  ne«itiye. 

M.  N.,  thirty-one  years  of  age,  waiter.  Father  was  an  inn-keeper,  drank  a  great 
deal,  and  died  of  disease  of  the  heart  and  kidneys.  One  brother,  who  does  not  drink, 
has  heart  disease;  the  mother  is  well.  The  patient  has  drunk  a  great  deal  all  his 
life,  ''as  is  the  custom  in  a  tavern."  "He  learned  it  from  the  students."  Later  the 
patient  became  a  waiter  in  hotels,  wine-rooms,  and  beer-saloons;  he  never  drank 
much  wine  and  whiskey,  which  he  does  not  like,  but  always  drank  a  good  deal  of  beer. 
Owing  to  the  large  quantity  of  beer  that  he  drank  his  appetite  was  always  small  and 
he  ate  very  little. 

Has  to  exert  himself  a  good  deal  and  has  much  to  annoy  him.  About  five  cigar- 
ettes a  day.     Very  little  sexual  indulgence. 

During  childhood  he  had  scrofulosis;  at  the  age  of  fourteen,  scarlet  fever.  Once 
he  broke  his  arm.  At  one  time  he  had  a  chancre;  the  disease  was  said  not  to  be 
sjrphilis;  at  all  events  he  never  had  an  eruption,  inflammation  of  the  throat,  or  inunc- 
tion cure. 

Was  taken  sick  about  the  end  of  1897,  with  palpitation,  pressure  on  the  chest, 
dyspnea,  and  swdling  of  the  feet.  , 

Status  prcBsens  April  5,  1898:  Cyanotic  and  Jaundiced,  very  d^spneic.  Ap)ex- 
beat  in  the  fifth  intercostal  space,  one  finger-breadth  outside  of  the  nipple-line,  weak 
and  soft.  Absolute  dulness  enlarged  to  the  left,  relative  cardiac  dulness  enlarged 
in  both  directions.  Systolic  murmur  at  the  apex;  nothing  special  at  the  base;  pulse 
114,  small,  soft,  regular,  and  uniform.  Bronchitis.  Large,  hard,  sensitive  liver. 
The  urine  contains  much  albumin,  white  and  red  blood-corpuscles,  but  no  casts. 

The  administration  of  3  gm.  (45  grains)  of  digitalis  is  followed  by  a  perfect  flood 
of  urine — from  6  to  6  liters  (quarts)  in  twenty-four  hours.  Albuminuria,  bronchitis, 
and  edema  disappear.  The  congestion  in  the  liver  diminishes  considerably.  Heart 
impulse  in  the  fifth  intercostal  space  in  the  nipple-line,  of  average  force  and  resist- 
ance; absolute  dulness  only  a  little  enlarged  to  the  left;  relative  dulness  normal. 
The  first  sound  at  the  apex  not  quite  pure.  Otherwise  auscultation  reveals  nothing 
special.  Pulse  negative.  No  symptoms  except  a  slight  pressure  on  the  chest. 
Urine  free  from  albumin. 

N.  was  able  to  resume  his  work  as  a  waiter.  Did  a  good  deal  of  hard  work  and 
resumed  his  drinking. 

March,  1899:  During  the  past  weeks  dyspnea  has  returned. 

Status  prcBsens  March  3d.  The  oatient  is  deeply  cyanotic,  icteric,  has  severe 
dyspnea  and  extensive  edema.  Apex-beat  in  the  fifth  intercostal  space,  two  finger- 
breadths  outside  of  the  nipple  line,  exaggerated,  soft,  quite  irregular,  and  unequal; 
110.  Absolute  heart  dulness  extends  to  the  left  nipple-line;  relative  dulness  two 
finger-breadths  beyond  the  right  sternal  margin.  Systolic  murmur  at  the  apex. 
Second  pulmonic  sound  not  accentuated.  Piuse  very  soft  and  small.  Bronchitis, 
congestion  of  the  liver.    The  urine  contains  much  albumin,  no  casts. 

The  administration  of  3  gm.  (45  grains)  of  digitalis  is  followed  by  a  copious 
excretion  of  urine,  the  edema  disappears,  the  dyspnea  improves.  The  patient  fre- 
quently sweats  at  night. 

The  heart  does  not  regain  its  former  dimensions.  Toward  the  end  of  March  the 
precor^  bulges.  Apex-beat  in  the  fifth  intercostal  space  one  finger-breadth  outside 
the  nipple-line,  of  medium  height  and  very  resistant.  Limits  of  absolute  dulness: 
fourth  rib,  left  sternal  margin,  one  finger-breadth  within  the  nipple-line.  Limits  of 
relative  dulness:  third  rib,  two  finger-breadths  to  the  right  of  the  right  sternal  border, 
apex-beat.  All  the  sounds  are  p)erfectly  pure;  the  second  sound  at  the  base  is  every- 
where uniform  and  of  moderate  strength.  The  pulse  is  72,  regular,  uniform,  slow 
{tardus)  and  of  moderate  volume.  The  brachial  arteries  are  tortuous.  The  lung 
and  urine  are  now  negative.  The  liver  is  still  somewhat  larger  and  harder  than 
normal. 
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The  literature  on  diseases  of  the  heart  produced  by  muscle  movements  con- 
tains numerous  important  contributions  to  the  knowledge  of  the  disturbances  here 
discussed. 


THE  DISTURBANCES  OF  CARDIAC  FUNCnON  FOLLOWING 
INTOXICATION  WITH  TOBACCO,  COFFEE,  AND  TEA. 

The  influence  of  tobacco,  coffee,  and  tea  on  the  function  of  the  heart 
has  been  discussed  in  a  former  section  in  connection  with  general  remarks 
on  treatment.  As  these  products  are  not  without  influence  on  the  heart's 
substance,  they  must  be  exhibited  cautiously  to  heart  patients.  For  the 
same  reason  they  become  the  causes  of  cardiac  disturbances  and  play  a  not 
unimportant  part  in  the  etiology,  particularly  in  these  days  when  their 
unlimited  use  is  on  the  increase  in  many  classes  of  the  population. 

I  do  not  refer  to  acute  intoxication  with  these  substances.  In  these 
the  cardiac  symptoms  are  no  more  prominent  than  in  a  number  of  other 
intoxications,  and  we  have  already  stated  that  we  shall  not  include  in  this 
treatise  every  condition  in  which  anomalies  of  the  cardiac  function  occur. 

The  long-continued  use  of  tobacco,  coffee,  or  tea  not  rarely  produces 
cardiac  s3rmptoms  which  are  so  prominent  that  the  condition  may  easily 
be  mistaken  for  heart  disease. 

Tcibaccoj  as  a  rule,  causes  heart  symptoms  only  when  used  to  excess 
and  for  a  long  period  of  time.  I  only  once  saw  heart  S3miptoms  caused  by 
chewing  tobacco,  although  such  conditions  are  unquestionably  much 
more  frequent  in  places  where  the  custom  of  chewing  is  more  wide-spread. 

In  Germany  heart  symptoms  due  to  tobacco-poisoning  occur  practically 
only  among  cigar-smokers.  Many  authorities  believe  that  the  disease  is 
much  more  rarely  produced  by  smoking  cigarettes  and  long  pipes,  while,  on 
the  other  hand,  it  is  said  to  be  quite  frequent  among  those  who  use  the  short 
French  pipes.  There  is  a  wide-spread  impression,  borne  out  by  Fraent- 
zel's  statements,  that  heart  disease  is  most  frequent  in  those  who  smoke 
so-called  imported  cigars.  *This  seems  remarkable;  for  this  variety  is  said 
to  contain  less  nicotin  than  cigars  of  domestic  manufacture,  and  most 
authorities  believe  that  nicotin  is  the  active  substance  (see  p.  478);  at 
least  we  know  of  no  other  of  the  same  importance,  and  all  careful  investi- 
gations point  to  nicotin  as  the  most  significant  constituent  of  tobacco. 
But  I  purposely  refrain  from  a  minute  discussion  of  these  questions  because 
there  is  still  too  much  uncertainty,  both  as  regards  toxicology  and  purely 
clinical  observation.  So  far  as  I  can  see,  the  percentage  of  nicotin  con- 
tained in  cigars  is  extremely  variable.  I  do  not  know  whether  I  am  justi- 
fied in  making  a  general  statement  that  imported  cigars  contain  less 
nicotin  than  those  of  domestic  manufacture.  It  is  true  that  we  cannot 
as  yet  venture  to  say  that  it  has  been  definitely  proved  that  heart  symp- 
toms really  are  more  frequent  among  smokers  of  imported  cigars,  and  it 
would  be  much  better  if  physicians  who  base  their  opinions  almQst  ex- 
clusively on  the  examination  of  the  well-to-do  people  would  report  a  few 
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accurate  observations  instead  of  summary  statements.  It  is  not  to  be 
denied,  however,  that  ordinary,  every-day  experience  is  strongly  in  favor 
of  the  theory.  How  many  individuals  daily  smoke  a  great  number  of 
domestic  cigars  without  becoming  ill,  and  then  develop  cardiac  distur- 
bances after  smoking  one  or  two  imported  cigars?  It  is  much  more 
frequently  the  case  in  men  who  are  not  used  to  cigars!  Much  depends 
also  on  the  number  of  cigars  a  man  smokes  and  how  he  smokes;  so-called 
swallowing  and  inhaling  of  smoke  seems  to  be  particularly  harmful. 

The  first  s3mfiptom  that  the  patient  becomes  aware  of  in  chronic  in- 
toxication is  palpitation.  Some  patients  have  it  permanently;  more  fre- 
quently the  palpitation  is  paroxysmal.  The  attacks  occur  after  smoking, 
but  quite  frequently  also  spontaneously;  for  example,  they  often  occur 
at  night.  The  heart  becomes  more  irritable  in  general:  muscular  move- 
ments, eating,  digestion,  psychic  emotion,  easily  bring  on  a  feeling  of 
palpitation. 

The  action  of  the  heart  may  remain  altogether  unaffected,  although 
frequently  disturbances  are  observed.  The  characteristic  change  is 
acceleration  to  about  100,  more  rarely  retardation  to  50  pulsations. 
Irregularity  and  inequality  are  not  at  all  rare;  the  two  phenomena  are  ob- 
served in  association  with  the  feeling  of  palpitation.  Apex-beat  and  pulse 
may  be  weak;  but  occasionally  a  high,  heaving  apex-beat  is  observed  in 
these  conditions. 

The  size  of  the  heart  in  the  great  majority  of  cases  is  not  altered.  Far- 
warger  saw  a  dilatation  which,  so  far  as  can  be  judged  from  the  clinical 
history,  he  quite  rightly  attributed  to  tobacco-poisoning.  We  must, 
however,  be  very  cautious  in  forming  such  an  opinion,  because  tobacco- 
poisoning  comparatively  rarely  occurs  unaccompanied  by  any  other 
injury  that  influences  the  heart.  It  is  very  frequently  associated  with 
alcoholism. 

But  in  Farwarger's  case  there  was  no  other  cause,  and  I  myself  once 
saw  enlargement  of  the  heart  which  I  had  to  attribute  to  excessive  indul- 
gence in  imported  cigars,  and  which  disappeared  as  soon  as  smoking  was 
given  up. 

In  some  cases  the  subjective  s3nnptoms  are  more  severe;  there  is  a 
feeling  of  oppression,  fear,  and  pain,  and  occasionally  attacks  of  steno- 
cardia occur  (see  p.  541). 

Animal  experiments  have  shown  that  nicotin  has  a  peculiar  action  on 
the  heart  and  blood-vessels,  but  the  knowledge  so  obtained  is  not  as  yet 
sufficiently  complete  to  explain  the  phenomena  observed  in  man  in  chronic 
tobacco-poisoning.  It  has  not,  in  my  opinion,  been  determined  as  yet 
how  much  the  injury  attacks  the  nervous  system  of  the  heart  and  how 
much  the  muscle  or  the  vessels;  and  I  do  not  think  that  we  are  as  yet 
justified  in  attributing  tobacco  angina  to  a  spastic  condition  of  the  coronary 
arteries. 

In  addition  to  the  tobacco  symptoms  in  the  heart  we,  of  course,  not 
infrequently  observe  other  manifestations  of  tobacco-poisoning  in  other 
organs,  especially  the  eye  and  central  nervous  S3rstem.  These  symptoms 
may  have  diagnostic  significance.  Tobacco-poisoning  is  diagnosed  chiefly 
by  the  presence  of  a  sufficient  cause,  which  can  usually  be  demonstrated 
without  difficulty.  In  heavy  smokers  it  may  be  difficult  to  distinguish 
between  s3mfiptoms  due  to  tobacco-poisoning  and  symptoms  of  a  nervous 
or  arteriosclerotic  nature.  But  whenever  the  patient  has  been  under 
observation  for  some  time,  it  is  always  possible  to  determine  how  many 
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of  the  sjrmptoms  are  due  to  intoxication ;  for  all  observers  are  agreed  that 
every  83mfiptom  due  to  intoxication  disappears  as  soon  as  smoking  is  given 
up — in  fact,  often  as  soon  as  the  quantity  of  tobacco  is  restricted.  But 
until  the  physician  has  had  an  opportunity  of  thus  observing  the  patient 
he  should  be  very  cautious  in  giving  an  opinion,  especially  in  regard  to 
excluding  coronary  sclerosis,  for  the  latter  condition  is  also  favored  by 
excessive  smoking. 

The  excessive  use  of  coffee  or  tea  (see  pp.  478  and  479)  may  give  rise  to 
palpitation,  which  is  frequently  associated  with  irregularity  and  inequality 
of  the  pulse  and  occasionally  with  oppression  and  anxiety.  The  heart 
action  sometimes  appears  to  be  increased  in  force.  In  Germany  and 
France  these  symptoms  are  most  frequently  found  as  a  result  of  coffee- 
poisoning;  in  England  they  are  more  often  due  to  the  excessive  use  of 
tea,*  a  difference  which  is  unquestionably  due  to  the  distribution  and 
manner  of  preparation  of  these  two  beverages  in  the  different  countries. 

The  diagnosis  is  based  on  exactly  the  same  considerations  as  those 
mentioned  above. 

The  prognosis  of  all  these  conditions  is  favorable  whenever  the  state 
of  intoxication  is  recognized  and  interrupted  by  eliminating  the  harmful 
agent.  It  is  best  to  forbid  the  use  of  coflfee  and  tea  altogether  for  a  time, 
and  smoking  also  has  to  be  stopped  altogether  in  some  cases.  But  it  is 
often  better,  especially  in  old  people,  to  allow  a  small  number  of  mild  cigars 
(two  or  three  a  day),  at  least  during  the  transitional  x)eriod. 
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HEART  SYHPTOHS  AND  HEART  DISEASES  OCCURRING  IN 
OBESITY— SO-CALLED  FATTY  HEART. 

Although  the  physician  is  probably  not  prepared  as  yet  to  surrender 
the  idea  of  ''fatty  heart,"  it  must  be  remembered  that  it  is  anything  but 
accurate,  and  is  made  up  of  a  number  of  different  factors,  that  is  to  say^ 
it  includes  purely  clinical,  pathologic,  as  well  as  etiologic  elements.  By 
far  the  best  definition,  in  my  opinion,  is  that  given  by  Leyden.  According 
to  him  we  mean  by  the  term  fatty  heart  "the  heart  symptoms  occurring  in 
obese  individv/ils  if  the  cardiac  symptoms  have  developed  in  association 
with,  and  at  least  chiefly  as  a  result  of,  obesity."  I  have  been  unable  to 
find  in  the  literature,  nor  have  I  been  able  to  devise,  a  better  definition 
for  this  term  fatty  heart,  which  is  so  difficult  to  explain. 

The  fact  is  that  a  clinical  picture  has  been  erected  on  the  foundation  of 
certain  symptoms  and  etiologic  factors.  As  soon  as  we  attempt  to  provide 
it  with  an  anatomic  basis  we  enter  the  region  of  error.  For  the  symptom- 
complex  characterized  by  the  term  fatty  heart  does  not  correspond  to 
*  Potain,  "Clinique  m^dicale,"  p.  150. 
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any  well-defined,  uniforai  morphologic  changes.  There  is  no  doubt  what- 
ever that  the  heart  muscle  in  obese  persons  who  present  cardiac  symptoms 
frequently  contains  and  is  surrounded  by  fat.  But  the  presence  of  this 
fat  cannot  be  determined  clinically  from  definite  symptoms;  we  only 
know,  from  a  wide  experience,  that  individuals  who  present  a  certain 
appearance  and  have  certain  definite  sjnnptoms,  when  examined  post- 
mortem are,  as  a  rule,  foimd  to  have  a  fatty  heart.  Moreover,  as  will 
be  shown  presently,  the  functional  significance  of  these  pathologic  condi- 
tions and  their  effect  on  clinical  sjnnptoms  are  an3rthing  but  clear.  And, 
finally,  the  pathologist  and,  unfortunately,  the  physician,  also  applies  the 
term  "fatty  heart"  to  another,  altogether  different  condition  from  the  one 
now  under  consideration,  and  not  only  different,  but  what  is  more  im- 
portant, independent  of  it,  namely,  the  accumulation  of  more  or  less 
minute  fat-droplets  within  the  muscle-fibers.  This  condition  is  explained 
in  connection  with  the  other  degenerative  processes  in  the  myocardium, 
and,  like  the  latter,  is  found  in  a  great  variety  of  diseases.  It  is  no 
longer  regarded  as  a  nosologic  entity,  but  rather  as  a  pathologic  phe- 
nomenon which  may  be  due  to  a  great  variety  of  causes. 

In  almost  every  human  subject,  and  in  most  animals,  we  see  adipose 
tissue  under  the  visceral  layer  of  the  pericardium,  chiefly  at  the  base  of 
the  aorta  and  pulmonary  artery  and  along  the  vessels,  with  which  it 
penetrates  the  heart  in  varying  degrees  of  abundance.  The  quantity 
is  subject  to  great  variation  even  in  healthy  individuals.  The  effect  of 
differences  in  mode  of  life  and  nutrition  is  best  shown  by  observations  on 
fattened  animals  and  those  that  are  allowed  to  run  loose.  The  hearts  of 
fattened  sheep  or  hogs  exhibit  enormous  layers  of  fat.  In  man  also  the 
causes  of  this  obesity  of  the  heart  (adipositas  cordis)  in  the  main  coincide 
with  those  of  general  obesity,*  and  it  is  not  within  our  province  to  enumer- 
ate these  causes  here.f  Just  why  in  this  disease  the  fatty  deposits  occur 
in  definite  regions  of  the  body  is  absolutely  unknown.  The  important 
point  in  this  connection  is  that  there  is  no  strict  parallelism  between  the 
general  obesity  and  the  deposit  of  fat  around  the  heart;  indeed,  what  is 
no  less  curious  than  the  choice  of  these  sites  of  predilection  for  the  accu- 
mulation of  fat  is  that,  in  general  obesity,  the  heart  in  some  cases  is  pro- 
foundly involved  and  very  much  less  in  others. 

Before  attempting  to  explain  the  effect  of  this  adipositas  cordis  on  the 
functional  capacity  of  the  heart  one  must  first  inquire  how  it  affects  the 
bulk  of  the  muscle.  As  a  matter  of  fact,  the  latter,  especially  in  the  right 
ventricle,  is  frequently  found  to  be  attenuated,  even  thinner  than  in  a 
normal  heart,t  and  we  are  involuntarily  reminded  of  the  conditions  that 
obtain  in  so-called  dystrophy  of  the  striated  muscles  of  the  body,  namely, 
that  there  is  a  connection  between  atrophy  of  muscle  and  hyperplasia  of 
fat.  Two  possibilities  may  be  considered:  the  muscle  may  be  destroyed 
and  replaced  by  fatty  tissue;  or  the  proliferating,  fat-containing  connective 
tissue  may  encroach  upon  and  destroy  the  muscle.  What  the  actual  con- 
ditions are  is,  for  the  present,  as  impossible  to  decide  as  it  is  to  determine 
the  extent  of  the  muscular  atrophy;  although  by  using  the  methods  sug- 

*W.  Miiller,  "Die  Massenverh&ltnisse  des  menschlichen  Herzens/'  Leipzig, 
1883,  p.  59. 

t  See  von  Noorden,  "  Nothnagers  spec.  Path,  und  Therapie,"  vol.  vii.  Also 
Krehl,  "Pathologische  Physioloeie,"  Leipzig,  1898,  p.  337. 

t  Compare  Birch-Hirschfelof,  "Pathologische  Anatomie,"  fourth  edition,  vol. 
ii,  p.  140.    Stokes  (''Heart  Diseases,"  p.  249)  is  of  the  same  opinion. 
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gested  by  W.  Milller*  any  one  having  a  lai^  amount  of  autopsy  material  at 
his  disposal  could  answer  at  least  the  second  question.  Until  we  have 
some  numeric  data  in  regard  to  the  extent  of  the  muscular  atrophy,  we 
cannot  estimate  its  clinical  significance,  because  the  impressions  on  which 
our  judgment  must  for  the  present  be  based  are  too  uncertain. 

As  a  matter  of  fact,  the  heart  muscle  in  obese  persons,  as  Hirschf  directly 
demonstrated,  is  extremely  light  in  comparison  with  the  body-weight. 
This  is  not  difficult  to  understand,  because  the  increased  demand  which 
the  fat-cells  make  on  metabolism  and  thereby  on  the  circulation  is  un- 
questionably much  less  in  proportion  than  the  increase  in  body-weight 
which  they  produce.  Indirectly,  by  adding  to  the  body-weight,  the 
number  of  fat-cells  undoubtedly  increases  the  demands  on  the  heart  con- 
siderably, which  is  certainly  unfavorable  for  obese  persons.  But  whether 
the  infiltration  of  the  myocardium  with  fat  has  any  special  connection  with 
the  low  weight  of  the  heart,  and  whether  the  right  ventricle  under  such 
circumstances  is  especially  attenuated,  remains  to  be  decided  by  future 
investigations. 

Moreover,  the  quality  of  the  muscle-fibers  in  a  "fatty  heart"  of  this 
kind  has  never  been  sufficiently  cleared  up.  Fatty  degenerations  occur; 
but  recent  observers,  like  v.  Leyden,  for  example,  after  careful  investiga- 
tions do  not  regard  them  as  frequent.  This  view  must  be  upheld  in  op- 
position to  a  wide-spread  impression;  indeed,  it  should  be  specially  empha- 
sized, because  this  general  impression  is  very  largely  responsible  for  the 
confusion  existing  between  the  two  "forms"  of  fatty  heart.  One  might 
be  tempted  to  quote  no  less  an  authority  than  Stokes  as  the  champion 
of  the  theory  that  the  two  processes  are  frequently  combined;!  but  a  more 
minute  examination  of  his  clinical  histories  seems  to  me  to  show  that  the 
term  "fatty  heart"  in  his  patients  embraced  a  variety  of  other  things 
which  we  now  usually  distinguish  from  that  condition,  for  example,  fatty 
degeneration  of  the  heart  muscle  secondary  to  sclerosis  of  the  coronary 
arteries.  I  have  been  unable  to  find  in  the  recent  literature  any  reports 
of  thorough  microscopic  examination  of  the  myocardium  from  cases  of 
fatty  heart  as  above  defined.  It  is  true  that  a  few  cases  have  been  re- 
ported of  obese  persons  dying  with  heart  S3rmptoms,  in  which  microscopic 
examination  (although  only  of  a  few  pieces  of  tissue)  failed  to  give  any  clue 
to  the  pathogenesis  of  the  heart  failure;  but,  on  the  other  hand,  reports 
of  naked-eye  changes  in  the  myocardium  are  much  more  frequent.  Very 
often  the  muscle  is  exceedingly  flaccid;  in  Leyden's  cases,  it  will  be  remem- 
bered, the  myocardium  is  frequently  described  as  friable  and  "squashy" 
("matsch").  It  is  perfectly  true  that  all  kinds  of  chemic  changes  in  the 
myocMdium  might  develop  after  obesity,  and  might  greatly  interfere 
with  the  function  of  the  heart.  Indeed,  we  have  reason  to  suppose  that 
obesity  is  not  so  very  rarely  due  primarily  to  far-reaching  changes  in 
metabolism.  Again,  a  great  variety  of  more  minute  changes  in  the  mus- 
cle-fibers may  be  present.  The  first  thing  to  be  done  is  to  collect  enough 
material  for  the  discussion  by  careful  and  extensive  observation.  Not 
until  this  material  has  been  supplied  shall  we  be  able  to  decide,  for  ex- 
ample, whether  inflammatory  processes  are  not  frequently  present  in 
obesity. 

V.  Noorden  points  out  that  the  large  deposits  of  fat  between  the  muscle- 

*  W.  MOUer,  ''Die  Maasenverh&ltnisse  des  menschlichen  Herzens,"  Leipzig,  1884. 
t  Hirsch,  "  Archiv  ftir  klinische  Medicin,"  vol.  Ixiv,  p.  608. 
t  Stokes,  ''Diseases  of  the  Heart,"  p.  250. 
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fibers  perhaps  interfere  mechanically  with  the  systole  of  the  heart  and 
with  its  dilating  capacity  during  diastole.  This  is  quite  conceivable.  To 
prove  the  point  it  would  be  necessary  to  determine  the  distensibility  of 
fatty  hearts  in  animals  at  body-temperature. 

In  addition  to  the  interference  with  the  circulation  caused  by  the 
change  in  the  heart  itself,  numerous  other  disturbances  necessarily  ac- 
company obesity,  the  severity  of  which  is  proportionate  to  the  degree 
of  obesity  present.  Such  conditions  are  the  increased  weight  of  the 
body,  which  cannot  help  affecting  both  the  skeletal  muscles  and  the  heart 
during  exercise,  the  accumulation  of  fat  in  the  peritoneal  and  in  the  pleural 
cavities,  and  the  interference  with  respiration  which  it  produces,  and  a 
number  of  others.  These  things  are  fully  explained  in  the  description 
of  the  symptoms  of  obesity. 

It  is  evident,  even  now,  from  a  careful  consideration  of  the  subject, 
that  the  above-mentioned  factors,  the  deposit  of  fat  among  the  muscle- 
fibers  and  friability  of  the  muscle,  very  rarely  represent  the  only  changes 
in  so-called  fatty  heart,  at  least,  in  those  cases  in  which  the  functional 
disturbances  cannot  be  explained  by  simple  disproportion  between  the 
mass  of  the  heart  muscle  and  that  of  the  body.  As  a  general  rule,  other 
phenomena  are  also  present,  especially  sclerosis  of  the  coronary  arteries  and 
the  processes  to  which  it  gives  rise.  The  not  infrequent  association  of 
obesity  with  coronary  sclerosis  no  doubt  depends  chiefly  on  the  fact  that 
both  conditions  are  often  due  to  the  same  cause,  especially  alcoholism 
.and  luxurious  living.  And,  in  addition,  heavy  eaters  frequently  smoke  to 
excess,  which  also  injures  the  heart. 

But  abnormal  obesity  is  by  no  means  regularly  attended  by  cardiac 
symptoms.  There  are  many  excessively  obese  persons  who  are  perfectly 
strong,  who  feel  well,  and  must  be  considered  well.  They  look  healthy 
and  flourishing,  have  strong  muscles,  and  are  sound  in  every  respect. 
On  the  other  hand,  some  ob^  persons  look  anemic;  their  whole  appear- 
ance and  complexion  give  one  the  impression  of  illness,  and  these  patients 
are  very  apt  to  complain  of  dyspnea  and  other  cardiac  s3rmptoms  that 
other  anemic  individuals  suffer  from.  One  cannot  help  thinking  that 
anemia  has  much  to  do  with  these  various  manifestations  of  obesity,  but 
they  may  be  due  to  a  variety  of  metabolic  processes,  and  investigation 
along  that  line  would  be  both  interesting  and  valuable. 

Symptoms. — ^As  a  rule,  the  physician  is  first  consulted  because  the 
patient  notices  signs  of  diminished  functional  capacity  of  the  heart,  partic- 
ularly a  difficulty  in  breathing  and  palpitation  during  exercise.  Often 
these  are  the  only  early  symptoms,  but  sometimes  vertigo  is  also  present. 
These  are  the  cases  that  present  the  best  prognosis,  because  the  chief  factor 
in  the  etiology  is  the  disproportion  between  the  size  of  the  body  and  the  size 
and  efficiency  of  the  heart  muscle,  so  that  even  a  slight  reduction  of  the 
strength  of  the  heart,  such,  for  example,  as  follows  lack  of  exercise, 
suffices  to  produce  this  disproportion.  Obese  persons  are  frequently 
indolent,  and  hence  their  muscles,  including  the  heart,  atrophy.  It  is, 
therefore,  not  astonishing  that,  as  the  bulk  of  the  body  increases  and  the 
weight  of  the  heart  diminishes,  or,  at  least,  does  not  grow,  a  stage  is  finally 
reached  in  which  even  ordinary  movements  can  be  performed  only 
with  difficulty  and  with  great  exertion.  The  heart  need  not  be 
diseased,  and  in  many  cases  certainly  is  not.  Fortunately,  the  sjrmptoms 
can  often  be  made  to  disappear  altogether,  and  in  some  cases  p^er- 
manently^  by  means  of  suitable  treatment  and  by  sufficiently  reducing 
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the  weight  of  the  body.  In  such  cases  the  physical  examination  of  the 
heart  either  shows  nothing  abnormal  or  only  a  slight  enlargement  to  the 
right.  Owing  to  the  obesity  of  the  patient,  no  definite  conclusions  can  be 
drawn  from  this  physical  sign,  partly  because  percussion  is  often  very 
difficult  in  these  subjects  and  because  it  is  also  possible  that  the  increase 
in  the  size  of  the  dulness  may  be  due  to  accumulations  of  fat  on  the  heart. 
It  is  possible,  however,  that  in  some  cases  a  slight  degree  of  dilatation  of 
the  cavities  is  present,  and  in  view  of  the  above-mentioned  disproportion 
between  the  force  of  the  heart  and  the  demands  made  upon  it,  it  is  not 
surprising  that  it  should  be  so.  The  pulse  in  these  cases  is  often  dimin- 
ished in  volume  and  soft,  and,  as  a  rule,  also  more  rapid. 

Whether  the  above-mentioned  disproportion  by  itself  is  capable  of 
producing  circulatory  disturbances  during  rest — in  other  words,  a  per- 
manently abnormal  blood  distribution — I  would  not  venture  to  decide. 
Personally,  I  think  it  is  more  probable  that,  when  cardiac  insufficiency  is 
present  during  rest,  a  graver  form  of  disease  must  be  assumed  to  exist. 
The  question  can,  of  course,  be  decided  only  by  a  large  number  of  anatomic 
investigations. 

But  the  above-mentioned  symptoms  are  by  no  means  always  the  only 
ones  present  during  the  incipient  stage,  and  still  less  during  the  subse- 
quent course  of  a  case  of  heart  weakness  due  to  obesity;  the  greatest 
variety  of  unpleasant  subjective  symptoms  also  develop  later  on — cardiac 
fear,  stenocardiac  conditions,  and  profound  disturbances  of  the  rhythm. 
The  functional  capacity  of  the  heart  diminishes  more  and  more.  When 
once  these  symptoms  are  present,  there  is  no  doubt  that  the  process  is 
already  quite  advanced,  and,  in  our  opinion,  the  case  by  that  time  has, 
as  a  rule,  gone  beyond  the  condition  of  simple  "fatty  heart"  and  is  com- 
plicated by  morbid  processes  in  the  coronary  vessels  or  by  changes  in  the 
muscle.  As  we  know  but  little  about  changes  in  the  muscle,  it  is  wiser, 
for  the  present,  to  abide  by  the  theory  of  coronary  sclerosis. 

The  symptoms  present  in  this  stage  cannot,  in  my  opinion,  be  sepa- 
rated from  those  observed  in  coronary  sclerosis,  a  statement  that  is  fully 
borne  out  by  the  descriptions  found  in  the  literature,  especially  those  of 
the  famous  Stokes.  I,  therefore,  do  not  think  that  it  is  necessary  to  give 
a  detailed  description,  for  I  practically  identify  these  conditions  with  those 
seen  in  coronary  sclerosis.  From  a  clinical  and  sjnnptomatic  standpoint, 
at  least,  the  two  conditions  are  absolutely  identical,  and  the  present  state 
of  our  knowledge  does  not  permit  us  to  attribute  these  conditions  to  fatty 
degeneration  of  the  fibers.  Such  a  theory  is  absolutely  contradicted  by 
the  fact  that  in  the  gravest  cases  of  myocardial  degeneration,  as,  for 
example,  pernicious  anemia  and  phosphorus  poisoning,  these  symptoms 
are  always  absent. 

Granted  that  we  are  justified  in  attributing  these  cases  of  so-called 
"fatty  heart"  to  coronary  sclerosis,  then  we  may  also  ascribe  the  symp- 
toms of  the  condition  made  famous' by  the  observations  of  the  great  Irish 
physicians,  the  attacks  of  syncope  with  paralysis,  the  Cheyne-Stokes 
breathing,  and  the  extreme  slowing  of  the  pulse,  essentially  to  diseases 
in  the  arteries.  This,  in  my  opinion,  is  entirely  in  accord  with  the  ex- 
perience gained  at  the  bedside.  All  these  phenomena  are  most  fre- 
quently observed  in  arteriosclerosis,  and  I  think  I  may  say  they  are  rarely 
found  without  arteriosclerosis.  \l  have  never  seen  them  after  degenera- 
tion of  the  heart  muscle  not  due  to  sclerosis  of  the  coronary  arteries.) 

Physical  examination,  even  in  these  severe  cases,  reveals  but  little 
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r  that  is  characteristic,  aside  from  the  general  obesity;  but  in  many  of  the 
j  cases  the  patient  conveys  a  general  impression  of  profound  illness.  The 
I  accumulation  of  fat  in  the  subcutaneous  tissue  renders  examination  of 
I  the  heart  very  difficult  in  every  way.  Palpation  of  the  apex-beat,  as 
well  as  percussion  and  auscultation,  is  more  uncertain  and  less  accurate 
than  in  lean  persons.  The  difficulties  are  especially  great  in  the  case  of 
women.  In  fact,  successful  percussion  in  such  cases  is  often  quite  im- 
possible. 

As  a  rule,  the  heart  impulse  is  displaced  outward  and  feeble,  although, 
for  obvious  reasons,  these  findings  have  but  little  value.  The  heart  dul- 
ness,  so  far  as  it  can  be  determined  at  all  by  percussion,  is  usually  en- 
larged transversely;  but  this  finding  also  is  of  little  importance,  for  it 
may  be  due  to  one  of  several  ambiguous  causes — accumulation  of  fat 
under  the  sternum,  about  the  heart,  and  dilatation  of  the  organ.  The 
heartHSounds  are  mostly  very  feeble;  in  ordinary  cases  they  are  pure,  but 
systolic  murmurs  may  be  present  at  the  apex  or  the  soimds  at  the  bye 
may  be  modified.  The  latter  is  apt  to  be  the  case  especially  when  there 
is  sclerosis  of  the  ascending  aorta. 

In  the  main,  we  have  to  depend  on  our  observation  of  the  arteries 
and  especially  of  the  radial  pulse  in  determining  the  activity  and  functional 
capacity  of  the  heart.  The  pulse  is  often  small  and  soft,  although  this 
finding  may  be  modified  by  the  presence  of  arteriosclerosis  or  an  acgom- 
panying  chroiu^uiwl^tis. 

Quite  frequently  the  heart  action  is  irregular  and  unequal,  often  ac- 
celerated, and  not  so  very  rarely  retarded.  For  these  matters  also  the 
reader  is  referred  to  the  descriptions  given  in  the  section  on  Arterio- 
sclerosis. 

The  ill  effects  of  abnormal  blood  distribution  later  make  their  appear- 
ance in  a  variety  of  combinations  and  in  a  variable  order.    Both  may 
occur  at  any  time.    Sometimes  the  patients  die  a  sudden  and  unexpected 
death. 
I 

With  the  reservations  mentioned  above  and  observed  in  this  discussion  the  rela- 
tion between  obesity  and  disturbances  of  the  heart  appears  tolerably  clear.  But 
is  it  not  possible  that  in  order  to  present  the  facts  in  an  intelligible  way  too  narrow 
a  view  may  have  been  taken  of  the  processes  of  nature?  I  should  like  at  least  to  men- 
tion that  this  cannot  be  altogether  denied.  In  the  old  literature  the  very  definite 
statement  is  met  again  and  again  that  fatty  degeneration  of  the  muscle-fibers  occurs 
as  an  independent  disease,  with  or  without  general  obesity,  and  produces  symptoms 
which,  as  has  been  described,  are  regarded  chiefly  as  the  expression  of  a  coronary 
sclerosis.  Unquestionably,  tne  signs  of  arteriosclerosis  are  also  present  in  these 
cases,  and  with  equal  certainty  processes  that  are  followed  by  severe  fatty  degenera- 
tion of  the  muscle-fibers,  such  as  anemia  and  many  forms  of  intoxication,  etc.,  do 
not  produce  these  i^mptoms.  But  there  are  yet  other  possibilities.  The  accumula- 
tion of  fatty  granules  m  the  muscle-fibers  may  occur  as  the  expression  of  unknown 
processes  in  the  heart,  and  these  processes  may  be  associated  with  the  same  S3anp- 
toms  as  coronary  sclerosis  in  other  cases;  for  tne  latter  also  ultimately  acts  through 
certain  definite  effects  which  it  produces  on  the  muscle.  I  merely  throw  out  this 
supposition  because  the  assertion  that  fatty  degeneration  is  an  independent  disease 
is  so  confidently  made  by  excellent  authorities  in  the  .old  literature,  especially  the 
English  literature.  Since  we  know  that  the  causes  and  conditions  of  disease  are  not 
I  quite  the  same  in  England^  owing  to  differences  in  climatic  and  artificial  conditions, 
I  we  have  no  right,  in  my  opinion,  to  render  an  absolute  judgment  on  these  statements. 

I        The  diagnosis  practically  follows  from  the  definition.    The  main 
difficulty  consists  in  distinguishing  coronary  sclerosis  from  the  cardiac 
condition  produ^edbyovefeating;  all  that  is  to  be  said  on  this  point  will 
be  found  in  the  corrtgpflBmng  sections.    I  shall  merely  remark  here  that 
40 
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there  can  be  no  hard-and-fast  lines  of  separation,  particularly  as  it  is 
my  opinion  that  many  heart  troubles  which  even  here  we  are  in  the  habit  of 
ascribing  to  obesity  are  caused  by  coronary  sclerosis,  and  alcoholism  un- 
questionably also  plays  an  important  part  in  the  production  of  obesity. 

Treatment. — ^As  during  the  begmning  of  the  trouble  at  least  a  con- 
siderable share  of  the  symptoms  in  these  patients  are  slightly  due  to  the 
large  amount  of  fat  in  the  body,  and  possibly  also  about  the  heart,  a 
method  of  treatment  directed  toward  the  removal  of  fat  is  alwaj^  indi- 
cated. It  has  already  been  stated  that  such  a  method  of  treatment  is 
occasionally  followed  by  the  disappearance  of  all  s3rmptoms.  The  treat- 
ment consists  in  judiciously  combining  dietetic  measures  with  a  system 
of  exercises.  Both  the  dietetic  measures  and  the  exercises  must  be  b^im 
with  great  caution  and  carefully  adapted  to  the  strength  of  the  heart,  ac- 
cording to  the  general  principles  laid  down  both  in  v.  Noorden's  essay  and 
in  the  present  article.  The  reduction  cure  must  be  begim  slowly,  and  the 
physician  must  constantly  keep  in  mind  the  necessity  of  strengthening 
thS'heart  muscle  at  the  same  time;  for,  owing  to  the  fact  that  the  patients, 
before  treatment  is  begim,  are  usually  fat  and  heavy  and,  therefore,  lazy, 
and  owing  also  to  the  fact  that  the  symptoms  develop  rapidly,  the  heart 
is  usually  in  relatively  bad  training.  Hence  a  reduction  cure  must  be 
carried  out  with  the  greatest  caution  in  these  cases,  and  it  is  obviously 
preferable,  in  many  instances,  to  send  the  patient  to  a  place  where  this  is 
easily  accomplished  both  on  accoimt  of  the  local  conditions  and  the  famili- 
arity of  the  resident  physicians  with  the  treatment  of  heart  patients.  A 
great  many  different  health  resorts  may  be  considered,  and,  as  I  have  al- 
ready stated,  I  am  guided  in  my  choice,  aside  from  social  and  pecuniary 
considerations,  chiefly  by  the  skill  of  the  attending  physicians.  It  is  now 
possible  to  reduce  fat  without  materially  disturbing  the  proteid  balance. 
This  is,  of  course,  most  easily  possible  when  the  physician  has  a  wide 
knowledge  of  all  the  factors  that  enter  into  the  problem, — and  they  are 
numerous, — and  has  at  his  conmiand  the  best  conveniences  that  can  be 
obtained.  As  compared  with  this,  the  question  how  to  reduce  the  fat 
is  really  quite  secondary.  In  this  matter  it  is,  indeed,  true  that,  under  the 
guidance  of  the  experienced  physician,  many  roads  lead  to  Rome.  But 
whatever  therapeutic  measures  are  ordered,  the  condition  of  the  heart 
must  always  be  taken  into  account.  Thus,  for  example,  the  ingestion  of 
large  quantities  of  fluid  may  have  to  be  avoided  under  certain  circum- 
stances if  it  appears  probable  that  the  fluid  will  be  absorbed.  It  is  also 
necessary  to  determine  accurately  the  amount  and  degree  of  exercise  to 
prescribe.  In  these  respects  the  treatment  of  heart  patients  differs  from 
that  of  ordinary  cases  of  obesity.  But  in  all  other  respects  the  same 
principles  obtain,  and  I  would  urgently  advise  that  the  treatment  be  as 
simple  as  possible  and  that  every  kind  of  charlatanism,  such  as  has  been 
and  still  is  so  much  practised  in  the  treatment  of  this  disease,  be  rigorously 
excluded. 

Whenever  the  excessive  ingestion  of  nutritive  material  must  be  re- 
garded as  the  cause  of  the  obesity,  the  food  must  be  restricted,  at  the  same 
time  preserving  the  proteid  balance  of  the  organism  as  much  as  possible. 
The  food  must  not  only  be  accurately  adapted  in  quantity  and  quality 
to  the  functional  capacity  of  the  heart,  but  must  also  be  regulated  with 
the  above  object  in  mind. 

Reduction  of  the  body-fat  and  simultaneous  strengthening  of  the  heart 
are  the  first  indications  in  the  treatment  of  alhthose  cases  in  which  the  i 
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above-mentioned  disproportion  between  the  mass  of  the  body  and  the 
strength  of  the  heart  must  be  regarded  as  the  sole,  or  at  least  the  chief, 
cause  of  the  existing  symptoms.  If  good  results  are  to  be  obtained,  the 
heart  muscle  must  still  possess  sufficient  power  to  enable  it  to  perform  the 
extra  amount  of  work  ordered  for  the  purpose  of  strengthening  it,  and 
must  not  be  still  further  damaged  by  the  exercises.  This  point  must  be 
carefully  determined  in  every  individual  case  by  means  of  the  history  and 
the  objective  examination.  The  plan  of  treatment  depends  altogether  on 
the  decision  of  this  point. 

It  would  follow,  therefore,  that  young  people,  in  whom  integrity  of  the 
heart  muscle  may  be  assumed  as  probable,  furnish  the  most  suitable  cases 
for  this  kind  of  treatment.  In  these  cases  the  use  of  a  mild  laxative 
mineral  water,  especially  at  some  of  the  appropriate  health  resorts  (see 
p.  562),  is  a  useful  adjunct  to  the  treatment.  As  I  have  already  men- 
tioned, the  aversion  to  this  method  of  treatment  was  greatly  exaggerated  at 
the  time  when  dry  diet  was  in  vogue. 

It  seems  very  important  in  these  cases  to  exercise  a  careful  super- 
vision over  the  amount  of  beer  and  wine  that  is  taken.  As  individuals 
of  this  class  are  usually  vigorous,  it  is  best  to  forbid  alcoholic 
beverages  altogether;  the  patients  then  know  where  they  stand,  and  are 
much  less  exposed  to  temptation. 

The  conditions  are,  of  course,  entirely  different  when  heart  sjrmptoms 
are  present  in  obese  persons  in  whom  the  obesity  cannot  be  attributed 
to  the  excessive  ingestion  of  food  or  to  deficient  exercise.  Unfortunately, 
cases  of  this  kind  have  never  been  carefully  investigated,  and,  I  am  unable 
to  say,  for  example,  how  frequently  marked  caidiac  symptoms  are  ob- 
served in  such  individuals.  It  is  evident  that  the  accumulation  of  fat 
in  these  cases  is  also  dependent  on  some  anomaly  of  metabolism. 
Reduction  cures  are  hardly  indicated;  on  the  contrary,  strengthening  of 
the  heart  and  reduction  of  the  fat  must  be  affected  by  carefully  supeiv 
vised  exercises. 

In  the  presence  of  pronounced  cardiac  insufficiency  with  edema, 
albuminuria,  etc.,  it  is  absolutely  necessary,  at  first,  to  influence  the  heart 
by  means  of  rest  and  digitalis,  and,  if  there  is  reason  to  suspect  coronary 
sclerosis,  great  caution  must  be  observed  in  ordering  exercises.  Such 
patients,  as  everybody  knows,  are  very  intolerant  to  any  kind  of  violent 
procedures,  among  which  we  must  include  strict  reduction  cures. 

If  there  is  any  reason  to  suspect  grave  changes  in  the  muscle,  and 
particularly  coronary  sclerosis,  all  other  considerations  must  give  way  to 
the  indications  derived  from  these  conditions.  Reduction  of  the  fat  in 
itself  appears  to  be  an  altogether  secondary  consideration  under  such 
circumstances,  and  the  physician's  entire  aim  must  be  to  improve  the 
muscular  strength  of  the  heart.  Indirectly  the  strength  of  the  heart  is, 
of  course,  also  benefited  by  reducing  the  body-weight,  and  for  that  reason 
the  latter  object  should  not  be  altogether  lost  sight  of  in  these  cases.  The 
best  plan  is  to  try,  by  a  suitable  diet,  to  prevent  the  further  increase  of 
the  body-fat, — prohibiting  beer  alone  often  accomplishes  this  object, — 
and  gradually  one  often  succeeds  by  means  of  more  accurate  regulation 
of  the  diet,  especially  by  changirig  it,  indirectly  reducing  the  amount  of 
body-fat.  I  repeat  that  any  violent  treatment  is  to  be  deprecated; 
laxative  mineral  waters  are  usually  too  severe. 

It  is  needless  to  say  that  the  use  of  alcoholic  beverages  must  be  greatly 
restricted,  but  I  do  not  go  so  far  as  to  counsel  total  abstinence,  especially 
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in  older  persons.  The  beer  may  have  to  be  changed  to  wine,  and  many 
of  the  patients  will  have  to  be  allowed  to  take  their  wine  as  usual. 

Carbon  dioxid  baths  are  often  excellent  for  increasing  the  strength  of 
the  heart,  and  are  usually  well  bome  by  obese  subjects. 

The  most  difficult  question  to  decide  is  whether  to  tiy  to  train  the 
heart  by  means  of  exercises  and  how  far  to  carry  the  experiment.  In  my 
opinion  no  general  rules  can  be  given ,  as  it  all  depends  on  whether,  in  a  given 
case,  the  condition  of  the  heart  is  such  as  to  make  it  seem  probable  that 
it  is  capable  of  increasing  its  strength  without  being  injured  by  the  exer- 
cises necessary  for  that  purpose.  The  first  attempts  will  have  to  be  made 
with  extreme  caution,  carefully  noting  how  the  heart  reacts.  I  refer 
to  what  has  been  said  on  p.  563,  and  shall  merely  emphasize  once  more 
that  the  question  of  exercises  is  much  less  important  than  the  manner 
in  which  tiiey  are  carried  out;  everything  depends  on  the  physician  in 
chaige. 

The  prognosis  depends  on  the  nature  of  the  processes  which  are  re- 
sponsible for  the  symptoms  in  a  given  case.  As  a  rule,  it  is  very  favorable 
when  there  is  merely  a  disproportion  between  the  mass  of  the  body  and 
the  strength  of  the  heart.  If  marked  circulatory  disturbances  with 
Abnormal  blood  distribution  have  developed,  the  prospect  is  usually  very 
•doubtful;  while  signs  of  coronary  sclerosis,  of  course,  alwa3rs  render  the 
prognosis  extremely  grave. 
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INFLAHBLATION  OF  THE  HEART  (CARDmS). 

The  term  myocarditis  is  applied  to  those  processes  in  which  the  phe- 
nomena of  true  inflammation  of  the  heart  muscle  are  clinically  the  most 
prominent  features. 

There  always  has  been  and  still  is  a  great  divergence  of  opinion  in 
regard  to  the  definition  and  scope  of  the  process  designated  as  inflamma- 
tion.    In  this  article  the  term  will  incluae  those  processes  in  which  the 
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tissue  reacts  to  certain  injuries  by  well-known  changes  in  the  blood-vessels, 
blood-cells,  and  connective-tissue  cells.  Thus  defined,  myocarditis  is 
more  restricted  in  its  scope  than  other  forms  of  inflammation  are  held  to 
be;  for  it  does  not  include  the  purely  parenchymatous  degenerations, 
for  example,  the  processes  belonging  to  granular  and  fatty  degenerations. 

Certain  phenomena  that  follow  occlusion  of  the  coronary  arteries — 
Zi^ler's  myomalacia — must,  so  far  as  the  anatomic  changes  are  concerned, 
be  included  among  the  inflammations;  for  in  this  condition  true  inflamma- 
tory processes  follow  the  necrosis  of  certain  portions  of  the  muscle  due  to 
the  anemia.*  From  a  clinical  point  of  view,  however,  it  seems  to  me 
wiser  to  separate  these  processes  from  those  of  primary  inflammation. 
For  in  myomalacia  the  most  prominent  feature  is  the  sclerosis  of  the 
coronary  arteries,  with  a  number  of  phenomena  peculiar  to  and  directly 
dependent  on  the  arterial  disease.  As  these  arteriosclerotic  diseases  of  the 
heart  are  probably  more  frequent  than  diseases  which  are  primarily  in- 
flammatory, the  latter  are  in  danger  of  being  ignored  by  the  physician — 
as,  indeed,  happened  for  a  number  of  years — ^unless  a  special  effort  is  made 
to  distinguish  them  from  the  conditions  due  to  anomaly  of  the  coronary 
vessels.  In  this  article  the  term  myocarditis  will  include  primarily 
inflammatory  processes  in  the  musculature  of  the  heart,  and  we  shall 
distinguish  between  acute  and  chronic  forms  of  myocarditis.  The  view 
upheld  by  the  old  clinicians,  that  inflammation  of  the  heart  muscle,  in 
the  great  majority  of  cases,  is  associated  with  pericarditis  and  endocarditis, 
is  unquestionably  correct  from  an  anatomic  standpoint.  Inflammation 
of  the  heart  in  the  great  majority  of  cases  involves  the  entire  organ,  a 
maxim  which  was  steadily  maintained  by  the  older  investigators,  like 
Corvisart,t  Bouillaud,  and-Rokitansky. 

That  carditis  is  not  a  delusion  would  appear  from  the  following  descrip- 
tion. But  there  are  inflammatory  conditions  involving  the  entire  heart 
in  which  the  whole  pathologic  process  and  the  symptomatology  are  entirely 
dominated  by  the  disease  in  the  muscle  itself,  and  with  these  we  have  to 
deal  in  this  article.  Endocarditis  also  is,  as  a  rule,  accompanied  by  in- 
flammation of  the  entire  heart,  that  is,  of  its  three  layers;  and  in  speaking 
of  endocarditis,  that  is,  disease  of  one  of  the  layers  only,  we  merely  follow 
,this  same  custom.  We  do  so  because  clinically,  or  rather  so  far  as  the 
results  obtained  with  the  various  methods  of  physical  examination  are 
concerned,  the  phenomena  of  valvular  endocarditis  and  the  resulting 
valvular  defects  are  by  far  the  most  conspicuous  featiures  in  the  case. 
The  failiure  to  recognize  for  so  many  decades  J  that  the  muscle  is  also 
involved  in  the  inflammatory  process  in  cases  of  valvular  disease  has,  in 
my  opinion,  had  much  to  do  nvith  preventing  the  physiology  of  these 
processes  from  being  properly  understood.  One  who  overlooks  the  fact 
that  the  heart  muscle  shares  in  the  inflammatory  process  in  cases  of  valvu- 
lar disease  will  be  unable  to  understand,  or  at  least  to  gain  a  perfectly  clear 
insight  into,  the  symptoms  and  the  course  of  the  disease  in  cases  of  this 
kiild: 

♦  Ziegler,  "Archiv  ftlr  klinische  Medicin,"  vol.  xxv,  p.  588.  Ibid.,  "Lehrbuch 
der  speciellen  pathologischen  Anatomic/'  ninth  edition,  p.  23.  Weigert,  "Virchow's 
Archiv.,"  vgl.  Ixxix,  p.  106.  Huber,  ibid.,  vol.  Ixxxix,  p.  236.  Sternberg,  "Ueber 
Erkrankungen  dee  Herzmuskels  in  AnBchluss  an  St5rungen  des  Goronararterienkreis- 
laufes,"  Dissertation,  Marburg,  1887. 

JCorvisart,  ''Herzkrankheiten,"  German  translation  by  Rintel,  1814,  p.  239. 
Compare  Krehl,  "Archiv  fUr  klinische  Medicin,"  vol.  xlvi,  p.  454.     Bard, 
"Lyon  m^dic,"  1893,  No.  9. 
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Practically  the  same  thing  is  true  of  pericarditis.  In  the  majority  of 
cases  the  muscle  is  more  or  less  profoundly  damaged,  and  there  is  no 
doubt  that  the  injury  to  the  muscle  is,  in  a  large  degree,  responsible  for 
the  functional  disturbances  which  are  the  most  prominent  features  in  the 
clinical  picture.  It  is  my  duty  to  mention  these  matters  here,  although 
the  discussion  of  the  endocarditis  and  pericarditis  form  no  part  of  the 
task  allotted  to  me  in  this  work.* 

As  frequently  happens,  the  great  progress  in  diagnosis  had  the  effect  of  rendering 
our  views  one-sided  in  regard  to  inflammations  of  the  heart.  The  physical  signs 
of  endocarditis  and  pericarditis  being  so  much  more  striking  than  the  signs  of  mus- 
cular disease,  which  are  more  modest  and  unobtrusive  as  sjrmptoms,  but  unques- 
tionably of  much  more  imoortance  functionally,  the  latter  were  for  a  long  time  com- 
pletely overshadowed  in  tne  minds  of  physicians  by  the  more  conspicuous  signs  of 
endocardial  and  pericardial  disease.  Another  unfavorable  influence  on  the  develop- 
ment of  our  knowledge  of  myocarditis  is  found  in  an  old  superstition  that  the  heart 
muscle  is  incapable  ofbecommg  inflamed.  So  far  as  I  can  see,  there  has  always  been 
a  great  diversity  of  opinion  among  various  physicians  in  regard  to  the  occurrence 
and  frequency  of  carditis.  While  Craigie,t  for  example,  as  late  as  1847,  considered 
it  worth  while  to  collect  all  the  cases  known  up  to  this  time, — sixteen  in  aU, — Kreysigt 
states  that  the  disease  is  "very  frequent,  but  unfortunately  mostly  unrecognized 
up  to  that  time."  Even  since  that  period  opinions  have  fluctuated,  and  it  is  only 
now  that  something  like  unanimity  is  being  achieved.  We  are  able  not  onl^  to 
describe  the  clinical  picture,  but  also  to  define  its  differences  from  other  conditions, 
and  the  disease  is  by  no  means  rare.  In  describing  the  s^ptomatology  we  have 
to  depend  chiefly  on  the  more  recent  observations,  because  m  most  of  the  older  cases 
no  attempt  was  made  to  distinguish  between  endocarditis  and  pericarditis.  Laomec 
never  saw  an  absolutely  clear  case  of  myocarditis,  and  even  Latham  oonsidered  such 
cases  extremely  rare  and  impossible  to  recognize. 
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THE  HEART  IN  ACUTE  INFECTIOUS  DISEASES;   ACUTE 
INFECTIOUS  HYOCARDmS. 

A  modem  description  of  the  processes  that  take  place  in  the  circulatory 
organs  in  the  infectious  diseases  must  include  a  consideration  of  all  the 
various  mechanisms  that  serve  to  maintain  the  circulation;  for  the  toxic 
agents  that  develop  during  infections  may  attack  the  circulatory  organs 
in  a  variety  of  places;  heart,  blood-vessels,  as  well  as  the  nervous  appara- 
tus which  are  intrusted  with  the  task  of  regulating  the  action  of  the  heart 
and  the  caliber  of  the  vessels,  may  be  diseased  either  singly  or  combined. 

We  may  see  the  most  variegated  clinical  picture,  the  disentangling 
and  interpreting  of  which  often  present  great  diflSculties.  For  the  physi- 
cian at  the  bedside  sees  only  the  results  of  these  complicated  processes, 
that  is,  their  ultimate  effect  on  the  circulation.  The  caae  is  exactly 
parallel  with  disturbances  of  the  heart  rhythm  (see  p.  458).  For  what  the 
physician  observes  in  these  conditions  due  to  infection  are  the  effects  of  the 
most  complicated  influences,  and  he  at  first  has  no  means  of  knowing  by 
which  one  of  a  number  of  possible  methods  they  have  been  brought  about. 
As  was  explained  in  connection  with  disturbances  of  the  cardiac  rh3rthm,  the 
processes  are  so  complicated  that  it  does  not  seem  possible  that  they  can 
ever  be  cleared  up  by  observation  at  the  bedside  alone;  the  question 
must  be  still  further  investigate,  not  only  by  systematic  observation  of 
patients  by  trained  physiologists,  but  also  by  imitating  the  phenomena 
observed  in  man  by  means  of  animal  experiments.  These  two  methods 
have,  in  fact,  enabled  us  to  obtain  a  certain  insight  into  this  question. 

Infection  and  fever  always  have  an  effect  on  the  rhythm  of  the  heart. 
Not  merely  that  a  rise  in  the  body  temperature  is  accompanied  by  an 
increase  in  the  frequency  of  the  heart-beat,  and  the  latter  is  either  increased 
or  diminished  when  the  force  of  the  heart  is  impaired;  but,  in  addition, 
the  various  diseases  exercise  different  effects  on  the  heart  rh3rthm,  evidently 
dependent  on  the  nature  of  the  intoxications  with  which  they  are  as- 
sociated. I  recall  merely  the  relative  slowing  of  the  pulse  in  typhoid  fever 
and  its  acceleration  in  scarlet  fever  and  most  streptococcus-infections. 
These  things  are  discussed  in  connection  with  infectious  diseases,  and  need 
not,  therefore,  detain  us  here. 

The  function  of  the  tissues  is  very  much  under  the  influence  of  the 
pressure  and  velocity  of  the  blood.  Both  these  factors  may  remain  entirely 
unaffected  in  infectious  diseases,  as  the  investigations  made  by  Mosen* 
demonstrate  with  absolute  certainty.  But  this  is  by  no  means  always 
the  case.  On  the  contrary,  we  cannot  help  being  reminded  of  the  abundant 
opportunities  in  infectious  diseases  for  causing  disease  of  the  heart,  blood- 
vessels, and  vasomotor  centers. 

Although  it  has  never  been  absolutely  proved  it  may  be  assumed  with 
confidence  that  the  poisons  generated  by  the  bacteria  may  produce  de- 
generation of  the  muscle-fibers  and  true  inflanunation.  The  blood-vessel 
walls  ^so,  both  in  the  heart  and  in  other  organs,  as  the  kidneys,  for  ex- 
ample, sometimes  become  inflamed.  These  changes,  as  we  have  seen 
elsewhere,  diminish  the  functional  capacity  of  the  heart,  and  it  should  be 
part  of  the  description  of  the  individual  disease  to  set  forth  to  what  extent 
this  impairment  takes  place;  by  what  symptoms  it  is  accompanied,  and 
at  what  period  of  the  disease  it  occurs. 

*  Mosen,  '' Archiv  fOr  klinische  Medicin/'  vol.  lii,  p.  601. 
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We  also  know  that  a  great  many  different  parts  of  the  nervous  system 
sometimes  manifest  functional  disturbances  during  infectious  diseases. 
Here  we  are  interested  only  in  the  central  endings  of  the  nerves  going  to 
the  heart,  and  in  those  of  the  vasomotor  nerves.  The  rhythm,  as  well  as 
the  strength,  of  the  cardiac  contractions  can  be  influenced  by  stimuli 
from  the  medulla  oblongata,  and  it  is  easily  possible  that  such  an  influence 
actually  is  exerted  in  infectious  diseases. 

There  is  uncjuestionabl^  a  disturbance  of  the  vasomotor  apparatus  for  the  cu- 
taneous vessels  in  all  infections  associated  with  fever;  in  fact,  there  is  the  closest 
possible  connection  between  this  disturbance  and  the  occurrence  of  the  fever.  Irri- 
tative and  paralytic  phenomena  are  closely  interwoven,  but  a  closer  understanding 
of  these  important  and  interesting  matters  still  remains  to  be  gained.  Changes 
in  the  condition  of  the  cutaneous  vessels  do  not  directly  affect  the  general  circulation, 
if  we  may  be  allowed  to  jud^e  by  the  results  obtained  in  animal  experiments  made 
for  the  purpose  of  determimng  the  influence  of  the  individual  vascular  regions  of 
blood-pressure;  there  is  no  doubt  that  in  the  case  of  man  also  the  splanchnic  vessiels 
exert  a  marked  influence  on  the  blood-pressure.  One  is  forced  to  conclude,  therefore, 
that  if  the  central  endings  of  the  nerves  of  one  vascular  region  become  labile, — and 
we  know  that  this  is  actually  the  case  during  fever,  so  far  as  the  cutaneous  vessels 
are  concerned, — it  is  probable  that  the  endings  of  nerves  belonging  to  any  other  vas- 
cular area  may  be  equally  labile. 

The  clinical  picture  of  vasomotor  paralysis,  or,  more  correctly,  paralysis 
of  the  splanchnic  vessels,  has  been  rendered  familiar  by  animal  experiments : 
overfilling  of  the  very  wide  abdominal  vessels,  resulting  in  anemia  of  the 
rest  of  the  body;  incomplete  filling  of  the  heart,  and  accelerated  heart 
action  with  low  blood-pressure.  There  is  no  marked  dyspnea,  and  stasis 
is  absent;  the  color  of  the  skin  is  extremely  pale,  not  blue.  The  clinical 
picture,  therefore,  presents  a  number  of  points  of  similarity  to  that  of 
ordinary  heart  failure,  although  there  are  also  a  number  of  points  of  dis- 
similarity, and  the  mere  appearance  of  some  patients  suffering  from  cir- 
culatory disturbances  during  an  infectious  disease  sometimes  suggests  that 
vasomotor  palsy  is  the  most  important  part  of  the  morbid  process.  Now 
it  has  been  shown,  by  an  excellent  experimental  investigation  carried  out 
by  Romberg  and  his  collaborators,*  that  the  circulatory  disturbances 
which  not  infrequently  make  their  appearance  in  profoundly  infected 
animals  are  caused  almost  exclusively  by  central  paralysis  of  the 
vasomotor  apparatus.  The  heart  pla3rs  only  a  secondary  part  in  the 
production  of  these  circulatory  disturbances. 

These  facts  are  exceedingly  important  and  valuable;  for  they  may  be 
utilized  to  draw  conclusions  applicable  to  man.  In  the  infectious  diseases 
of  man,  also,  vasomotor  palsy  quite  possibly  plays  an  important  part  in 
the  explanation  of  circulatory  disturbances.  It  remains  to  be  shown  to 
what  extent  this  is  really  the  case,  in  the  several  diseases,  and  to  what 
extent  the  heart  itself  becomes  diseased  in  these  conditions. 

It  is  always  found  that  the  heart  and  vasomotor  apparatus  are  only 
injured  in  a  certain  proportion  of  the  cases.  What  are  the  factors  that 
favor  disease  of  the  heart  and  vasomotor  apparatus?  Is  anything  known 
about  this  point?  In  the  case  of  palsies  in  the  nervous  system  the  great 
question,  which  has  not  even  been  touched  upon  as  yet,  whether  what  we 
call  a  weak — hereditarily  weak — ^nervous  system  is  more  apt  to  fall  a  victim 
to  the  poisons  of  infectious  diseases  than  a  soimd  one,  remains  to  be  decided. 
Many  observations  might  be  interpreted  as  supporting  this  view,  and  the 

*  Romberg,  P&ssler,  Bruhns,  and  MOUer,  "Archiv  far  klinische  Medicin/'  vol. 
Ixiv,  p.  652. 
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question  is  in  urgent  need  of  careful  investigation.  But  it  is  obvious 
that  this  question  can  be  answered  only  in  the  case  of  patients  with  whose 
family  history  and  conditions  the  physician  is  familiar,  and,  therefore, 
as  in  so  many  other  matters,  the  family  physician  alone  can  help  us. 

It  would  be  most  desirable  to  know,  in  the  case  of  the  heart,  whether 
factors  which  affect  its  functional  capacity  unfavorably,  such,  for  example, 
as  anomalies  in  the  nutrition  or  improper  habits  of  life,  also  render  the 
organ  more  sensitive  to  the  poison  of  the  infectious  diseases;  nor  has  the 
significance  of  antecedent  diseases  of  the  heart  ever  been  determined  with 
siSScient  accuracy. 

The  pathologic  changes  observed  in  the  heart  muscle  in  the  various 
infectious  diseases  are  essentially  the  same;  they  are  briefly  the  degenera- 
tions and  inflammations  that  develop  imder  the  influence  of  microbiotic 
poisons.  The  skeletal  muscles  not  infrequently  become  diseased  as  well 
as  the  myocardium;  in  fact,  the  morphologic  processes  were  first  studied 
by  Virchow  and  Zenker  on  skeletal  muscles,*  and  Hayem,  in  an  excellent 
article,t  showed  his  acumen  and  breadth  of  view  when  he  drew  a  parallel 
between  the  processes  that  occur  in  the  two  kind  of  tissues.  The  first 
observations  were  made  on  a  typhoid  heart,  but  the  most  minute  observa- 
tions were  obtained  in  diphtheria.  We  shall  begin  with  diphtheria,  because 
we  know  most  about  its  relations  to  the  changes  in  the  circulatory  organs 
from  both  an  anatomic  and  a  physiologic  standpoint 

DIPHTHERIA. 

The  frequency  of  circulatory  disturbances  is  quite  characteristic  of 
the  general  pictiure  of  diphtheria.  It  is  true  that  some  uncomplicated 
cases  of  the  disease  run  their  course  without  any  marked  symptoms  refer- 
able to  the  heart  and  blood-vessels;  but,  on  the  other  hand,  the  poison 
of  diphtheria  is  evidently  specially  apt  to  injure  the  circulatory  organs,  and 
the  frequent  complication  of  the  diphtheria  infection  with  other  bacterial 
invasions  and  local  diseases  affords  special  opportunities  for  the  develop- 
ment of  the  disease  of  the  circulatory  system. 

It  has  been  learned,  by  a  long  series  of  very  careful  investigations,  that 
diphtheria  is  very  often  followed  by  profoimd  changes  in  the  parenchyma 
fibers  of  the  heart— vacuolated,  granular,  fatty,  and  waxy  degeneration 
as  well  as  degenerations  of  the  nuclei,  besides  true  interstitial  inflammation 
of  the  musculature.^  These  alterations  are  almost  always  accompanied  by 
exudations  on  the  pericardium  and  frequently  also  on  the  endocardiima. 
There  is  still  a  good  deal  of  discrepancy  between  the  statements  and  views 
of  different  authors  in  regard  to  numerous  details,  the  frequency  of  the 
kind  of  change,  and  especially  the  relation  between  parenchjnnatous  and 
interstitial  processes.  This  discrepancy  is  probably  due  in  part  to  the 
methods  of  examination  employed;  but  it  seems  tome  that  the  disease 
itself  produces  a  great  variety  of  phenomena.  There  is  no  doubt  that 
degeneration  of  the  parench3rma  fibers  takes  place  gradually  and  that,  until 
the  middle  of  the  second  week,  the  most  minute  changes  in  the  muscle  are 

♦Virchow,  in  the  celebrated  article,  "Ueber  parenclmnat^se  Entztindung," 
"Virchow's  Archiv,"  vol.  iv,  p.  261.  Zenker,  "Ueber  die  Verandeningen  der  will- 
kOrlichen  Muskdn  bei  TVphus  abdominalis/'  Leipzig,  1864. 

t  Hayem,  "Archives  de  physiol.  norm,  et  pathol.,"  1869,  vol.  ii,  p.  699,  and  1870, 
vol.  iii,  various  papers,  especially  p.  284. 

}  For  a  detailed  description  of  these  changes  see  Romberg,  Rosenbach,  Hall- 
wachs,  Ribbert. 
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chiefly  parenchymatous.  About  this  time  the  interstitial  exudation 
begins,  and  then  dominates  the  process  in  the  circulatory  apparatus.  The 
exudate  may  be  unattended  by  any  visible  parenchymatous  changes,  or 
it  may  be  combined  with  such  changes  in  a  variety  of  ways.  As  has  been 
stated,  there  is  still  much  confusion  on  this  point.  It  does  not  seem  to 
me  that  general  pathologic  observations  or  observations  made  on  other 
organs,  as,  for  example,  the  kidneys,  justify  the  assumption  that  there  is  a 
fundamental  distinction  between  the  two  kinds  of  processes;  but  it  is 
nevertheless  true,  as  Romberg  points  out,  that  the  observations  reported 
are  against  the  obvious  assinnption  that  the  accumulation  of  leukocjrtes 
between  the  fibers  is  always  secondary  to  known  degenerative  changes. 
More  investigations  are  required  to  determine  what  effect  the  causes  of 
inflammation  imder  all  circumstances  have  on  the  structure  of  the  paren- 
chyma cells. 

There  is  no  doubt  that  the  circulatory  disturbances  during  convalescence, 
presently  to  be  described,  must  be  attributed  to  the  existence  of  an  acute 
interstitial  myocarditis;*  the  two  processes  are  absolutely  parallel, f  and  it 
will  not  be  difficult  to  show,  by  the  description  of  the  symptoms,  that  the 
clinical  phenomena  rest  on  insufficiency  of  the  inflamed  heart  muscle  as 
a  foundation. 

The  conditions  are  much  more  obscure  during  the  early  period  of  the 
disease.  At  this  time  there  is  no  interstitial  myocarditis;  the  degenera- 
tions in  the  muscle-fibers  have  already  begim,  and  may  have  attained 
a  variable  degree  and  extent  in  different  cases  on  the  same  day  of  the  dis- 
ease. The  intensity  of  these  degenerations  is  unquestionably  great  enough 
in  many  cases  to  afford  a  perfect  explanation  of  the  diminution  in  the 
strength  of  the  heart;  if  for  no  other  reason,  because  a  large  quantity  of 
functionating  plasma  has  been  destroyed.^  In  other  cases  the  changes 
in  the  fibers  are  insignificant  or  altogether  wanting  at  this  period.  In 
such  cases  toxic  disturbance  of  the  heart  is  by  no  means  impossible  in 
my  opinion;  §  for  all  that  we  know  about  the  subject  indicates  that  these 
parenchymatous  degenerations  develop  imder  the  influence  of  poisons. 
Besides,  Roily 's||  investigations  demonstrate  with  absolute  certainty  that 
the  heart  itself  is  damaged  by  the  diphtheria  poison. 

But,  as  Romberg  has  very  correctly  pointed  out,  there  is  a  third 
factor:  the  disturbance  of  the  circulation  due  to  vasomotor  palsies.  The 
above-mentioned  investigations  have  shown  that  in  acute  fatal  diphtheria^ 
infection  in  the  rabbit  vasomotor  palsy  is  an  important  factor.  This 
observation  may  be  unhesitatingly  applied  to  human  diphtheria,  for  the 
clinical  picture  of  the  profound  circulatory  disturbance  during  the  early 
period  of  the  disease  presents  many  features  which  point  to  a  vasomotor 
palsy.  Of  course,  in  thus  using  the  results  of.  animal  Experiments  to  ex- 
plain the  processes  occurring  in  man,  it  must  be  borne  in  mind,  as  in  all 
cases  of  this  kind,  that  the  morbid  phenomena,  owing  to  the  fact  that  they 
are  often  forcibly  produced  and  that  the  clinical  course  is  abnormally  con- 

*  The  historic  aspect  of  the  question  is  treated  by  Romberg. 

t  The  proofs  are  given  by  Romberg,  Hallwachs. 

i  Compare  J&ger , "  Miinchener  medicinische  Abhandlungen."  Romberg, ''  Herz- 
krankheiten." 

§  Hesse,  "  Jahrbuch  fttr  Kinderheilkunde/'  vol.  xxxvi,  p.  19  (from  Heubner's 
clinic). 

II  Roily,  "Archiv  fflr  experimentelle  Pathologie,"  vol.  xlii,  p.  283  (from  Gott- 
lieb's institute).  Compare  Beck  and  Slapa,  ''Wiener  klinische  Wochenschrift/' 
1895,  No.  18.    Enriquez  and  Hallion,  "Archives  de  physiologic,"  1898,  p.  393. 
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centrated,  sometimes  exhibit  a  certain  onesidedness — an  exaggeration  in 
some  one  direction.  I  think  it  will  require  further  observation  on  man  to 
determine  how  much  each  system  of  the  body  contributes  to  these  dis- 
turbances, and  I  believe  it  will  be  found  that  the  heart  takes  some  part  in 
these  disturbances  also. 

I  will  not  venture  to  express  an  opinion  about  the  changes  found  in  the 
nervous  apparatus,  for  example,  the  disease  of  the  abdominal  nerves 
described  by  Veronese.  Equally  premature,  in  my  opinion,  would  be  the 
attempt  to  explain  the  clinical  picture  by  some  disease  of  the  heart  nerves.* 
For  the  present  all  we  can  say  is  that  the  diphtheria  poison  injures  the 
heart  musde  and  the-  vasomotor  apparatus. 

Symptoms. — During  the  first  week  of  the  disease  circulatory  dis- 
turbances are  probably  less  frequent  than  later  on.  But  they  do  occur  at 
this  time,  especially  when  the  infection  is  very  severe  from  tiie  beginning 
and  there  is  a  pulmonary  complication.  The  pulse  becomes  small  and 
soft.  The  rate  may  be  unchanged,  but  more  frequently  the  heart  action 
is  greatly  accelerated,  sometimes  also  distinctly  infrequent,  not  rarely 
irregular  and  unequal.  The  usual  physical  examination  of  the  heart  does 
not  necessarily  reveal  anything  abnormal.  Dilatation  and  s3rstolic  mur- 
murs, such  as  we  shall  presently  discuss  more  fully,  are  sometimes  present 
even  at  this  early  stage  of  the  disease. 

The  patients  are  often  exceedingly  pale  and  usually  a  little  cyanotic. 
Sometimes  they  complain  of  a  sense  of  pressure  and  pain  on  the  chest  or 
in  the  abdomen;  the  latter  is  most  frequently  due  to  swelling  of  the  liver. 
The  albuminuria,  which,  as  a  rule,  is  already  present,  may  increase  or,  if 
it  was  not  present  before,  it  now  makes  its  appearance.  Occasionally 
vomiting  is  observed.  Without  the  occurrence  of  severe  stasis,  the  patients 
sometimes  become  apathetic  or  somnolent,  but  occasionally  retain  con- 
sciousness to  the  end,  and  die,  unfortunately  very  often,  within  a  few  hours, 
or,  in  other  cases,  days.  At  this  early  stage  of  the  disease  any  severe 
symptom  is  always  of  grave  prognostic  omen.  Mild  symptoms  may  sub- 
side even  at  this  stage. 

These  are  the  cases  in  which  vascular  palsies  unquestionably  play  an 
important  part,  as  no  one  will  doubt  who  attentively  studies  his  patients 
with  the  eyes  of  the  physiologist  and  is  familiar  with  Romberg's  animal 
experiments.  But  I  believe  in  the  case  of  man  the  heart  also  shares  in  the 
process.  I  need  only  call  attention  to  the  slowing,  irregularity,  and 
inequality  of  the  heart-beat  and  to  the  dilatation  which  is  not  infre- 
quently encountered  even  at  this  period  of  the  disease  in  combination  witii 
the  above-mentioned  phenomena. 

During  the  latter  stages  of  the  disease,  abnormality  of  the  heart  action 
becomes  more  and  more  prominent  as  the  cause  of  the  circulatory  dis- 
turbances. Symptoms  of  disturbed  heart  action  often  make  their  ap- 
pearance even  at  this  stage;  while  the  diphtheritic  infection  in  addition 
manifests  itself  by  a  number  of  other  phenomena  referable  to  a  great 
many  different  organs. 

But  the  most  curious  thing  is  that,  for  a  long  time,  weeks  after  the 
disease  itself  has  run  its  course,  and  when  the  patient  is  convalescent, 
there  is  still  danger  of  the  occurrence  of  severe  circulatory  disturbances; 
in  other  words,  acute  myocarditis — for  that  is  always  the  condition  in  these 
cases — may  occur  even  at  this  late  date.    Possibly  this  fact  justifies 

*  Vincent,  "Archives  de  m^decine  exp^rimentale,"  vol.  vi,  1894,  p.  513,  contains 
bibliography.     Ck>mpare  Schamschin,  "Ziegler's  Beitr&ge,"  vol.  xviii,  p.  64. 
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Romberg's  view  in  r^ard  to  the  production  of  myocarditis.  He  attributes 
it  not  to  the  continued  action  of  the  diphtheria  poison,  but,  so  to  speak,  to 
the  compensation  of  injuries  which  the  poison  has  caused.  To  thils  might 
be  added  the  curious  changes  which  the  specific  poisons  of  infectious  dis- 
eases appear  to  undergo  in  the  body,  or  possibly  secondary  infections. 
This  will  be  referred  to  again.  Patients  who  develop  this  form  of  myo- 
carditis— they  are  usually  children — often  present  no  general  signs  what- 
ever. In  other  cases,  however,  they  become  restless,  excited,  peevish,  or 
apathetic,  and  even  somnolent  as  the  cardiac  symptoms  b^in.  Marked 
pallor,  coming  on  with  variable  rapidity,  is  observed  in  a  number  of  cases, 
and  violent  vomiting  not  infrequently  makes  its  appearance.  Both  these 
symptoms  are  always  extremely  grave.  Fever  is  usually  absent  in  post- 
diphtheritic myocarditis;  very  rarely  slight  elevations  of  temperatiu^  are 
observed  in  the  b^inning. 

It  is  a  fact  to  be  remembered  in  connection  with  all  the  symptoms  that 
occiu*  in  association  with  this  form  of  myocarditis  that  they  are  only  in 
part  dependent  on  the  myocarditis,  and  that  the  primary  trouble  is  also 
partly  responsible  for  them.  The  physician  must  determine  by  careful 
observation  the  condition  of  each  individual  case  in  this  respect:  paraly- 
sis, severe  bronchitis,  bronchopneumonia,  and  inspiration  pneiunonia, 
of  course,  complicate  the  clinical  course  very  much,  but  have  nothing  to 
do  with  miyocarditis  as  such.  Among  the  cardiac  symptoms  the  most 
important  are  disturbances  of  the  heart  action,  especially  an  increase  of 
the  frequency.  This  may  develop  gradually  and  may  persist;  sometimes, 
however,  it  occurs  suddenly,  and  in  such  a  case  there  may  be  at  least  a 
certain  outward  resemblance  to  the  symptoms  of  paroxysmal  tachycardia.* 

Slowing  of  the  action  is  not  infrequently  encountered,  and  is  said,  as  a 
rule,  to  be  a  bad  prognostic  omen,  because  it  indicates  a  severe  d^ree  of 
cardiac  weakness;  rapid  sinking  of  the  pulse-rate  is  particularly  ominous. 
In  order  to  determine  these  symptoms  it  is  almost  needless  to  say  that  the 
patient's  age,  the  temperature,  and  other  existing  complications  must  be 
carefully  taken  into  account.  Other  changes  are  irregularity  and  in- 
equality of  one  kind  or  another,  enlargement  of  the  heart  to  the  left,  to 
the  right,  or  in  both  directions;  reduplication  of  one  or  both  sounds;  very 
often  impurity  of  the  first  sound  or  a  systolic  murmur,  which  must  be 
attributed  to  muscular  insufficiency  of  the  mitral  valve.  The  accentua- 
tion of  the  second  pulmonic  sound  is  another  evidence  of  mitral  insuf- 
ficiency. After  severe  cardiac  weakness  gallop  rhythm  or  embryocardia 
is  sometimes  observed. 

The  arterial  pressure  falls,t  the  pulse  becomes  small  and  soft,  passive 
congestion  not  infrequently  develops  in  various  regions  of  the  body;  the 
liver  becomes  enlarged,  edema  makes  its  appearance,  the  quantity  of  urine 
diminishes.  The  face,  and  especially  the  regions  surrounding  the  eyelids, 
are  usually  puffy;  although  this  symptom  may  be  in  part  due  to  the  local 
affection  and  possibly  to  disease  of  the  kidney. 

Albuminuria  is  very  frequent.  It  recurs  in  those  cases  in  which  it 
had  already  disappeared.  If  it  is  still  present  as  the  result  of  the  infection 
itself,  the  excretion  of  albumin  usually  increases.  With  the  microscope, 
a  few  white  blood-cells  and  hyaline  casts  are  found. 

The  entire  illness  may  run  its  course  without  any  subjective  83rmptoms 

*  Compare  the  cases  cited  by  Proebsting  on  p.  360  of  his  essay  in  "  Archiv  fOr 
klinische  Medicin/'  vol.  xxxi. 

t  Compare  Friedmann,  "  Jahrbuch  fQr  Kinderbeilkunde/'  vol.  xxxvi,  p.  50. 
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referred  to  the  heart,  but  this  again  is  in  part  explained  by  the  fact  that 
most  of  the  patients  are  children.  Quite  frequently,  however,  they  com- 
plain of  pressure  on  the  chest  and  heart-fear,  pain,  and  palpitation. 
Conditions  very  closely  resembling  angina  pectoris  may  even  occur,  and 
all  these  symptoms,  or  some  of  them,  by  themselves  cause  many  patients 
a  good  deal  of  distress.  The  children  sometimes  suffer  discomfort  from 
congestion  of  the  liver.  There  is  no  doubt  that  the  subjective  symptoms 
are  much  greater  in  the  second  period  of  the  disease  than  in  the  first, 
probably  in  part  due  to  the  fact  that  the  heart  is  more  profoundly  involved 
during  this  period  of  the  disease,  and  partly  to  the  fact  that  the  children 
are  perfectly  conscious  because  the  general  infection  by  that  time  has  run 
its  course. 

It  is  said,  however,  that  all  these  cardiac  s3anptoms  may  be  absent 
and  that  the  pulse  even  may  retain  its  normal  character  until  shortly 
before  sudden  and  unexpected  death.  It  would  obviously  be  improper 
for  a  writer  to  call  positive  statements  in  question.  It  must  be  remembered, 
however,  that  a  perfect  familiarity  with  the  morbid  s3anptoms  is  necessary 
before  they  can  be  discovered,  and  that  our  accurate  knowledge  of  diph- 
theritic myocarditis  is  very  recent;  so  it  will  surprise  no  one  that,  as  this 
knowledge  spreads,  these  s)rmptoms  of  diphtheritic  myocarditis  will  be 
recognized  correspondingly  earlier  in  the  disease.  Romberg  and  Veronese 
express  themselves  to  the  same  effect:  cases  of  unexpected  death  will 
diminish  in  proportion  as  the  heart  is  more  regularly  subjected  to  minute 
examination  in  diphtheria. 

The  above-mentioned  circulatory  disturbances  are  encountered  in 
from  10  to  20  per  cent,  of  all  the  cases  of  diphtheria.  On  this  point  the 
statements  of  Romberg  and  Schmaltz  agree.  So  far  as  can  be  judged  at  the 
present  time,  serum  treatment  has  no  appreciable  influence  on  their 
frequency.  While  the  prognosis  is  very  unfavorable  when  the  phenomena 
occur  during  the  early  stages  of  the  infection,  probably  depending  on  the 
profound  intoxication  of  the  central  nervous  system,  recovery  takes 
place  in  more  than  half  of  the  cases  which  begin  later. 

It  has  been  stated  that  this  myocarditis  of  convalescents  may  appear 
after  the  intoxication  proper  has  run  its  course,  and  is  often  protracted  for 
weeks  or  even  months.  Either  the  symptoms  of  cardiac  insuflBciency 
gradually  increase  and  then  subside  again,  or  they  persist  with  variable 
intensity  for  weeks;  the  patient,  so  to  speak,  hovers  between  life  and 
death.  These  cases  afford  a  striking  illustration  of  the  curative  power  of 
uniform,  absolute  rest  and  of  the  great  injury  caused  by  even  the  slightest 
bodily  exertion  or  psychic  excitement.  Other  cases  of  this  kind  progress 
irresistibly  to  complete  cardiac  insufficiency  and  death,  which  may  occur 
in  a  few  days  or  may  be  deferred  for  two  or  three  weeks.  Toward  the  end 
the  child  often  becomes  somnolent;  although,  on  the  other  hand,  death 
may  be  accompanied  by  the  most  frightful  conditions  of  intense  excite- 
ment and  terror. 

Death  may  come  on  gradually  as  the  result  of  a  progressive  increase 
of  all  the  symptoms;  or  it  may,  as  has  been  mentioned,  occur  suddenly. 
At  all  events,  these  patients  have  to  be  watched  with  the  very  greatest 
care  and  attention  by  the  parents  as  well  as  by  the  physician,  often  for 
many  weeks;  and  so  long  as  the  objective  findings  render  such  supervision 
necessary,  a  guarded  prognosis  will  have  to  be  given. 

If  the  child  escapes, — the  proportion  of  recoveries  is  about  two- 
thirds, — all  the  symptoms  may  disappear  completely.    Acute  myocarditis, 
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as  we  know,  is  a  curable  disease,  even  when  it  occurs  under  other  cir- 
cumstances, and  the  heart  of  a  child  possesses  extraordinary  powers  of 
recuperation.  It  may  be  a  long  time,  however,  before  the  signs  of  disease 
disappear  from  the  hea^;  for  instance,  the  muscular  mitral  insufBciency 
may  persist  for  weeks  and  months  and  may  disappear  at  the  end  of  that 
time. 

Complete  recovery  does  not  occur  in  all  cases.  It  cannot  be  denied, 
either  theoretically  or  on  the  basis  of  clinical  experience,  that  the  inflam- 
mation of  the  muscle  may  progress  and  that  the  acute  myocarditis  may 
develop  into  a  chronic  form. 

French  investigators  particularly  lay  great  stress  on  the  previous 
occurrence  of  diphtheria  as  a  factor  in  the  etiology  of  chronic  myocarditis. 
Whether  or  not  valvular  lesions  develop  after  diphtheria  I  will  not 
venture  to  decide.  While  the  endocardium  is  frequently  inflamed  in 
diphtheria,  it  is  certainly  rare  for  the  valves  themselves  to  be  affected. 
One  thing  is  certain,  however;  a  considerable  proportion  of  the  children 
for  years  after  the  acute  disease  has  run  its  course  still  have  dilatation  of 
the  heart,  a  systolic  murmur,  and  accentuation  of  the  second  pulmonic 
sound;  in  other  words,  all  the  signs  of  mitral  insuflSciency.  It  is  quite 
possible  that  this  mitral  insufficiency  may  become  permanent.  The 
question  is  whether  we  are  dealing  with  phenomena  of  a  purely  myo- 
carditic  nature  or  whether  the  inflammation  which  takes  place  in  other 
portions  of  the  endocardium  finally  also  attacks  the  valves. 

Schmaltz*  has  made  a  careful  study  of  the  course  and  termination  of  the 
diphtheritic  circulatory  disturbances  and  has  reported  his  results  in  a 
number  of  fine  treatises.  He  shows  how  very  obstinate  these  processes 
are.  Even  when  the  heart  presents  nothing  morbid  during  the  acute 
disease  or  the  weeks  immediately  following,  the  S3rmptomsof  carditis  may, 
nevertheless,  develop  and  become  the  starting-point  of  a  chronic  inflamma- 
tion. We,  therefore,  observe  a  close  similarity  to  the  processes  that  occur 
in  rheumatic  polyarthritis. 

And,  finally,  there  is  another  very  important  point.  As  has  been 
stated,  the  restitutio  in  integrum  in  many  cases  of  diphtheritic  heart 
disease  that  end  in  recovery  is  so  complete  that  an  ordinary  physical  ex- 
amination reveals  nothing  whatever. 

But  it  is  a  question,  nevertheless,  whether  the  heart  is  really  absolutely 
sound,  especially  whether  it  has  the  same  functional  capacity  as  before,  or, 
in  other  words,  whether  its  capacity  is  adequate  to  the  demands  incident 
to  the  individual's  mode  of  life.  The  more  we  study  heart  diseases,  the  more 
we  are  impressed  with  the  extreme  complexity  of  the  etiology;  an  infec- 
tious disease  that  has  run  its  course  many  years  before  a  definite  disease  of 
the  heart  develops,  appears,  nevertheless,  to  be  capable  of  influencing  the 
development  of  that  disease,  although  the  interval  between  the  two  events 
may  have  been  marked  by  perfect  health.  Possibly  the  first  disease  pre- 
pared the  soil  for  the  second. 
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RHEUMATIC  POLYARTHRITIS. 

Among  infectious  diseases  polyarthritis  stands  out  as  tbe  classic  cause 
of  heart  disturbances  and  is,  accordingly,  discussed  at  length  in  the  section 
on  Valvular  Lesions.  But  it  cannot  be  neglected  altogether  in  this  con- 
nection because,  like  diphtheria,  articular  rheumatism  also  leads  to  acute 
myocarditis.  That  this  is  relatively  so  little  known  is  due  to  the  prevailing 
and  in  many  respects  incorrect  views  in  regard  to  the  pathology  of  the 
conditions  designated  valvular  lesions. 

Many  of  the  processes  that  take  place  in  the  heart  in  these  diseases  are 
attributed  to  endocarditis  without  suflScient  grounds  for  doing  so.  To 
give  a  special  instance,  we  now  know  that  it  is  altogether  wrong  to  make 
a  diagnosis  of  endocarditis  as  soon  as  a  systolic  mitral  murmur  is  d^overed, 
even  if  the  murmur  is  accompanied  by  accentuation  of  the  second  pulmonic 
sound.  The  great  significance  of  the  muscular  function  in  the  closing  of 
the  valves  is  now  well  known,  and  in  diseases  of  the  heart  characterized 
preeminently  by  anomalies  of  the  muscular  action,  muscular  insufiiciency 
of  the  mitral  valve  is,  in  fact,  extraordinarily  frequent. 

Anatomic  studies  have  shown  that  the  entire  heart  becomes  diseased 
in  consequence  of  rheumatic  polyarthritis,  exactly  in  the  same  way  as  in 
the  other  infectious  processes.  The  signs  of  inflanmiation  with  the  exuda^ 
tion  of  numerous  round-cells  make  their  appearance  in  the  myocardium, 
the  pericardium,  and  the  endocardium,  in  the  latter  chiefly  at  the  valves. 
Extensive  parench3anatous  degenerations  are  also  said  to  occur.* 

[For  a  more  detailed  account  of  the  myocardial  changes  after  rheumar 
tism  see  Romberg,  ''Lehrbuch  der  Krankheiten  des  Herzens  und  der 
Blutgefasse,"  1906;  Krehl,  '^Pathologische  Physiologic,"  fourth  edition, 
1906;  Aschoff  and  Tawara,  "Die  heutige  Lehre  von  den  path.-anat. 
Grundlagen  derHerzschwache,"  1906;  Aschoff,  "British  Medical  Journal," 
1906,  vol.  ii,  p.  1103.  Aschoff  and  Tawara  describe  not  only  simple 
necrotic  areas  and  scars  that  might  follow  such  areas,  due  to  emboli  derived 

*  West,  "Lancet,"  January  30, 1886.  Cited  from  "  Virchow-Hirech,"  1886,  ii, 
p.  64. 


640  DISEASES  OF  THE  MYOCARDIUM. 

from  the  endocardium  or  to  stenoses  of  the  vessels,  but  also  submiliary 
nodules  in  the  perivascular  connective  tissue  and  under  the  endocardium. 
The  nodules  are  made  up  of  cells  of  various  kinds,  including  large  ones  with 
giant  nuclei.  They  were  foimd  in  rheumatic  cases,  but  not  in  all  of  the 
cases  examined.  Geipel  has  confirmed  the  findings  in  a  few  cases.  Aschofif 
is  properly  reserved  in  the  interpretation  of  the  nodules,  admitting  that 
they  may  cause  cardiac  weakness,  in  some  cases,  from  interference  with 
the  conducting  fibers.  His  general  conclusion  regarding  heart  weakness  in 
such  cases  is  that  it  is  due  to  causes  outside  the  heart.  The  possible  relation 
of  even  slight  changes  in  the  myocardium  to  the  conducting  fibers,  how- 
ever, must  be  worked  out  by  extensive  and  painstaking  examinations  on 
the  lines  laid  down  by  Aschoff . — ^Ed.] 

The  extent  to  which  the  individual  parts  of  the  organ  are  involved  in 
the  morbid  process  varies  a  good  deal  in  different  cases;  one  part  may 
apparently  be  so  much  more  affected  than  the  others  as  to  ^ve  the  physi- 
cian the  impression  that  it  is  the  only  part  affected  by  the  disease. 

Rheumatic  pericarditis  and  endocarditis  are  discussed  at  length  in  other 
sections  of  this  volume.  In  these  processes,  especially  in  endocarditis, 
the  muscle,  as  a  rule,  is  also  diseased.  In  order  to  understand  the  nature 
of  endocarditis  we  must  have  recourse  to  the  old  conception  of  carditis, 
and  as  disease  of  the  muscle  is  imquestionably  the  determining  factor  in 
the  explanation  of  functional  disturbances,  it  would  be  quite  possible  to 
include  these  matters  in  the  present  discussion.  But  custom  forbids. 
To  avoid  misunderstanding,  however,  it  must  be  emphatically  stated  that 
the  distinction  is  purely  artificial  and  based  only  on  intrinsic  reasons; 
endocarditis  and  myocarditis,  more  particularly,  in  the  broadest  sense  of 
the  term,  represent  parts  of  the  same  whole. 

It  is  characteristic  of  both  conditions  that  they  frequently  begin  after 
articular  rheumatism  and  run  their  course  in  one  of  three  ways.  In  very 
rare  cases  the  course  of  the  disease  is  very  severe  and  ends  in  death;  or 
complete  recovery  may  take  place;  but  tlus  is  not  the  usual  course  either. 
In  the  majority  of  cases  the  acute  inflammation  becomes  chronic  and 
persists  for  years  and  decades.  The  reason  why  the  process  becomes 
permanent  is  not  definitely  known;  it  may  be,  as  Romberg  suggests,  that 
it  is  due  to  the  frequent  relapses  of  the  acute  arthritis.  I  am  inclined  to 
think  there  are,  in  addition,  certain  other  factors;  for  chronic  endomyo- 
carditis  is  observed  even  without  renewed  articular  sjrmptoms,  and  such 
cases  must  be  explained  in  the  same  way  as  chronic  inflammation  in 
general. 

These  chronic  processes,  which  rarely  attack  the  muscle  alone,  more 
frequently  involve  the  endocardium  as  well,  and  are,  therefore,  as  has  been 
mentioned,  treated  chiefly  in  connection  with  valvular  lesions  of  the  heart; 
as  a  rule,  they  lead  ultimately  to  fatal  cardiac  insufficiency.  In  many  cases 
severe  s3nniptoms  of  asystole  may  have  been  present  at  different  periods 
of  the  patient's  previous  life,  and  the  disease  frequently  lasts  many  years. 
These  temporary  disturbances  of  the  circulation,  as  well  as  the  terminal 
attack,  are  brought  on  partly  by  the  interference  with  the  circulation 
caused  by  the  valvular  defect  and  partly  by  the  impairment  of  the  function 
of  the  muscle.  And  it  will  depend  chiefly  on  the  nature  of  the  injury  to 
the  muscle  whether  the  condition  can  be  influenced  by  treatment  or  is 
irremediable. 

Myocarditis  accompan3ring  articular  rheumatism,  at  all  ev^its,  begins 
frequently  as  an  acute  disease.    During  the  course  of  a  polyarthritis, 
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symptoms  of  a  disturbed  heart  action  make  their  appearance,  and  the 
extent  and  intensity  of  the  articular  rheumatism  do  not  have  any  direct 
influence  on  their  production.  The  heart  may  become  diseased  in  the 
mildest  cases,  as  is  frequently  observed  among  children,"*^  and  in  such  cases 
an  observant  examiner  not  infrequently  fails  to  discover  the  origin  of  the 
circulatory  disturbances,  especially  in  those  rheiunatic  conditions  in 
which  there  are  no  joint  symptoms  whatever.f 

The  patient  may  complain  of  a  sense  of  pressure,  dyspnea,  oppression, 
and  painful  sensations  in  the  precordia;  but  not  infrequently  such  phe- 
nomena are  altogether  absent,  and  only  a  conscientious  objective  examina- 
tion reveals  the  cardiac  affection.  Dilatation  of  the  cavities  of  the  heart, 
disturbances  of  the  rhythm,  and  insufiiciency  of  the  mitral  valve  are  the 
first  signs;  any  one  of  these  signs  may  be  present  by  itself  or  they  may  be 
combined.  Slight  deviations  from  the  normal  are  more  frequent  than 
marked,  not  to  say  severe,  symptoms;  in  fact,  myocarditis  in  this  infec- 
tion, more  than  in  any  other,  generally  develops  gradually  and  runs  a 
slow  course. 

The  diagnosis  is  difficult  in  a  good  many  respects,  particularly  at  the 
very  b^inning.  It  is  regarded  as  particularly  difficult  because  it  is  said 
that  in  polyairthritis  disturbances  of  the  myocardium  occur  that  have 
nothing  to  do  with  structural  disease,  especially  inflammation  of  the  muscle, 
being  merely  "functional"  in  character;  that  is  to  say,  attrilDUtable  to 
poisons  or  some  other  unknown  cause.  These  conditions,  it  is  asserted, 
may  give  rise  to  alterations  of  the  heart  action,  systolic  murmur,  or  even 
dilatation  of  the  ventricles.  If  that  were  true,  the  diagnosis  of  myocarditis 
would,  indeed,  be  not  only  difficult,  but  altogether  impossible,  at  least  at 
the  beginning  of  the  trouble.  Nor  can  it  be  denied,  if  it  be  permitted  to 
draw  analogous  conclusions  from  other  infectious  diseases,  that  there  is  no 
reason  why  one  should  not  assume  toxic  conditions  of  the  heart  capable 
of  producing  functional  anomalies.  Hence  it  is,  no  doubt,  extremely 
difficult  at  fii^t  to  make  the  distinction.  But  since,  as  we  saw  in  diphtheria, 
the  intoxications  are  intimately  concerned  with  the  development  of 
myocarditis,  Ido  not  believe  that  theirsphereshould  be  too  much  restricted. 
At  most  the  question  might  be  asked  whether  it  is  possible  for  toxic 
conditions  of  the  heart  muscle  to  occur  in  polyarthritis  rheumatica  and 
run  their  course  without  causing  any  signs  of  reaction  in  the  musculature. 

In  the  second  place,  it  is  quite  difficult  to  determine  whether,  in  a 
given  case,  endocarditis  or  myocarditis  is  chiefly  responsible  for  the  clinical 
phenomena.  I  do  not  think  the  question  ought  to  be  put  whether  endo- 
carditis or  myocarditis  is  present;  for  both  conditions  are  usually  associated 
in  the  form  of  a  true  carditis.  In  forming  an  opinion  of  the  development 
of  a  valvular  lesion  it  is  important  to  determine  to  what  extent  the  valves 
are  implicated  in  the  process.  Disease  of  the  aortic  valves  is  not  likely 
to  present  any  difficulties,  because  aortic  insufficiency  without  changes  in 
the  semilunar  valves  is  extremely  rare.  Again,  a  diastolic  murmur  at  the 
apex  renders  the  diagnosis  of  mitral  stenosis  practically  certain;  but,  as  a 
matter  of  fact,  mitral  stenosis  is  only  exceptionally  found  at  the  banning 
of  myocarditis.  The  chief  difficulty  is  encountered  with  endocarditic 
mitral  insufficiency.  All  that  can  be  said  on  this  subject  for  the  present  is 
that  endocarditis  may  be  present  without,  and  myocarditis  with,  a  systolic 
murmur  in  the  second  left  intercostal  space  or  at  the  apex.    Of  course,  one 

*  Hirschsprung,  "  Jahrbuch  far  Kinderheilkunde/'  n.  s.,  vol.  xvi,  p.  324. 
t  Bruce,  "British  Med.  Journal,"  1890,  vol.  i,  p.  937. 
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will  always  be  inclined,  in  the  absence  of  murmurs,  to  attribute  disturb- 
ances of  the  heart  action  and  dilatation  of  the  heart  to  myocarditis;  and 
if  there  is  a  murmur,  its  significance  will  be  determined  chiefly  by  its 
constancy  or  variability.  In  any  case,  however,  great  caution  is  to  be 
advised. 

The  course  of  rheumatic  myocarditis  is  relatively  little  known.  It 
very  rarely  leads  to  fatal  cardiac  insufficiency.""  How  often  inflammation 
of  the  myocardium,  chiefly  confined  to  the  muscle,  becomes  chronic,  we 
are  as  yet  unable  to  determine.  As  a  rule,  at  least,  myocarditis  is  com- 
bined with  endocarditis,  and  in  that  case  the  muscular  disease,  in  my 
opinion  at  least,  has  a  very  great  influence  on  the  course  of  the  valvular 
lesions. 
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TYPHOID  FEVER;   TYPHUS  FEVER;    SCARLET  FEVER;   WKAST.FS> 

The  changes  in  the  circulatory  organs  that  occur  in  typhoid  fever  and 
tjrphus  fever  have  been  known  longer  than  any  others  ;t  they  furnished 
the  material  for  the  first  observations,  and  on  them  the  first  general  views 
were  based.  The  reason  that  we  now  know  more  about  diphtheritic 
myocarditis  than  about  the  typhoid  form  is  partly  because  cardiac  symp- 
toms are  more  frequent  in  diphtheria  and  partly  because  of  the  possi- 
bility of  attacking  the  question  by  means  of  animal  experiments.  In  the 
older  writings  the  distinction  between  typhoid  and  typhus  fever  is  not 
sufficiently  clear.  In  typhus  fever  we  have  no  extensive  clinical  and 
anatomic  observations  from  the  modem  point  of  view.  In  the  case  of 
typhoid  fever  and  scarlet  fever  more  abundant  anatomic  investigations 
of  the  circulatory  disturbances  occurring  in  the  various  stages  of  the  disease 
would  be,  to  say  the  least,  desirable.  In  measles  no  anatomic  observa- 
tions whatever  have  been  made,  so  far  as  I  know. 

Circulatory  weakness  may  occur  in  these  infections  at  the  height  of  the 
disease.  It  is  more  apt  to  occur  and  occurs  more  frequently  in  some  of 
these  infections  than  in  others,  being  unquestionably  most  rare  in  measles 
and  probably  most  frequent  in  typhoid  fever.  In  the  latter  disease, 
especially,  as  it  chiefly  attacks  adults,  the  effect  on  the  circulation  varies 
a  great  deal,  depending  on  the  individuaFs  constitution,  on  previous  ex- 
posure of  the  heart  to  injurious  influences,  and,  in  fact,  on  the  structural 
and  functional  conditions  of  the  heart  and  oblongata  in  general. 

These  questions  cannot  be  discussed  in  this  connection — practically, 
the  same  conditions  are  encountered  in  all  infectious  diseases. 

During  the  febrile  period  of  these  diseases,  when  the  function  of  the 
various  portions  of  the  brain  suffers  in  so  many  different  ways,  central 
vascular  palsies  manifestly  play  the  most  important  r61e.    The  whole 

*  Compare  the  cases  of  Romberg  and  Weill  and  Barjon. 
t  See  historic  review  by  Romberg. 
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appearance  of  typhoid-fever  patients  who  develop  "heart  weakness" 
at  the  height  of  the  disease  clearly  indicates  paralysis  of  the  splanchnic 
nerves.  This,  taken  in  connection  with  the  facts  experimentally  de- 
monstrated by  Romberg  and  his  collaborators,  in  my  opinion  shows  very 
positively  that  the  circulation  has  been  damaged  by  vasomotor  paralysis. 
But,  as  was  explained  in  connection  with  diphtheria,  it  cannot  be  said  that 
the  heart  has  no  share  in  producing  the  circulatory  disturbance.  For  no 
one  who  will  carefully  observe  the  heart  during  the  febrile  period  of  any 
of  these  infectious  diseases  will  fail  to  find  phenomena  which  can  only 
be  explained  on  the  ground  of  functional  anomaly.  These  phenomena  are 
irregularity  and  inequality  of  the  heart  action;  dilatation  of  the  left, 
more  rarely  of  the  right,  ventricle;  displacement  of  the  apex-beat  to  the 
left;  weakening,  and  occasionally  accentuation  of  the  apex-beat;  systolic 
murmurs,  sometimes  accompanied  by  accentuation  of  the  second  pulmonic 
sound;  weakening  of  the  second  sounds;  and  accentuation  of  the  second 
pxilmonic  sound  without  mitral  insufficiency  (probably  due  to  weakness 
of  the  left  ventricle,  while  the  right  ventricle  does  better  work  than  usual). 
Besides,  there  are  a  few  isolated  anatomic  reports  about  the  changes  of 
the  heart  muscle  during  this  period  of  the  disease.  It  is  true  they  are 
still  much  too  scanty  to  afford  an  adequate  explanation,  and  further 
investigation  would  be  very  welcome. 

Another  diflSculty  arises  from  the  impossibility,  in  these  conditions, 
of  denying  the  occurrence  of  functional  disturbances  due  to  toxic  effects 
on  the  heart  muscle.  It  is  almost  needless  to  say  that  one  is  not  justified 
in  assuming  a  functional  disturbance  due  to  intoxication  until  the  heart 
has  been  properly  examined  for  the  purpose  of  excluding  structural  changes. 
It  is  true  that  structural  changes  sJso  would  be  produced  by  poisons,  and 
in  that  sense  there  is  no  contradiction,  nor  even  a  fundamental  difference, 
between  intoxication  and  myocarditis.  But,  fortunately,  we  still  have 
sufficient  anatomic  training  to  desire  a  morphologic  basis  on  which  to 
base  our  etiologic  craving. 

In  my  opinion  there  is  nothing  gained  by  mentioning  all  these  things 
specifically  in  connection  with  each  individual  infection,  since  all  we  want 
here  is  a  general  idea  of  the  extent  to  which  the  heart  is  involved  in  these 
morbid  conditions.  It  has  already  been  mentioned  that  some  of  the  causal 
micro-organisms  and  the  substances  which  they  produce  affect  the  cir- 
culatory organs  more  easily  than  others.  But  these  are  things  that  can 
only  be  discussed  in  connection  with  a  full  description  of  infectious  diseases. 

In  typhoid  fever  structural  changes  in  the  musculature  of  the  heart 
are  known  to  begin  at  the  end  of  the  second  week.  This  does  not  imply 
that  such  changes  may  not  be  found  earlier  under  certain  circumstances. 
But  after  the  second  week  the  physician  must  always  be  prepared  for  more 
or  less  profound  changes  in  the  circulation,  and  especially  in  the  heart 
action. 

In  the  same  way  as  after  diphtheria,  but  much  more  rarely  than  in  the 
latter  disease,  the  febrile  period  in  the  infections  now  under  consideration 
is  followed  by  the  appearance  of  symptoms  which  must  be  regarded  as  the 
expression  of  an  infectious  myocarditis,  exactly  as  in  diphtheria.  This 
interpretation  is  partly  based  on  direct  observation  and  partly  on  analogy. 

In  typhoid  fever  we  owe  our  knowledge  of  these  matters  to  Romberg.* 
One  or  several  weeks  after  defervescence  the  pulse  becomes  accelerated, 
not  only  as  the  result  of  muscular  movement  or  excitement,  but  also  during 
♦Romberg,  "Archiv  fiir  klinische  Medicin,"  vol.  xlix,  p.  434. 
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rest.  Later  it  also  becomes  irregular  and  unequal,  and  the  patients  at  the 
same  time  have  a  sense  of  palpitation.  This  is  followed  by  dilatation, 
sometimes  by  functional  mitral  insufficiency,  as  in  the  other  forms  of 
myocarditis.  As  a  rule,  recovery  takes  place  after  a  few  weeks;  but  as 
in  diphtheria,  sudden  death  occasionally  occurs  either  quite  spontaneously 
or  after  bodily  exertion. 

I  have  often  seen  this  form  of  myocarditis.  The  great  increase  in 
the  frequency  of  the  pulse,  which  in  one  of  my  cases  was  accompanied  by 
a  marked  rise  of  the  blood-pressure,  and  the  variability  of  the  auscultatory 
phenomena,  seem  to  me  exceedingly  characteristic.  Sometimes  the 
findings  varied  from  time  to  time.  At  one  time  a  loud  systolic  murmur 
with  considerable  accentuation  of  the  second  pulmonic  sound  was  heard; 
at  another  time  only  the  accentuation  of  the  second  pulmonic  was  present; 
or  the  sounds  were  perfectly  pure  and  uniform.  The  dilatation  also, 
especially  toward  the  right,  is  subject  to  great  fluctuation.  Some  patients 
are  quite  unaware  of  these  disturbances;  others  complain  of  palpitation 
and  anxiety  and  a  certain  degree  of  pressure  on  the  chest.  Temperature 
and  urine  present  nothing  unusual.  After  several  weeks  the  S3rmptoms 
all  disappear.  I  was  unable  to  learn  anything  about  the  subsequent  con- 
dition of  the  heart. 

Scarlet  fever  often  begins  with  the  most  violent  B3rmptoms.  As  we 
know,  the  progress  of  events  is  very  rapid  in  such  cases.  Thus  Romberg 
observed  dilatation  of  the  heart  during  the  very  first  days  of  the  illness. 
In  the  second  week  he  saw,*  in  children,  while  the  quantity  of  urine  was 
diminished  and  the  temperature  was  high,  retaidation  or  acceleration, 
irregularity,  and  inequality  of  the  heart  action.  At  the  same  time  the  first 
sound  was  impure,  and  there  was  slight  dilatation  of  the  ventricles. 
Occasionally  there  were  subjective  symptoms,  pain  in  the  precordia,  and 
oppression.  In  one  case  the  syniptoms  gradually  disappeared  in  the 
fourth  week.  Nothing  more  definite  is  known  about  the  duration  of  the 
disease.  Sonmiert  saw  a  case  of  fatal  recent  myocarditis,  with  marked 
dilatation  of  the  heart,  following  an  attack  of  scarlet  fever.  Purulent 
myocarditis  has  also  been  observed,  t  I  myself  once  saw,  seven  weeks  after 
the  end  of  a  slight  attack  of  scarlet  fever,  an  increase  in  the  frequency 
of  the  pulse,  which  continued  for  several  weeks,  in  the  neighborhood  of 
120.  The  heart  was  enlarged;  at  the  apex  a  systolic  murmiu*  was  heard, 
and  the  second  pulmonic  sound  was  accentuated.  Four  weeks  later  the 
sounds  had  become  pure  again,  but  the  increase  in  the  pulse-rate  persisted. 
The  kidneys  at  no  time  presented  anything  abnormal. 

At  the  height  of  the  disease  in  measles  circulatory  disturbances  occur, 
but  probably  only  in  connection  with  severe  capillary  bronchitis  and 
bronchopneumonia,  and  even  then  the  complication  is  not  frequent. 

After  the  febrile  period,  also,  disease  of  the  heart  appears  to  be  very 
rare.  At  least,  as  good  an  observer  as  Jurgensen§  remarks:  ''there  b  no 
such  thing  as  injury  to  the  heart  due  directly  to  the  poison  of  measles." 
Nevertheless,  the  heart  does  occasionally  suffer,  although  this  statement 
is  based  chiefly  on  clinical  observation.  Wunderlich||  long  ago  mentioned 
merles  as  the  cause  of  chronic  heart  disease.    Working  under  Gerhardt, 

*  Romberg,  "Archiv  ftlr  klinische  Medicin/'  vol.  xlix,  p.  43. 
tSommer,  "Charit^-Annalen/'  13.  Jahrgang,  1888,  p.  647  (Henoch), 
i  Goodhart,  "British  Medical  Journal/'  1870,  p.  818. 
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I  Wiinderlich,  "Archiv  fUr  physiologische  Heilkunde,"  vol.  i,  1849,  p 
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Breyer*  in  Wiirzburg  observed  heart  s3anptoms  accompanied  by  a  slight 
elevation  of  temperature  in  a  number  of  patients  during  convalescence 
from  measles.  The  heart  action  was  slow  and  irregular;  there  was  dilata- 
tion and  a  systolic  murmur,  with  accentuation  of  the  second  pulmonic 
sound. 

According  to  the  views  of  his  time,  Breyer  regarded  this  phenomenon 
as  due  to  endocarditis,  and  as  we  lack  sufficient  anatomic  material,  noth- 
ing positive  can  even  now  be  urged  against  his  assertion.  But,  reasoning 
by  analogy,  from  the  observations  made  in  t3rphoid  fever,  diphtheria, 
and  scarlet  fever,  it  seems  to  me  much  more  probable  that  the  functional 
disturbances  were  due  chiefly  to  disease  of  the  muscle.  In  one  case 
Breyer  saw  a  pericardial  exudate. 

I  myself  have  seen  three  large  epidemics  of  measles,  two  in  Jena  and  one 
in  Marburg,  and  in  two  of  the  Jena  cases  I  observed  exactly  the  same 
phenomena  as  those  described  above;  although  in  both  cases  I  am  certain 
that  the  circulatory  apparatus  had  previously  been  entirely  normal, 
especially  during  the  febrile  period.  There  were  no  subjective  symptoms 
whatever  in  my  cases.  Within  a  few  days  mitral  insufficiency,  with 
dilatation  and  acceleration,  irregularity,  and  inequality  of  the  heart  action 
developed.  The  symptoms  disappeared  completely  in  the  course  of  two 
or  three  months. 

I  wish  to  mention  specially  that  neither  in  the  Marburg  nor  in  the  Jena 
cases  was  there  any  complicating  diphtheria  to  which  the  cardiac  symp- 
toms might  have  been  attributed. 
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FIBRINOUS  PNEUMONIA. 

The  acute  infiltration  of  large  portions  of  the  lungs  under  all  circum- 
stances throws  an  increased  demand  on  the  right  heart,  and  not  infre- 
quently accentuation  of  the  second  pulmonic  sound  occurs  to  show  that  the 
demand  is  being  met.  But  sometimes  the  heart  is  unable  to  respond, 
and  its  failure  to  do  so  in  these  cases  manifests  itself  clearly  by  a  dilatation 
of  the  right  ventricle.  It  is  well  known  that  the  condition  of  the  heart 
and  vascular  apparatus  exerts  a  very  great  influence  on  the  course  of 
pneumonia.  Whether  the  injury  to  the  heart  is  more  important  than  the 
injury  to  the  blood-vessels,  how  much  significance  is  to  be  attached  to  the 
increase  in  the  resistance  due  to  the  infiltrative  process,  and  what  is  the 
effect  of  the  pneumonic  poison  on  the  heart  and  the  central  terminations 

*  Breyer,  "Mittheilungen  Uber  die  Masemepidemie  der  Stadt  Wtlrzburg,'' 
Dissertation,  WOrzburg,  1883. 
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of  the  vasomotor  nerves,  are  questions  that  cannot  as  yet  be  definitely 
settled.  One  gets  the  impression,  however,  that  the  resistance  due  to  the 
infiltration  in  the  lungs  which  must  be  overcome,  is  in  proportion  to  the 
severity  of  the  infection,  the  quantity  and  virulence  of  the  circulating 
poison,  and  to  the  powers  of  resistance  and  functional  capacity  of  the 
heart  itself.  Hence  three  factors  influence  the  conditions  of  the  circulation 
in  pneumonia  patients,  and  the  course  of  the  disease  ultimately  depends 
on  the  combination  of  these  three  factors. 

The  effect  of  pulmonary  infiltration  on  the  action  of  the  heart  need  not 
be  investigated  in  this  section,  as  the  essential  points  are  given  in  the 
chapter  on  Modifications  of  the  Heart  Action  in  Diseases  of  the  Lungs. 

Nor  have  we  anjrthing  to  do  with  the  question  whether  the  condition  of 
the  heart  in  the  beginning  is  more  or  less  adapted  to  meet  the  demands 
thrown  upon  it  by  an  attack  of  pneumonia;  for  that  question  must  be 
decided  chiefly  by  the  results  of  clinical  experience  with  pulmonary  in- 
fections, which  can,  of  course,  only  be  done  in  the  treatise  on  pneumonia 
(see  vol.  on  Diseases  of  the  Bronchi,  Pleura,  and  Lungs). 

The  only  questions  we  have  to  deal  with  here  are:  What  effect  is  pro- 
duced on  the  heart  and  vessels  by  the  infection,  and  what  morbid  changes, 
if  any,  are  produced  in  the  heart?  At  the  height  of  the  disease,  if  there  is 
any  circulatory  disturbance  at  all,  the  pulse  is  accelerated,  small,  soft, 
and  occasionally  irregular;  dilatation  of  the  heart  is  not  infrequ^itly 
present,  the  first  sound  is  impure,  and  a  systolic  murmur  may  even  be 
heard.  In  addition  there  may  be  venous  congestion,  and  death  often 
occurs  within  twelve  to  thirty-six  hoius  with  the  picture  of  profound 
collapse.  To  what  extent  these  disturbances  are  caused  by  toxic  or  in- 
flammatory conditions  of  the  heart  and  to  what  extent  by  intoxication  of 
the  nervous  S3rstem,  it  is  as  yet  impossible  to  say.  So  far  as  I  know,  no 
accurate  investigations  have  been  made,  and  the  presence  of  pulmonary 
infiltration  as  a  complication  acts  as  a  deterrent  to  a  priori  surmises. 
Lupine*  reports  that  recent  alteration  of  the  myocardiiun  is  rarely  found 
in  pneimionia,  and  Homburgerf  also  failed  to  find  such  a  change  in  a  num- 
ber of  patients  in  Eussmaul's  clinic. 

During  or  immediately  after  the  crisis  the  circulation  is  endangered 
for  the  second  time,  even  in  the  case  of  children,  in  whom  the  conditions 
are  otherwise  favorable  for  the  most  perfect  functional  capacity.  As  the 
temperature  falls,  the  pulse-rate  rises  enormously,  and  the  pulse  becomes 
small  and  weak,  and  the  patients  go  into  collapse.  They  almost  slwhys 
recover,  however,  in  spite  of  the  grave  symptoms.  But  we  still  lack  any 
positive  data  to  explain  these  phenomena.  The  most  obvious  explanation 
is  that  marked  changes  take  place  in  the  condition  of  the  vessels,  such  as 
unquestionably  accompany  such  a  tremendous  revolution  in  the  organism. 

During  convalescence  circulatory  disturbances  are  encountered  for  the 
third  time.  This  I  have  had  occasion  to  obsen'^e  in  Jena  in  children  of 
different  ages.  After  the  fever  and  the  crisis  had  run  their  course  without 
producing  any  anomaly  in  the  circulation ;  after  the  child  had  fully  entered 
upon  convalescence  and  the  condition  in  the  lungs  had  subsided  entirely 
or  showed  only  slight  remains  of  the  process,  a  relapse  occurred  with 
general  malaise.    The  temperature  either  remained  normal  or  showed  a 

*  Lupine y  "Die  acute  lob&re  Pneumonie/'  translated  from  "Nouveau  die- 
tionnaire  de  m^decine/'  Vienna,  1883,  p.  133. 

tHomburger,  "Untersuchungeu  tlber  croupdse  Pneumome,"  Dissertation, 
Strassburg,  1879. 
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moderate  rise  to  38®  C.  (100.4°  F).  There  was  nothing  to  call  attention 
to  disease  of  the  heart  except  the  objective  examination,  which  revealed 
a  slight  enlargement  in  both  directions,  an  impure  first  sound  at  the  apex, 
irregularity,  inequality,  and  slight  acceleration  of  the  heart  action, 
moderate  swelling  of  the  liver,  and  sometimes  small  quantities  of  albumin 
in  the  urine.  The  child  would  be  kept  in  bed  on  indifferent  treatment,  and 
in  one  or  two  weeks  all  the  s3anptoms  disappeared.  I  never  saw  any 
dangers  occur,  nor  was  the  attack  followed  by  sequels. 

No  anatomic  investigations  were  made,  and  the  number  of  clinical 
observations  is  very  small.  But  if  we  compare  the  symptoms  with  those 
observed  after  other  infectious  diseases,  the  supposition  that  they  are  due 
to  myocarditis  seems  to  be  justifiable;  at  least,  I  can  think  of  no  other 
way  out  of  the  difficulty. 


ACUTE  MYOCARDITIS  DURING  AND  AFTER  OTHER  INFECTIOUS 
DISEASES.    PRDOARY  ACUTE  MYOCARDITIS. 

An  attempt  was  made  in  the  foregoing  to  give  a  description  of  the 
83rmptoms  which  occur  when  the  heart  is  specially  involved  in  known 
infectious  processes.  The  result  of  this  description  is  that,  just  as  the 
kidneys  suffer  both  in  structure  and  in  function  in  many  general  infections, 
just  as  they  may  be  involved  in  any  of  these  infections  although,  as  a 
matter  of  fact,  they  are  not  attacked  in  every  instance,  so  the  heart  is 
always  exposed  to  danger  whenever  micro-organisms  or  their  products 
enter  the  circulation.  Whether  disease  of  the  heart  actually  develops 
or  not  will  depend  on  a  variety  of  factors,  which  we  as  yet  understand 
but  very  imperfectly.  There  is  no  doubt  that  very  much  depends  on 
the  nature  of  the  disease-poison,  which  again  shows  the  similarity  to 
the  behavior  of  the  kidneys.  Unfortunately,  we  know  very  little  about 
the  nature  of  the  bacterial  poisons,  and  for  the  present  it  looks  as  if  it 
would  be  some  time  before  we  know  anything  about  the  conmion  prop- 
erties of  those  poisons  which  chiefly  attack  the  heart.  Nevertheless, 
there  are  a  few  data  which  justify  the  assumption  that  there  are  certain 
properties  conmion  to  many  different  bacterial  poisons,  which  in  turn 
explains  how  it  is  that  an  affection  of  the  heart  may  develop  in  practically 
every  one  of  the  infectious  diseases. 

On  the  other  hand,  it  is  possible  that  there  may  be  properties  inherent 
in  the  heart  itself  which  either  predispose  it  to,  or  protect  it  against, 
participation  in  the  morbid  processes.  This  point  has  already  been 
mentioned.  The  natural  disposition,  as  well  as  the  constitution  of  the 
organ,  no  doubt  has  something  to  do  with  the  question.  Unfortunately, 
I  have  no  facts  to  report. 

I  repeat,  then,  that  in  the  infectious  diseases  so  far  enumerated  the 
heart  is  comparatively  often  involved.  It  may  also  be  attacked  in  any 
of  the  other  infectious  diseases,  and  the  physician  must  always  be  pre- 
pared for  it.  Thus  in  the  Leipzig  clinic  I  once  saw  a  typical  myocarditis 
develop  inmiediately  after  an  attack  of  non-diphtheritic  gangrenous 
tonsillitis.  All  the  well-known  signs  (dilatation,  arhythmia)  were 
present.    The  disease  ran  a  short  course  and  ended  favorably. 

In  a  nimiber  of  other  infectious  diseases  isolated  facts  are  known 
in  regard  to  the  occurrence  of  cardiac  disturbances,  for  example,  in 
variola,  malaria,  and  gonorrhea.  My  reason  for  not  discussing  these 
diseases  at  greater  length  is  that  I  cannot  venture  to  give  a  positive 
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opinion  about  the  behavior  of  the  heart  muscle  in  these  conditions.  That 
endocarditis  occurs  in  gonorrhea  has  been  definitely  established,  and  it 
seems  probable  that  it  occurs  also  in  malaria  and  smallpox.  But  whether 
the  clinical  S3niiptoms  are  due  to  the  endocarditis  or  to  changes  in  the 
heart  muscle  it  is,  in  my  opinion,  impossible  to  say,  and  the  symptoma- 
tology of  most  of  these  diseases  is  even  more  unsatisfactory.  The  gonor- 
rheal symptoms  have  been  considered  in  connection  with  endocarditis,, 
and  as  regards  the  other  diseases,  we  shall  have  to  wait  for  additional 
reports  from  observers  familiar  with  the  present  views. 

From  these  forms  it  is  but  a  step  to  those  cases  in  which  myocarditis^ 
so  far  as  our  present  knowledge  goes,  is  primary  or  idiopathic,  or  what- 
ever other  term  one  may  wish  to  employ.  We  may  be  quite  sure,  rea- 
soning by  analogy,  that  these  cases  also  are  due  to  an  infection  of  some 
kind;  but  how  the  patient  acquires  the  infection  is  not  known.  The 
heart  in  these  cases  is  the  oi^an  that  is  preeminently  or  even  solely  affected, 
and  hence  the  myocarditis,  the  exact  pathology  of  which  is  probably 
in  every  respect  similar  to  the  forms  of  acute  infectious  inflammation 
which  have  been  carefully  studied,  must  be  designated  as  a  primary 
myocarditis  of  unknown  origin.  This  assiunption  is,  at  least,  based 
on  a  foundation  of  well-know*n  analogous  cases;  as  regards  the  infection, 
I  shall  merely  refer  to  the  cryptogenetic  diseases  due  to  the  streptococcus, 
and,  as  regards  the  organic  lesion,  to  acute  nephritis.  Many  of  the  cases 
which  are  still  included  in  this  group  possibly  belong  to  septicemia,  for 
example,  those  described  by  Romberg  ("Lehrbuch,"  p.  960),  and  others 
possibly  owe  their  origin  to  a  rheumatic  infection. 

In  the  midst  of  perfect  health  people  suddenly  fall  ill  with  the  symp- 
toms of  an  acute  infection.  In  one  of  my  cases  the  attack  was  preceded 
by  a  complete  drenching  of  the  body;  in  two  others,  by  an  outbreak  of 
violent  temper.  The  latter  observation  is  perhaps  not  without  signifi- 
cance in  view  of  the  time-honored  popular  belief  that  mental  excitement 
plays  a  large  part  in  the  production  of  heart  disease. 

Sometimes  the  cardiac  disturbance  is  apparently  at  first  entirely 
overshadowed  by  the  symptoms  of  the  general  infection,  although  to 
the  eye  of  an  expert  it  is,  nevertheless,  quite  plain.  The  patient  com- 
plains of  oppression,  anxiety,  and  a  certain  painful  sensation  in  the 
chest.  The  left  arm  may  be  the  seat  of  drawing  pains;  it  may  feel 
heavy  and  cramped,  and  as  if  it  had  gone  to  sleep.  This  gives  rise  to  a 
certain  similarity  to  the  symptoms  of  angina  pectoris.  The  frequency 
with  which  anginoid  symptoms  develop  in  a  great  variety  of  conditions 
has  already,  been  explained  and  probably  furnishes  an  explanation  of  the 
statement  that  true  angina  pectoris  also  occurs  in  association  with 
infectious  myocarditis.  The  heart  action  is,  as  a  rule,  disturbed,  almost 
always  irregular  and  unequal;  sometimes  it  is  accelerated,  but  quite 
frequently  retarded  to  52, 50,  or  48.  The  pulse  is  always  soft  and  usually 
small  as  well.  Enlargement  of  the  heart  and  modification  of  the  heart- 
sounds  may  be  present  or  not,  or  may  develop  at  any  time.  The  condi- 
tion of  the  lungs,  liver,  kidneys,  and  subcutaneous  tissues  depends  on 
the  strength  of  the  heart,  particularly  that  of  its  individual  portions. 
In  this  respect  the  cases  manifest  wide  differences;  as  a  matter  of  fact, 
the  conditions  in  general  are  the  same  as  have  been  discussed  in  the 
foregoing  paragraphs. 

Romberg  had  two  cases  which  ended  fatally  after  an  illness  of  several 
weeks,  and  in  which  the  autopsy  showed  a  diffuse  interstitial  myocarditis. 
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The  patients  whom  I  personally  observed  were  also  ill  for  several  weeks. 
At  times  there  was  high  fever,  with  marked  nervous  phenomena,  such 
as  headache,  restlessness,  hallucinations,  and  deliriiun.  At  other  times 
there  was  great  prostration,  and,  toward  the  end  of  the  illness  especially, 
lassitude  became  extreme.  The  intensity  and  prominence  of  cerebral 
symptoms  may  give  rise  to  great  diagnostic  difficulties,  and  as  the  pulse 
also  is  frequently  slowed,  one  is  very  apt  to  assume  the  existence  of  some 
grave  process  in  the  brain,  such  as  meningitis  or  abscess. 

The  fever  was  irregular  in  my  cases,  although  it  often  persisted  for 
days  between  39°  and  40°  C.  (102.2°-104°  F.).  The  symptoms  referable 
to  the  heart  and  other  organs  have  already  been  mentioned.  In  my 
cases  also  there  was  a  marked  reduction  of  the  strength  of  the  heart  for 
several  days,  and  it  is  both  practically  important  and  theoretically 
interesting  to  know  that  this  reduction  in  the  strength  of  the  heart  is 
accompanied  by  slowing  of  the  rhythm.  As  a  matter  of  fact,  Romberg's 
observations  show  that  the  patient's  life  is  always  in  danger. 

During  convalescence,  after  the  temperature  has  fallen  and  the  heart 
has  regained  its  normal  dimensions,  the  action  for  some  time  continues 
labile  and  is  easily  influenced.  The  same  therapeutic  precautionary 
measures  are  necessary  as  in  other  forms  of  acute  myocarditis.  Ulti- 
mately, however,  complete  recovery  may  take  place.  I  have  even 
known  patients  who  completely  recovered  their  original  strength  and 
efficiency.  But  in  others  a  certain  permanent  weakness  of  the  organ 
remained.  During  rest  the  heart  responds  perfectly  to  all  demands 
made  upon  it;  but  as  soon  as  these  demands  are  increased,  either  by 
psychic  or  physical  influences  of  any  kind,  the  patient  experiences  dis- 
comfort, although  there  is  no  actual  cardiac  failure. 

The  literature  contains  reports  of  a  series  of  cases  which,  if  they  do 
not  belong  to  this  category,  at  least  bear  a  close  resemblance  to  the 
cases  here  described;  but  as  in  all  these  cases  we  know  nothing  about 
the  cause,  or  rather,  one  may  say,  the  identity  of  the  causal  micro- 
organism, it  is  very  difficult  to  say  positively  whether  these  older  cases 
in  the  literature  belong  in  the  same  category  or  not. 

In  many  respects  there  are  points  of  contact  with  well-known  con- 
ditions, such,  for  example,  as  the  cardiac  affections  in  polyarthritis. 
As  has  been  mentioned,  the  irregular  s3niiptoms  in  these  conditions  are 
not  necessarily  pronounced,  and  in  many  instances  one  may  remain  in 
doubt  whether  one  has  to  deal  with  genuine  rheumatism  or  merely  with 
pains  in  the  limbs,  such  as  occur  in  so  many  infectious  diseases.  Espe- 
cially when  the  muscles  alone  are  painful,  this  distinction  may  be  very 
difficult  to  make. 

There  is  also  some  similarity  to  the  affections  of  the  heart  muscle 
which  occur  in  the  course  of  infections  with  pus  micro-organisms.  The 
invasion  of  the  organism  by  streptococci  or  staphylococci  may  be  local, 
or  may  take  place  from  the  local  focus  in  the  course  of  a  general  intoxica- 
tion, or  may  be  accompanied  by  a  diffusion  of  the  bacteria  into  the 
blood.  The  clinical  picture  of  the  disease  varies  accordingly,  especially 
in  respect  to  its  intensity.  These  conditions  are  still  designated  by 
such  terms  as  pyemia,  septicemia,  erysipelas,  phlegmon,  etc.;  but  it 
would  be  much  better  either  to  substitute  for  these  terms  definite  eti- 
ologic  concepts  or  to  add  the  latter  to  the  old  names.  The  heart  is  quite 
generally  involved  in  these  conditions,  but  the  details  of  the  process 
await  further  investigation.    Possibly  some  of  the  cases  are  due  to  in- 
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toxication,  but  there  is  no  doubt  that  acute  insufficiency  and  especially 
diffuse  purulent  myocarditis  also  occur.  The  latter  is  the  form  of  inflam- 
mation of  the  heart  muscle  that  has  always  been  most  widely  recognized. 
Many  of  the  older  descriptions  of  ^'inflammation  of  the  heart  "refer  to 
"purulent"  myocarditis.  It  is  frequently  associated  with  diseases  of 
the  valves,  that  is  to  say,  with  endocarditis. 

In  severe  cases  of  general  streptococcus  or  staphylococcus  infection 
the  cardiac  s3nmptoms  are  completely  merged  in  the  general  clinical 
picture;  dilatation,  murmurs,  and  especially  great  acceleration  and 
weakening  of  the  heart-beat  are  found.  It  is  difficult  to  distinguish 
between  a  condition  due  to  poisoning  of  the  heart  and  interstitial  and 
purulent  inflammation  of  the  muscle  with  or  without  involvement  of 
the  endocardium.  Perhaps  it  will  never  be  possible  to  do  this;  at  all 
events,  it  is  impossible  now  and  will  be  until  the  pathologic  process  has 
been  more  minutely  investigated  and  described. 

Here  we  approach  the  transition  to  idiopathic  acute  myocarditis — at 
least,  perhaps.  In  streptococcus  and  staphylococcus  diseases  the  source 
of  the  infection  may  remain  hidden  and  the  process  may  be,  at  least 
chiefly,  if  not  altogether,  confined  to  one  organ.  If  this  organ  is  the  heart, 
it  is  obvious,  even  on  theoretic  grounds,  that  the  invasion  of  such  microbes 
may  easily  produce  the  picture  of  acute  primary  myocarditis.  From 
the  symptomatic  and  anatomic  standpoint  there  is  nothing  to  be  said 
against  this  view;  on  the  contrary,  the  clinical  phenomena  tally  per- 
fectly, and  it  is  only  a  question  how  far  the  theory  is  justified  by  eti- 
ologic  investigations. 

Even  after  streptococcus  and  staphylococcus  infections  at  first  local, 
cardiac  symptoms  are  observed  which  possibly  belong  to  this  same  cate- 
gory. Myocarditis  following  necrotic  angina  has  already  been  mentioned. 
In  erysipelas  H.  Lenhartz*  observed  dilatation  and  systolic  murmurs 
during  the  febrile  period;  Traube  reports  profound  circulatory  disturb- 
ances during  convalescence. 

Romberg  t  observed  dilatation  of  the  heart  and  s3m[iptoms  of  insuf- 
ficiency after  a  great  many  different  forms  of  infection  with  pyogenic 
micro-organisms,  both  in  local  processes  (phlegmon,  abscesses)  and  in 
cases  of  general  infection.  We  do  not  as  yet  know  exactly  to  what 
such  things  are  due.  The  effect  of  the  nutritional  disturbance  and  ex- 
haustion following  a  severe  illness  no  doubt  has  something  to  do  with  it. 
And  it  is  equally  certain  that  the  other  factors  that  have  been  mentioned 
so  often,  functional  disturbance  due  to  intoxication  and  inflammation, 
are  also  significant;   personally  I  consider  them  very  important. 

Here  the  influence  of  inflammatory  disease  of  the  genitalia  ought 
to  be  mentioned.  Processes  which  are  probably  produced  by  the  gono- 
coccus  have  already  been  mentioned.  To  these  I  do  not  here  refer, 
but  rather  to  the  inflammations  in  the  female  abdominal  organs  which 
are  probably  caused  chiefly  by  streptococci  and  staphylococci.  I  have 
occasionally  seen  in  women  affections  of  the  heart  which  were  unques- 
tionably myocarditis,  and  could  have  no  other  origin  than  an  antecedent 
puerperal  infection.  Romberg  reports  similar  observations.  These 
will  have  to  be  mentioned  again  in  connection  with  chronic  myocarditis; 
for  it  appears  to  be  a  fact  that  the  germ  of  a  chronic  ii^ammation  is 

*  H.  Lenhartz,  "Nothnagers  System,"  vol.  iii,  p.  49.  Traube,  "Abhandlungen," 
vol.  iii,  p.  579. 

t  Romberg,  "Herzkrankheiten,"  p.  961. 
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not  infrequently  derived  from  acute  streptococcus  and  staphylococcus 
infections. 

Perhaps  the  causal  connections  are  even  more  far-reaching.  That 
is  the  great  question,  whether  the  infections  of  the  heart  which  have  been 
described  as  occurring  in  the  various  infectious  diseases  must  be  attri- 
buted directly  to  the  action  of  the  original  disease-poison,  or  whether 
they  may  possibly  be  connected  with  secondary  infections.  There  is 
no  doubt  that  the  latter,  even  in  ordinary,  well-known  diseases,  play 
a  more  important  part  than  is  generally  supposed.  Experiments  have 
proved  that  the  diphtheria  poison  by  itself  is  capable  of  producing 
diseases  of  the  heart,  especially  parenchymatous  degenerations.  Whether 
inflammatory  processes  in  the  myocardium  may  also  be  produced  by 
the  diphtheria  poison  has  never,  so  far  as  I  know,  been  made  the  subject 
of  animal  experimentation,  and  nothing  more  accurate  is  known  of 
other  disease-poisons  in  this  respect,  because  we  are  too  little  acquainted 
with  them.  Streptococci  and  staphylococci  unquestionably  possess 
the  power  of  producing  inflammatory  processes  in  the  valves  as  well  as 
in  the  muscle,  and  it  is  also  known  that  they  readily  become  superadded 
to  injuries  caused  by  other  microbes.  In  diphtheria,  for  example, 
mixed  infection  plays  a  very  important  part.  In  the  case  of  other  diseases 
the  question  of  mixed  infection  has  not  been  minutely  studied.  But 
it  is  probable  that  the  process  is  significant  in  typhoid  fever  and  in  small- 
pox also.  It  would  be  possible,  therefore,  to  arrive  at  a  imiform  concep- 
tion of  these  acute  diseases  of  the  heart;  but  I  cannot  venture  to  suggest 
more  than  that  this  possibility  exists. 

In  regard  to  the  purulent  myocarditis  mentioned  in  the  foregoing 
pages,  it  is  to  be  understood  that  the  diffuse  variety  was  meant.  This 
form  oannot  be  distinguished  clinically  from  interstitial,  non-purulent 
inflammation,  and  even  anatomically  the  two  conditions  present 
many  points  of  resemblance.  But  purulent  myocarditis  also  occurs  in 
the  form  of  a  more  or  less  circumscribed  abscess  in  the  muscle.  These 
abscesses  may  be  combined  with  diffuse,  purulent  inflammation  of  the 
rest  of  the  muscle  tissue;  or  they  may  be  isolated,  in  which  case  the  clin- 
ical picture  is  very  confused,  as  has  been  explained  in  connection  with 
focal  diseases  of  the  heart.  In  many  cases,  especially  when  other  metas- 
tases are  present,  the  symptoms  of  general  infection  dominate  the  pic- 
ture; in  other  cases  the  s)rmptoms  produced  by  the  primary  localization 
of  the  disease  occupy  the  foreground.  There  is  weakness  of  the  heart, 
usually  accompanied  by  fever,  and  if  the  abscess  ruptures  (''acute  heart 
ulcer  ")>  a  good  many  different  complications  may  develop,  such  as 
communication  between  the  two  ventricles  or  the  two  auricles;  multiple 
embolism,  or  rupture  of  the  heart  followed  by  fatal  hemorrhage  into  the 
pericardial  cavity. 

Clinical  History  of  a  Case  of  Acute  Primary  Myocarditis, — ^A.  B.,  thirty-nine 
years  old,  physician.  Formerly  nad  typhoid  fever  and  migraine.  On  the  sixth  of 
August,  1897,  in  the  evening,  while  on  his  rounds,  he  was  drenched  and  afterward 
sat  three  hours  in  a  closed  room,  and  although  he  was  not  actually  chilly,  he  felt 
uncomfortable.  During  the  days  preceding  the  disease  the  patient  had  been  very 
greatly  vexed.  On  the  seventh  of  Au^t,  in  the  forenoon,  the  patient  had  a  slight 
chill  and  complained  of  lassitude,  with  dull  headache.  The  headache  increased 
in  severity,  so  that  on  the  tenth  of  August  the  patient  was  hardly  able  to  move 
his  head.  Until  the  eighth  of  August  he  continued  to  attend  to  his  practice.  Then 
he  had  to  stay  at  home  and  his  temperature  was  taken.  Until  the  twelfth  of  August 
it  was  never  less  than  40.1**  C.  (104.1*»  F.),  and  went  as  high  as  41.1*»  C.  (105.9**  F.). 
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On  the  eleventh  of  August  I  saw  the  patient.  His  mind  was  not  perfectly- 
dear,  and  he  was  exceedingly  excited;  complained  of  violent  headache  and  pressure 
on  the  chest.     He  thought  he  had  acute  tuoerculosis. 

Nothing  to  be  found  in  the  nervous  system.  The  lungs,  liver,  and  urine  were 
negative.  The  heart  was  somewhat  enlarged  both  to  the  right  and  to  the  left. 
The  first  sound  at  the  apex  was  not  quite  clear.  The  pulse  was  below  60,  of  moder- 
ate volume,  irregular,  and  unequal. 

Diagnosis:  Acute  infectious  nnrocarditis.  He  was  given  1.5  gm.  (22)  gr.)  of 
sodium  salicylate  a  day.  On  the  fifteenth  of  August  he  was  free  from  fever.  The 
violent  headache  continued  until  the  seventeenth  of  August. 

The  heart  action  continued  slow  for  some  time  and  was  exceedingly  labile. 
The  slightest  movement  caused  great  acceleration. 

August  20th:  Patient  without  fever,  perfectly  clear  in  his  mind,  and  quite  com- 
fortable while  in  bed.  While  he  is  at  rest,  the  action  of  the  heart  is  quiet,  but  not 
quite  regular;  still  veiy  labile. 

He  made  a  slow  recovery.  By  the  beginning  of  September  he  was  able  to  walk, 
and  on  the  thirteenth  of  September  he  performeda  major  operation. 

He  has  never  lost  a  certain  unpleasant  feeling  of  "tension,"  "pressure,"  or 
"dragging"  in  the  precordial  region,  which  occurs  quite  frequently  ana  is  apt  to  be 
brou^t  on  by  psychic  excitement.  During  muscular  exercise  the  heart  is  perfectly 
equal  to  its  work.  I  have  not  had  another  opportunity  to  examine  it,  out  it  is 
said  to  be  perfectly  sound. 
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DISEASES  OF  THE  HEART  OCCURRING  AFTER  INFLUENZA. 

The  disturbances  of  the  heart  which  occur  during  influenza  are  the 
most  obscure,  and;  at  least  for  the  present,  more  difficult  to  understand 
than  any  others,  and  this  is  particularly  troublesome  to  the  physician 
because  they,  unfortunately,  appear  to  be  quite  frequent. 

In  the  years  when  the  great  influenza  epidemics  took  place  there 
was  mudi  discussion  about  the  diseases  of  the  heart  that  occur  in  con- 
nection with  influenza.  If  all  that  has  been  laid  to  the  door  of  this 
infectious  disease  were  to  be  accepted,  it  would  be  impossible  to  speak 
of  a  definite  form  of  heart  disease,  or  even  of  several  different  forms;  for 
every  conceivable  sjmaptom  that  has  ever  been  known  to  occur  in  the  heart 
has  at  one  time  or  another  been  described  as  a  direct  result  of  influenza. 

The  epidemic  of  the  year  1890  found  most  physicians  completely 
unprepared.  Many  knew  the  "grip ''  only  by  name;  but  few  had 
any  conception  of  the  protean  nature  of  its  manifestations.  Besides, 
the  enormous  and  unexpected  distribution  of  the  disease  made  such  a 
profound  impression  on  the  profession  that  it  was  made  to  bear  the  blame 
for  many  things  with  which  it  had  nothing  to  do.  That  alone  makes 
it  very  difficult  to  judge  of  the  organic  changes. 

Persons  who  were  ill  and  weak  were  especially  apt  to  fall  a  victim 
to  the  disease,  and  many  of  these  died.  In  such  cases  it  was  difficult 
to  distinguish  between  the  symptoms  and  the  anatomic  findings  due  to  the 
original  disease  and  those  produced  by  influenza.  Besides,  the  disease 
very  frequently  leads  to  mixed  infection,  and  in  such  cases  the  effects 
of  the  mixed  infection  greatly  complicate  the  clinical  picture. 

Finally,  it  is  often  exceedingly  difficult  to  determine  whether  influenza 
exists  or  has  previously  existed;  indeed,  the  diagnosis  in  this  respect 
must  often  remain  uncertain.  There  is  a  widespr^ul  tendency  to  attri- 
bute any  condition  that  is  difficult  to  define  to  influenza,  and  thus  many 
things  are  described  as  influenza  which  certainly  have  nothing  whatever 
to  do  with  the  disease. 

To  add  to  all  these  difficulties,  the  etiologic  and  anatomic  foundation 
for  an  orderly  classification  of  circulatory  disturbances  following  influ- 
enza are  extremely  scanty. 

As  in  all  other  infections,  so  in  influenza,  many  persons  pass  through 
the  entire  disease  without  presenting  any  special  symptoms  referable 
to  the  circulation.  Not  only  healthy  persons,  but  heart  patients  also, 
may  get  through  the  disease  without  suffering  in  this  respect.  This  I 
have  often  observed,  and  Leichtenstem  makes  the  same  statement.* 

On  the  other  hand,  the  circulation,  and  particularly  the  heart  action, 
is  sometimes  affected  at  the  very  beginning  of  the  illness.  That  is  not 
what  I  refer  to  here.  Leichtenstem  has  given  a  detailed  description  of 
these  conditions  in  his  section  on  Influenza.f  Endocarditis  and  peri- 
carditis have  also  been  obsen'^ed.  The  distinction  between  the  latter 
and  diseases  of  the  heart  muscle  presents  the  difficulties  that  have  been 
repeatedly  mentioned.  That  the  myocardium  is  structurally  damaged 
by  the  infectious  process  is  an  established  fact;  several  descriptions 
of  parenchymatous  changes  in  man  X  and  in  animals  §  are  found  in 

*  ''Nothnagd's  Practice/'  American  edition.    Volume  on  Influenza. 

t  Loc.  dt.,  p.  148. 

tMarchand.  "Berliner  klinische  Wochenschrift,"  1890,  No.  23.  Kuskow, 
"Virchow's  Arcniv,"  vol.  cxxxix,  p.  414. 

§  Bollinger,  "Mttnchener  medicinische  Wochenschrift,"  1890,  p.  2. 
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the  literature.  But,  unfortunately,  we  lack  such  systematic  investiga- 
tions as  have  been  made  in  diphtheria.  Whether,  and  if  so  with  what 
frequency,  genuine  myocarditis  occurs  at  the  height  of  the  disease  has 
never,  so  far  as  I  can  find  out,  been  accurately  investigated. 

With  the  clinical  symptoms  of  cardiac  disturbances  accompanying 
influenza  I  have  had  but  little  personal  experience.  It  is  certam  that 
at  the  height  of  the  disease  one  does  not  often  see  cardiac  symptoms 
that  coiUd  be  regarded  as  an  expression  of  acute  myocarditis,  reasoning 
from  analogy  with  the  s3anptoms  observed  in  other  infectious  diseases- 
Sometimes  irregularity  and  inequality  of  the  heart  action  are  observed, 
and  very  occasionally  dilatation;  but  the  latter  is  comparatively  rare. 

I  have  seen,  in  a  number  of  patients,  cardiac  symptoms  which  were 
said  to  be  due  to  a  former  influenza.  Like  Romberg,  I  also  have  an 
idea  that  the  conditions  in  these  cases  are  exceedingly  complicated. 
Nobody  will  deny  the  possibility  of  chronic  myocarditis  (possibly  aba 
endocarditis)  developing  from  an  acute  infectious  disease  of  the  heart 
occurring  during  influenza,  especially  since,  as  has  been  mentioned  above,, 
the  heart  may  become  involved  during  the  height  of  the  disease.  But 
it  is  probable  that  in  most  cases  the  cardiac  disturbances  are  chiefly 
to  be  explained  by  an  increase  of  an  already  existing  cardiac  affection, 
and  by  the  influence  of  the  general  damage  to  the  nervous  system  and  the 
general  health,  which  is  such  a  conspicuous  result  of  influenza. 

It  is  evident  that  Romberg  has  a  much  larger  experience  with  these 
things  than  mine  has  been.  That  is  probably  more  than  an  accident. 
His  practice  was  composed  chiefly  of  persons  belonging  to  the  so-called 
better  classes  in  a  large  city.  Among  such  individuals  the  nervous 
system  and  the  nutrition  are  relatively  very  labile,  at  least,  much  more 
so  than  among  my  Thuringian  peasants  and  workmen;  among  such 
people  as  Romberg's  patients  *  ^influenza"  is  a  much  more  formidable 
disease.  Romberg  has  given  an  excellent  description  of  the  symptoms; 
those  referable  to  the  heart  often  represent  a  great  variety  of  sensory 
symptoms.  The  symptoms  following  influenza  quite  often  resemble 
those  of  nervous  diseases  of  the  heart  in  every  respect.  Disturbances 
of  rhythm  are  also  very  frequent.  The  functional  power  of  the  heart 
is  diminished;  even  slight  exertion  suffices  to  cause  fatigue  and  dyspnea; 
palpitation  and  shortness  of  breath  follow  the  least  movement.  Many 
patients  have  dilatation  of  the  heart  and  systolic  murmurs.  As  I  have 
said,  this  may  be  the  result  of  a  disease  of  the  heart  muscle  caused  by 
the  infectious  process.  But  in  these  cases  also  the  sjrrriptoms  are  often 
due  to  an  increase  of  an  already  existing  morbid  condition,  or  changes 
in  the  strength,  size,  or  rhythm  of  the  heart,  such  as  occur  during  the 
ordinary  pursuits  of  life  when  there  is  a  reduction  of  the  nutrition.  The 
symptoms,  therefore,  would  fall  under  various  heads,  and  are  accordingly 
described  in  several  chapters.  Hence  the  treatment  need  not  be  specially 
discussed.  The  prognosis  in  diseases  following  influenza  is  not  very 
favorable;   as  a  rule,  these  conditions  prove  exceedingly  obstinate. 
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THE  TREATMENT  OF  ACUTE  INFECTIOUS  HYOCAia>ITIS. 

With  the  treatment  of  the  circulatory  disturbances  occurring  at  the 
height  of  the  disease  we  are  not  here  concerned.  Nor  can  they  be  discussed 
separately  from  the  methods  of  treating  the  remaining  symptoms.  It 
is  needless  to  say  that  active  measures  to  combat  the  cause  of  the  disease, 
such  as  are  now  available  at  least  in  diphtheria  and  articular  rheumatism, 
also  benefit  the  circulation.  For  the  rest,  remedies  are  selected  that 
are  capable  of  influencing  the  heart  and  the  vessels.  These  remedies 
are  enumerated  on  p.  585,  and  the  physical  methods  of  treatment  that 
are  employed  for  the  same  purpose  are  discussed  on  another  page  (see 
p.  588). 

As  yet  it  is  beyond  our  power  to  prevent  the  occurrence  of  cardiac 
disturbances  late  in  the  attack  or  after  the  actual  infection  has  run  its 
course.  But  there  is  much  that  the  physician  can  do  to  prevent  their 
injurious  effects.  The  heart  of  any  patient  convalescing  from  an  acute 
infectious  disease  must  be  subjected  to  the  most  minute  examination 
at  short  intervals.  Some  diseases,  such  as  diphtheria,  require  special 
care  in  this  respect.  If  there  is  any  suspicion  of  the  slightest  anomaly 
of  the  heart,  strict  rest  in  bed  must  be  ordered,  and  if  there  are  marked 
sjonptoms  of  cardiac  disturbance,  the  patient  must  even  remain  per- 
fectly quiet  while  in  bed.  The  chances  that  an  acute  disease  of  the  heart 
will  run  its  course  without  any  injurious  consequences  are  greatly  in- 
creased by  diminishing  the  work  of  the  heart,  and  it  must  be  remembered 
that  any  muscular  movement  makes  demands  on  the  powers  of  the 
organ.  In  severe  cases,  especially  in  the  myocarditis  following  diphtheria, 
this  precaution  must  be  carried  to  the  extreme  of  forbidding  every  kind 
of  movement;  the  patient  remains  perfectly  quiet  in  bed  and  even  has 
to  be  fed.  The  diet  must  be  regulated  according  to  the  nature  and 
duration  of  the  disease.  The  patient  must  be  kept  at  absolute  rest, 
both  mentally  and  bodily,  so  long  as  there  are  any  signs  that  the  heart 
is  not  perfectly  competent  to  meet  any  increase  in  the  resistance  or 
the  filling  of  its  chambers.  In  some  cases  the  patient  may  have  to  be 
kept  at  rest  for  weeks,  and  in  this  respect,  again,  diphtheria  is  the  disease 
which  most  severely  taxes  the  physician's  and  the  patient's  perseverance. 
As  soon  as  there  is  reason  to  believe  that  the  functional  capacity  of  the 
heart  is  good,  muscular  movements  may  be  permitted,  even  if  the  heart 
action  has  not  become  entirely  normal.  To  hit  upon  the  exact  moment 
is  a  matter  of  medical  skill;  the  considerations  which  determine  the 
question  have  been  repeatedly  explained  in  the  foregoing  pages. 

The  transition  from  rest  in  bed  to  the  activities  of  ordinary  life  must 
be  very  gradual.  During  this  period  it  has  been  found,  by  experience, 
that  cutaneous  stimulation  in  the  form  of  carbon  dioxid  baths  is  very 
useful  in  improving  the  strength  of  the  heart.  Romberg  orders  these 
baths  as  soon  as  the  patient  has  become  accustomed  to  being  up  a  few 
hours  a  day.  The  time  when  the  patient  may  be  allowed  to  return  to  his 
work  depends  altogether  on  the  nature  of  his  occupation,  the  amount 
of  bodily  exertion  or  mental  excitement  which  it  involves,  as  well  as 
on  the  convalescent's  ability  to  save  himself,  a  question  into  which  the 
personal  equation,  of  course,  enters  to  a  large  extent  (compare  p.  556). 


656  DISEASES  OF  THE  MYOCARDIUM. 

All  morbid  manifestations  in  other  organs  require  careful  treatment, 
especially  anything  that  is  capable  of  disturbing  or  interfering  with  the 
circulation;  for  example,  constipation  must  be  avoided  under  all  circum- 
stances. 

Cold,  cool,  or  even  warm  compresses  should  be  applied  to  the  pre- 
cordial region.  I  think  one  should  always  try  cold  compresses  first; 
but  if  they  are  not  comfortable  to  the  patient,  warm  compresses  should 
be  substituted. 

Except  for  these  measures,  an  expectant  policy  may  be  pursued 
so  long  as  no  signs  of  altered  blood  distribution  make  their  appearance. 
But  if  the  latter  occur,  I  should  advise  that  digitalis  or  strophanthus 
be  tried.  In  most  cases  the  remedies,  unfortunately,  are  of  no  great 
benefit.  Why,  it  is  impossible  to  say.  Possibly  the  action  of  these 
substances  depends  on  certain  definite  changes  of  the  heart  muscle; 
or  it  may  be  that  in  these  conditions  there  is  not  enough  susceptible 
substance  to  enable  the  drugs  to  develop  their  influence. 

In  cases  of  profound  cardiac  weakness  coffee,  wine,  camphor,  and  the 
other  remedies  mentioned  above  must  be  used.  They  are  indicated 
because  they  are  also  capable  of  influencing  the  hmrt.  By  far  the 
most  important  part  of  the  treatment  in  all  cases  consists  in  regulating 
the  hygienic  conditions  and  muscular  exercise.  This  part  of  the  treat- 
ment should  never  be  neglected  for  the  administration  of  medicines 
in  acute  myocarditis. 

CHRONIC  HYOCARDUIS. 

The  inflanmiatory  changes  described  on  p.  628  develop  insidiously 
and  slowly  in  the  heart  muscle,  and  again,  from  the  purely  anatomic 
standpoint,  are  almost  always  associated  with  pericarditis  and  endo- 
carditis. The  symptoms  of  the  two  latter  processes,  however,  are  in 
many  cases  entirely  overshadowed  by  the  symptoms  of  myocarditis; 
the  signs  of  effusion  into  the  pericardium  and  of 'valvular  defects  being 
absent. 

The  inflammatory  processes  are  always  diffusely  scattered  over  the 
myocardium.  As  a  rule,  large  foci  occur  only  when  a  number  of  smaller 
patches  coalesce.  The  left  ventricle  is  usually  more  severely  involved 
than  the  right,  and  in  it  the  upper  part  of  the  posterior  wall  and  the 
lower  part  of  the  anterior  wall  especially  (Koster*).  The  papillary 
muscles  and  the  subpericardial  layers  first  become  the  seat  of  inflammar 
tory  foci,  and  are  more  thickly  set  with  these  foci  than  any  other  portion 
of  the  heart.  For  this  reason  Koster  is  perfectly  justified  in  saying 
that  when  there  exists  a  suspicion  of  chronic  myocarditis  the  pathologist 
should  examine  thin  sections  parallel  to  the  surface,  in  addition  to  those 
usually  examined. 

Owing  to  the  long  duration  of  the  process  and  the  tendency  to  local 
regeneration  even  in  the  worst  forms  of  the  disease,  the  different  stages 
are  nearly  always  found  combined  in  the  same  heart.  Thus,  for  example, 
quite  recent,  round-cell  infiltration  is  found  between  muscle-fibers  that 
are  but  little  damaged  and  side  by  side  with  well-developed  scars  con- 
taining few  cells.  As  inflanamation  also  attacks  the  walls  of  the  large 
vessels;  as,  in  addition,  the  blood-vessels  may  become  involved  secon- 
darily in  the  older  foci  and  may  ultimately  become  occluded;  as,  finally, 

*  Kdster,  quoted  by  ROhle,  "  Archiv  fQr  klinische  Medicin/'  vol.  xxii,  p.  85. 
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the  parenchyma,  both  primarily  during  the  myocarditis  and  secondarily 
from  disease  of  the  blood-vessels,  may  undergo  granular  and  fatty  degen- 
eration in  a  great  variety  of  ways,  there  results  a  combination  of  arterial, 
interstitial,  and  parench3niiatous  processes,  and  it  may  be  exceedingly 
difficult  in  an  individual  case  to  determine  positively  what  was  the  pri- 
mary lesion.  Hence  even  anatomically  there  is  often  much  difficulty 
in  distinguishing  the  changes  from  those  due  to  coronary  sclerosis,  espe- 
cially since,  as  we  have  already  seen,  that  condition  also  is  sometimes 
associated  with  inflammatory  symptoms.  Perhaps  a  strict  distinction 
between  the  two  processes  is  absolutely  impossible.  Among  the  causes 
of  coronary  sclerosis  infectious  conditions  unquestionably  must  be  in- 
cluded, and  it  is  quite  conceivable  that  these  inflammatory  processes 
might,  in  some  cases,  first  attack  the  coronary  vessels  and  in  others  exert 
their  action  directly  on  the  heart  muscle.  It  may  be  said,  therefore, 
that  chronic  myocarditis  in  many  cases  develops  as  the  direct  result  of 
the  action  of  some  injury  on  the  muscle-fibers,  while  in  other  cases  it 
is  secondary  to  disease  of  the  blood-vessels;  in  the  etiology  of  chronic 
myocarditis  coronary  sclerosis  is  an  important  factor.  The  two  things, 
however,  are  not  identical.  Sclerosis  of  the  coronary  vessels  does  not 
necessarily  produce  chronic  myocarditis,  and,  in  addition,  produces 
certain  other  symptoms  besides  those  of  myocarditis. 

The  inflammation  may  be  chronic  from  the  beginning,  or  it  may 
begin  acutely,  in  which  case  chronic  myocarditis  represents  a  sequel 
of  one  of  the  processes  discussed  under  acute  myocarditis.  Instead 
of  recovery  or  acute  and  rapidly  fatal  cardiac  insufficiency,  a  chronic 
insufficiency  of  the  heart  develops.  This  is  seen  most  frequently  after 
rheumatic  polyarthritis;  more  rarely,  after  typhoid  fever,  scarlet  fever, 
diphtheria,  and  pus-infections. 

Chronic  myocarditis  may  be  insidious  from  the  beginning,  the  transi- 
tion both  anatomically  and  clinically  between  health  and  disease  being 
imperceptible.  In  these  cases  the  causes,  so  far  as  I  can  see,  are  still 
very  obscure.  One  is  naturally  inclined  to  think  of  infections  and 
intoxications.  In  the  case  of  intoxication,  especially  that  due  to  alcohol, 
the  theory  finds  support  in  the  fact  that  in  the  diseases  of  the  heart 
which  develop  in  many  forms  of  chronic  alcoholism  inflammation  of  the 
muscle  has  been  found  to  be  the  cause  of  the  cardiac  insufficiency  in  not 
a  few  instances  (see  p.  610).  In  many  of  these  cases  with  insidious 
onset  one  of  the  above-mentioned  infections  must  be  regarded  as  the  di- 
rect cause  of  the  myocarditis.  Sometimes  a  considerable  interval  elapses 
between  the  acute  disease  and  the  appearance  of  the  cardiac  symp- 
toms. 

The  disease  of  the  heart-wair  leads  to  defective  contraction  of  the 
organ  and  diminution  of  the  muscle  tonicity,  and,  finally,  if  the  process 
is  protracted  and  the  work  of  the  organ  is  permanently  diminished, 
true  atrophy  of  the  heart  develops.  Parts  of  the  wall  in  which  a  great 
deal  of  the  muscle  substance  has  been  destroyed  may  bulge  or  even  tear 
through,  but  these  two  processes  are  probably  more  frequent  in  coronary 
sclerosis. 

According  to  our  theoretic  and  purely  mechanic  views,  hypertrophy 
of  the  muscle  ought  not  to  occur  in  pure  myocarditis.  Nevertheless, 
one  sometimes  gains  the  impression  that  the  muscle  has  become  thickened. 
I  will  not  venture  to  say  more  than  this  because  in  these  slight  degrees 
of  hjrpertrophy  it  is  impossible  to  give  a  definite  opinion  without  an 
42 
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accurate  examination  after  Miiller's  method;  and  observations  of  that 
kind  have  never  been  made. 

When  there  is  reason  to  believe  that  hypertrophy  is  present,  one 
generally  looks  for  some  other  cause,  either  of  endocardial  or  ectocardial 
origin.  But  it  may  fairly  be  doubted  whether  this  method  of  reasoning 
is  justifiable  in  all  cases.  It  depends  on  whether  the  idea  of  hypertrophy 
is  absolutely  inseparable  in  our  minds  from  the  idea  of  overcoming 
increased  resistance,  and  of  evacuating  larger  quantities  of  blood.  But 
who,  in  the  present  state  of  our  knowledge,  can  successfully  deny  that 
inflammatory  irritation  of  the  muscle  substance  might  be  capable  of 
increasing  the  extent  and  rapidity  of  the  contractions  and  thereby  the 
amount  of  work  performed,  or  that  the  muscle-fibers  may  undergo 
hyperplasia  under  the  direct  influence  of  the  inflammatory  stimulation? 
(See  p.  491.) 

The  disease,  so  far  as  I  can  see,  attacks  men  and  women  in  about 
equal  proportions.  It  shows  a  distinct  predilection  for  youth  and  middle 
age,  but  is  idso  met  in  older  persons.  In  children  I  have  never  seen  it 
except  in  the  form  of  the  processes  which  follow  the  acute  exanthemata 
and  diphtheria. 

I  do  not  think  it  is  possible,  as  yet,  to  give  an  opinion  in  regard  to 
the  frequency  of  myocarditis.  For  a  time  the  disease  was  r^arded  as 
extremely  rare,  while  some  insisted  that  it  was  quite  widespread — ^for 
example,  Koeter,*  Riihlef,  Romberg,}  and  myself.§  If  I  am  now  rather 
inclined  to  hesitate  on  this  point,  it  is  because,  during  the  last  seven 
years,  during  which  I  have  seen  a  large  number  of  patients,  and  among 
them  many  suffering  from  heart  disease  of  various  kinds,  I  have  seen 
comparatively  few  autopsies;  and  during  life  it  is  often  quite  impossible 
to  determine  whether,  in  the  presence  of  the  chronic  carcUac  disturbance 
described  in  the  foregoing  sections,  chronic  myocarditis  exists  and 
whether  it  or  coronary  sclerosis  is  responsible  for  the  clinical  s3rmptoms. 
For  the  present,  however,  I  am  still  inclined  to  think  that  the  incidence 
of  the  disease  is  by  no  means  so  very  limited,  and  I  am  convinced  that 
this  view  would  be  confirmed  if  suflScient  autopsies  could  be  made,  with 
extensive  and  systematic  microscopic  examinations. 

Symptoms. — Excellent  descriptions  of  the  symptomatology  of 
chronic  myocarditis  were  given  by  many  authors  as  early  as  the  first 
half  of  the  nineteenth  century — ^for  example,  by  Sobemheim  (see  also 
Stein's  analysis  of  the  older  views  on  this  disease||),  and  in  the  French 
and  German  text-books  on  diseases  of  the  heart.  A  comparison  of 
these  views  with  those  held  during  the  following  decades,  for  example, 
during  the  sixties  and  seventies,  clearly  shows  how  much  the  doctrine 
of  myocarditis  has  suffered  from  the  undue  prominence  that  was,  perhaps 
naturally,  given  to  percussion  and  auscultation.  It  is  true  that  some 
of  the  older  reports  cannot  be  utilized  for  our  present  purposes  without 
a  certain  degree  of  reserve,  because  the  term  myocarcUtis  at  that  time 
embraced  a  great  many  different  conditions  which  we  are  now  able  to 
separate  and,  therefore,  must  separate. 

*K08ter,  in  Rtthle's  article,  "  Archiv  fttr  klinische  Medicin/'  vol.  zxii,  p.  82,  and 
in  the  Bonn  "Program,"  1888,  "Ueber  Myocarditis." 

t  Rahle,  "Archiv  ftir  klinische  Medicin,"  vol.  xxii,  p.  82. 
J  Romberg,  "Herzkrankheiten,"  p.  755. 

SKelle, "  Archiv  fttr  klinische  Medicin,"  vol.  xlix,  p.  444. 
Stein,  "Myocarditis,"  p.  117. 
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Koster  and  Riihle,  in  their  contributions,  were  probably  the  first 
to  call  attention  to  chronic  myocarditis  and  to  emphasize  its  importance. 

For  us  myocarditis  is  characterized  by  the  S3rmptoms  of  an  increasing, 
although  very  slowly  progressing,  insuflSciency  of  the  heart  muscle.  As 
has  been  mentioned,  this  insufficiency  often  follows  some  acute  disease 
affecting  the  entire  body  and  the  heart,  and  in  that  case  the  first  83anp- 
toms  of  the  disease  are  identical  with  those  described  in  the  section  on 
Acute  Myocarditis. 

In  other  cases  the  patient  notices  a  gradual  loss  of  power.  This 
general  deterioration  shows  itself  chiefiy  during  muscular  exertion,  although 
the  patient  also  feels  the  effect  of  increased  demands  on  his  psycUc 
powers  more  than  before.  Slight  provocations  suffice  to  cause  excite- 
ment, d3n3pnea,  and  fatigue.  Dyspnea  especially  is  apt  to  develop  early 
and  to  make  itself  greatly  felt  during  muscular  exertion,  and  may  occur 
in  paroxysms.  Digestive  disturbances  may  be  present  from  the  begin- 
ing,  and  must  always  be  attributed  to  passive  congestion  in  the  -lungs 
and  in  the  abdominal  organs. 

Physical  examination  often  reveals  marked  cyanosis  quite  eariy  in 
the  disease.  As  a  rule,  the  heart  is  dilated,  generally  in  both  directions. 
The  apex-beat  is  weak  and  soft,  or  may  have  disappeared  altogether. 
One  point  upon  which  the  authors  of  the  first  half  of  the  century  laid 
great  stress  is  that  the  apex-beat,  at  times  at  least,  is  increased  in  force; 
but  it  would  be  wrong  to  conclude  at  once  that  the  heart  is  hypertrophied, 
for  the  phenomenon  can  readily  be  explained  by  inflanunatory  irritation 
and  exaggeration  of  the  heart  action,  especially  if  the  increase  in  the 
force  of  the  apex  impulse  is  only  occasional.  The  action  of  the  heart 
is  very  frequently  irregular  and  lacking  in  uniformity,  rarely  retarded, 
almost  always  accelerated;  the  corresponding  properties  are  observed 
in  the  pulse,  which  is  generally  soft  as  well.  The  irregularity  and  in- 
equality of  the  heart-beat  rarely  follow  any  special  order  of  periodicity,  a 
complete  absence  of  anything  like  regularity  being  the  rule.  In  fact, 
total  irregularity  of  the  heart  action  is  absolutely  typical  of  myocarditis; 
for  coronary  sclerosis,  so  far  as  the  production  of  this  kind  of  s3miptoms 
is  concerned,  is  on  an  absolute  par  with  genuine  inflammation  of  the 
muscle,  the  important  factor  being  the  disease  of  the  musculature.  But 
it  would  be  a  very  great  mistake  to  exclude  myocarditis  because  of  the 
absence  of  disturbances  of  the  heart  action.*  And  now  that  we  know  the 
significance  of  the  auricular  muscle  [and  the  auriculoventricular  bundle 
of  His — ^Ed.]  in  determining  the  rhythm  of  the  heart,  this  no  longer  excites 
our  surprise.  The  physician  must,  at  least,  remember  that  anomalies  of 
the  rhythm  or  size  of  the  heart  may  be  altogether  absent;  for  it  is  prob- 
able that  all  these  symptoms  depend  on  the  nature  and  localization  of 
the  anatomic  processes,  which  present  the  greatest  possible  variations. 

But  if  irregularity  of  the  heart  action  is  present,  as  is  the  case  in  most 
patients,  it  usually  becomes  permanent.  This  point  is  of  some  diagnostic 
value. 

The  results  of  auseuUation  may  be  entirely  normal,  but  sometimes 
the  first  sound  at  the  apex  is  weak  or  impure.  It  is  very  unfortunate 
for  our  understanding  of  these  matters  that  we  know  so  little  about 
the  influence  of  abnormal  contractions  of  the  muscle  on  the  first  heart- 
sound. 

♦Compare  Ebfitein,  "Zeitschrift  fUr  klinische  Medicin/'  vol.  vi,  p.  97.  Ibid,, 
"Archiv  fOr  klinifiche  Medicin,"  vol.  Ixv,  p.  81. 
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Systolic  murmurs  at  the  apex  indicate  a  mitral  insufficiency.  This 
may,  of  course,  be  due  to  endocarditis;  but  these  cases  of  associated 
endocarditis  and  myocarditis,  as  has  been  stated;  are  not  included  in 
the  present  discussion.  But  in  cases  of  pure  myocarditis  also  a  murmur 
is  not  infrequently  heard  at  the  apex,  either  accompanying  or  replacing 
the  first  sound.  Such  a  murmur  must,  as  a  rule,  be  regarded  as  due 
to  muscular  insufficiency  of  the  mitral  valve.  That  this  insufficiency 
is  particularly  common  in  chronic  myocarditis  needs  no  special  explana- 
tion. In  most  cases  the  deficiency  of  the  muscular  contractions  which 
causes  the  valvular  defect  is  inconstant,  and  the  signs  of  mitral  insuffi- 
ciency are,  accordingly,  heard  at  times  and  absent  at  others.  This  is 
the  rule,  but  there  are  exceptions.  In  one  case  under  my  observation 
the  muscular  insufficiency  of  the  valve  was  constantly  present  during 
m^ny  months. 

Anomalies  of  the  second  sound  at  the  base  must  be  attributed  to 
changes  in  the  aorta  or  to  valvular  lesions,  although  in  a  few  instances 
I  have  found  diastolic  murmurs  at  the  aorta  due  to  muscular  insufficiency 
of  the  semilunar  valves.  It  may  be  remembered  that  these  valves  are 
able  to  sustain  the  great  difference  in  pressure  between  the  aorta  and  the 
left  ventricle  only  when  they  are  assisted  by  the  contraction  of  fasciculi 
of  muscle-tissue  situated  at  the  base  of  the  valves,  in  the  septum.  If 
these  fasciculi  fail  to  contract  sufficiently,  all  the  signs  of  aortic  insuffi- 
ciency may  be  produced  even  in  the  absence  of  any  actual  change  in  the 
semilunar  valves.  This  is  particularly  apt  to  occur  after  chronic  myo- 
carditis. In  a  few  cases  a  diastolic  murmur  of  precisely  the  same  charac- 
ter as  that  heard  in  mitral  stenosis  was  present  at  tiie  apex,  although 
the  autopy  failed  to  reveal  any  changes  in  the  valves  or  any  narrowing 
of  the  orifice.  In  the  two  cases  which  I  observed  there  was  much  dilata- 
tion of  the  left  ventricle,  although  the  mitral  orifice  was  not  at  all  enlai^ed. 
Our  ideas  in  regard  to  the  mode  of  production  of  this  diastolic  murmur 
are  not  very  clear.  According  to  tiie  prevailing  views,  the  current  of 
blood,  as  it  enters  the  dilated  ventricle  through  the  mitral  orifice,  sets 
up  eddies  which  cause  vibration  of  the  valves  and  heart-wall. 

The  character  of  the  arterial  pulse  depends  solely  on  the  heart  action^ 
more  particularly  on  the  completeness  with  which  the  heart  supplies 
the  vessels  with  blood.  The  arteries  themselves  have  no  special  effect 
on  the  pulse — ^at  least  nothing  is  known  about  any  such  effect. 

Sensory  disturbances  are  scarcely  ever  absent.  Pressure  on  the  chest, 
fear,  and  actual  pain  are  the  most  frequent.  The  question  whether 
there  is  a  pain  characteristic  *  of  myocaiditis  has  been  much  discussed 
in  the  past.  It  is  denied  by  most  authorities,  and  personally  1  must 
agree  with  them.  There  is  no  doubt,  however,  that  sensory  disturbances 
form  an  important  part  of  the  patient's  discomfort.  Even  angina 
pectoris  is  said  to  occur,  the  attacks  varying  from  the  mildest  to  the  most 
severe;  but  it  is  undoubtedly  much  more  rare  than,  for  example,  in 
coronary  sclerosis. 

Shortness  of  breath,  a  feeling  of  pressure,  and  fear  not  infrequently 
lead  to  great  restlessness.  The  patients  are  continually  moving  from 
one  place  to  another  and  changing  their  position,  unable  to  find  any 
comfort;  they  toss  about  and  so  increase  their  sufferings. 

The  anomalies  of  the  heart  action  may  persist  for  a  lonjg  time  and 
the  patients  may,  to  a  certain  extent  at  least,  retain  their  ability  to  work. 
*  See,  e,  g.,  Bamberger,  "Herzkrankheiten."    Stein,  "Myocarditis." 
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In  the  end,  however,  the  signs  of  severe  cardiac  insufficiency  develop. 
Even  when  the  patient  is  at  rest,  abnormalities  in  the  distribution  of  the 
blood  and  symptoms  of  congestion  are  observed;  sometimes,  chiefly 
in  the  pulmonary  circulation  (when  they  are  accompanied  by  violent 
dyspnea)  or  only  in  the  systemic  veins,  or,  as  most  frequently  happens, 
.  in  both  the  pulmonary  system  and  the  systemic  veins,  although  not  in 
the  same  degree  in  both.  The  type  of  cardiac  weakness  depends  alto- 
gether on  the  distribution  and  localization  of  the  inflammatory  processes 
in  the  muscle,  that  is  to  say,  on  which  parts  of  the  heart  are  most  severely 
damaged. 

In  other  cases  the  symptoms  of  passive  congestion  make  their  appear- 
ance early,  being  often  confined  to  one  or  two  organs.  One  patient 
may  have  an  obstinate  bronchitis;  another,  an  enlarged  liver;  a  third, 
edema  of  the  ankles.  The  process  may  extend  to  the  kidneys  either  in 
the  form  of  congestion  or  true  Bright's  disease.  But  in  the  latter  case 
one  probably  has  to  deal  with  an  accidental  combination  or  with  the  asso- 
ciation of  two  diseases  with  a  common  etiology,  such  as  syphilis,  for 
example. 

In  the  end,  and  after  an  interval  which  varies  in  different  individuals, 
the  well-known  picture  of  profound  cardiac  insufficiency  always  develops. 
Some  patients  live  in  tolerable  comfort  for  years  before  they  reach  this 
stage.  This  final  stage  of  cardiac  insufficiency  may  last  for  some  time, 
its  duration  being  probably  greatest  in  chronic  myocarditis  and  some 
forms  of  mitral  valvular  lesions.  In  the  latter,  also,  it  must  be  attributed 
to  the  presence  of  myocarditis. 

The  patient's  sufferings  during  this  stage  of  the  disease  are  too  well 
known  to  need  description.  It  sometimes  lasts  a  long  time,  and  many 
myocarditis  patients  suffer  a  great  deal,  especially  when  the  left  ventricle 
is  weaker  than  the  right  and  the  dyspnea  caused  by  the  slowing  of  the 
blood-current  is  exaggerated  by  the  overfilling  of  the  lungs. 

The  symptoms  referable  to  other  organs,  unless  they  are  the  result 
of  the  disturbance  of  the  heart's  function  in  the  manner  explained,  are 
in  every  instance  completely  overshadowed  by  the  cardiac  symptoms. 
In  a  few  cases  I  saw  hectic  fever  with  an  evening  rise  to  40°  C.  (104°  F.), 
and  occasional  chills.  The  autopsy  clearly  showed  that  there  could 
be  no  other  cause  for  this  fever  but  the  inflammatory  process  in  the 
heart  muscle.  At  that  time  we  did  not  examine  the  heart  for  the  presence 
of  micro-organisms;  nevertheless,  these  cases  of  myocarditis  may  quite 
properly  be  compared  to  the  observations  of  subacute  or  chronic  endo- 
carditis with  fever  which  were  first  described  by  Leyden  *  and  carefully 
investigated  by  Harbitz.f  Streptococci  and  pneumococci  play  an 
important  part  in  the  etiology  of  these  conditions.  Owing  to  the  close 
connection  between  myocarditis  and  endocarditis,  one  is  naturally 
inclined  to  attribute  these  cases  to  the  same  or  similar  causes. 

In  some  cases  I  observed  severe  grades  of  anemia  along  with  the 
myocarditis.  I  cannot  explain  its  occurrence,  and  it  is  of  some  interest, 
from  a  diagnostic  standpoint,  because  in  such  cases  it  may  be  difficult 
to  interpret  the  cardiac  symptoms. 

The  diagnosis  of  chronic  myocarditis  rests  on  the  demonstration 
of  cardiac  insufficiency  in  its  various  degrees. 

At  the  very  beginning,  if  the  functional  power  of  the  heart  appears 

*  Leyden,  "Zeitschrift  ftlr  klinische  Medicin,"  vol.  iv,  p.  321. 
t  Harbitz,  '^  Deutsche  medicinische  Wochenschrift,"  1899,  No.  8. 


662  DISEASES  OF  THE  MYOCARDIUM, 

to  be  well  preserved  and  the  disturbances  of  its  action  are  the  most  promi- 
nent features  in  the  case,  a  doubt  may  exist  as  to  whether  the  heart 
symptoms  may  not  be  purely  nervous.  This  question  must  be  decided 
by  the  identical  considerations  that  are  given  at  length  in  the  section 
on  Arteriosclerosis;  only  in  regard  to  myocarditis  I  wish  to  emphasize 
that  it  never  occurs  without  some  diminution  of  the  functional  power- 
of  the  heart,  even  if  at  first  this  diminution  manifests  itself  only  when 
certain  definite  demands  are  made  upon  the  organ.  Again,  the  rhythmic 
disturbance  in  nervous  individuals  much  more  commonly  occurs  only 
at  times  and  ajs  the  result  of  certain  definite  influences,  while  in  myocar- 
ditis the  irregularity  is  generally  permanent  and  follows  no  rules  whatever. 

But  even  in  these  incipient  cases  the  necessity  of  differentiating  the 
condition  from  the  effects  of  coronary  sclerosis  must  be  borne  in  mind, 
a  necessity  which  arises  again  and  again  at  every  stage  of  the  disease. 
And  in  every  stage  the  results  of  such  efforts  at  diagnosis  are  equally 
small.  It  is  true  that  a  few  diagnostic  points  of  importance  can  be 
mentioned,  such  as  the  presence  or  absence  of  disease  in  the  peripheral 
arteries,  the  greater  prominence  of  sensory  disturbances  in  coronary 
sclerosis,  especially  angina  pectoris, — ^which  is  rare  in  myocarditis, — ^in 
the  fact  that  many  cases  of  arteriosclerosis  are  associated  with  increased 
arterial  tension  and  h3rpertrophy  of  the  heart,  both  of  which  conditions 
are  always  absent  in  pure  myocarditis,  and,  finally,  if  one  has  an  oppor- 
tunity of  observing  the  course  of  the  disease,  it  should  be  remembered 
that  an  atypical,  bizarre  course  is  characteristic  of  coronary  sclerosis, 
while  in  myocarditis  the  disease  progresses  slowly  and  steadily,  but 
irresistibly,  toward  an  unfavorable  termination.  In  the  individual 
case,  however,  and  especially  at  the  first  examination,  the  distinction 
between  the  two  conditions  is  always  exceedingly  diflScult  and  often 
quite  impossible. 

Chronic  myocarditis  must  be  differentiated  from  the  cardiac  affections 
occurring  in  the  obese,  in  alcoholics,  and  in  persons  who  do  hard  manual 
work.  This  distinction  must  be  based  on  the  development  and  course 
of  the  symptoms  and  on  consideration  of  the  etiologic  conditions.  The 
presence  of  cardiac  h3rpertrophy  in  many  cases,  the  nature  of  the  clinical 
course,  and  the  effect  of  treatment  must  also  be  taken  into  account. 
TTie  iirformation  gained  by  examining  the  heart  has  but  a  limited  value 
in  this  respect  and  affords  no  positive  data  on  which  to  base  a  differential 
diagnosis.  This  will  astonish  no  one  who  is  familiar  with  the  conditions; 
for  the  anatomic,  physiologic,  and  pathogenetic  aspects  of  all  these 
morbid  states  are  far  from  being  clearly  understood.  It  is  possible 
that  not  a  few  of  these  cases,  after  all,  belong  to  the  category  of  myocar- 
ditis. The  older  I  grow,  the  more  I  see,  and  the  more  familiar  I  become 
with  these  things,  the  more  guarded  I  am  in  giving  an  opinion.  The 
distinction  is  particularly  difficult  when  cardiac  insufficiency  exists. 
But  when  the  functional  power  of  the  heart  is  tolerably  good,  observation 
of  the  rhythm  has  a  certain  value  in  so  far  as  persistent,  marked  irregu- 
larity with  relatively  good  heart  action  is  chiefly  characteristic  of  myocar- 
ditis and  coronary  sclerosis,  particularly  the  former,*  and  is  distinctly 
more  rare  in  the  other  conditions  that  enter  into  the  differential  diagnosis. 

It  is  quite  impossible  to  distinguish  between  the  forms  of  myocarditis 
here  under  consideration  and  inflammation  due  to  syphilis.  Nothing 
but  the  knowledge  that  sjrphilis  is  present  and  the  possibility  or  prob- 

*  Compare  also  Riegel. 
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abUity  of  its  being  responsible  for  the  cardiac  trouble  will  guide  the  physi- 
cian on  the  right  track. 

Finally  when  a  systolic  murmur  is  present  at  the  apex  in  myocarditis, 
the  disease  must  be  differentiated  from  ordinary  mitral  insufficiency, 
and,  if  the  heart-sounds  are  pure,  from  mitral  stenosis  without  murmurs. 
But  so  long  as  a  fair  degree  of  compensation  is  maintained,  the  marked 
involvement  of  the  pulmonary  circulation  and  the  hypertrophy  of  the 
right  ventricle  (indicated  by  dyspnea  and  accentuation  of  the  second 
pulmonic  sound)  usually  make  it  possible  to  distinguish  between  the 
two  conditions.  In  the  presence  of  marked  cardiac  insuflSciency,  how- 
ever, a  careful  physician  will  refuse  to  give  a  specific  diagnosis,  at  least 
in  the  beginning. 

The  distinction  between  muscular  and  endocarditic  mitral  insufiS- 
ciency  is  not  possible  when  a  s3rstolic  murmur  is  always  present  and  the 
second  pulmonic  sound  is  accentuated.  I  am  well  acquainted  with  cases 
of  this  kind,  in  which  the  above-mentioned  signs  are  observed  constantly 
until  death,  and  all  we  can  hope  to  do  in  these  cases  is  to  give  a  diagnosis 
of  mitral  insufficiency  with  myocarditis.  But  in  uncomplicated  myocar- 
ditis the  murmur  is  much  more  frequently  inconstant, — ^present  at  one 
examination  and  absent  at  the  next, — and  the  murmur  disappears  as 
the  heart  action  improves.  I  will  not  say  that  this  is  absolutely  character- 
istic. In  endocarditis  also  the  mitral  insufficiency  is  undoubtedly  due 
in  a  great  measure  to  functional  deficiency  of  the  muscles  at  the  base  of 
the  heart.*  But  in  musctilar  insufficiency  inconstancy  of  the  murmur 
is  a  more  frequent  and  more  conspicuous  feature.  If,  in  addition,  the 
disturbances  of  the  heart  action  are  taken  into  consideration,  a  positive 
diagnosis  of  myociufditis  will  be  possible,  as  a  rule,  and  it  will  often  be 
possible  to  say  whether  there  is  a  probability  that  the  mitral  insufficiency 
is  due  to  endocarditis  as  well  as  to  deficient  contraction  of  the  muscle. 
Quite  frequently,  however,  the  careless  examiner  will  make  a  mistake,  and 
even  the  man  with  experience  will  not  venture  to  give  a  positive  opinion. 
For  it  must  be  remembered  that  in  endocarditis  the  disturbance  of  the 
heart  action  is,  in  a  large  measure,  due  to  the  accompanying  disease 
of  the  myocardium. 

The  presence  of  a  diastolic  murmur  renders  the  diagnosis  of  myocar- 
ditis exceedingly  difficult.  Since  it  is  absolutely  impossible  to  distinguish 
the  murmur  from  that  of  aortic  insufficiency  or  mitral  stenosis,  a  careful 
diagnostician  will  not  venture  beyond  a  tentative  diagnosis.  However, 
owing  to  the  great  rarity  of  these  murmurs  in  the  absence  of  endocarditis, 
this  point  is  of  little  practical  importance. 

Treatment. — The  causal  indication  in  the  forms  of  myocarditis 
here  described  cannot  be  satisfied.  Sjrphilis  is  treated  in  a  separate 
section.  We  know  of  no  remedy  to  combat  the  final  effects  of  rheumatic 
processes.  If,  however,  alcohol  is  the  cause  of  the  myocarditis,  the  root 
of  the  evil  may  be  attacked  by  forbidding  its  use.  But  alcoholic  beverages 
must  be  restricted  to  a  minimum  in  every  case;  for  our  principal  duty 
is  to  avoid  everything  in  the  diet  and  in  the  mode  of  life  capable  of  making 
a  greater  demand  on  the  heart  or  of  directly  injuring  the  organ.  The 
necessary  explanations  on  this  point  will  all  be  found  in  the  section 
on  General  Principles,  and  nothing  would  be  gained  by  adding  any 
special  remarks  here.  The  question  whether  the  patient  shall  stay  in 
]:>ed  or  may  be  allowed  to  sit  up  or  go  about  must  be  determined  on 
*  Compare  Romberg,  "  Archiv  fiir  klinische  Medicin/'  vol.  liii,  p.  141. 
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general  principles,  while,  at  the  same  time,  carefully  taking  into  considera- 
tion the  individual  patient's  peculiar  circumstances.  Accordingly,  the 
physician's  instructions  must  be  absolutely  specific  and  include  every 
detail  of  the  patient's  mode  of  life. 

Although  no  definite  measures  can  be  adopted  to  combat  the  causes 
of  the  disease  or  to  prevent  its  progress,  a  good  deal  can  be  done,  never- 
theless, to  keep  up  the  strength  of  the  heart  by  preserving  the  power 
of  the  muscle  tissue  or  even  increasing  its  functional  capacity.  For 
this  purpose  the  patient  should  be  instructed  to  take  exercise  as  long 
as  possible,  not,  of  course,  without  observing  due  caution  and  carefully 
controlling  the  individual  reaction,  for  there  is  always  great  danger  of 
overexerting  the  heart.  We  all  know  how  much  damage  Oertel's  treat- 
ment can  do  in  this  class  of  cases,  as  well  as  in  cases  of  coronary  sclerosis. 
In  any  case  I  advise  the  greatest  caution. 

Carbon  dioxid  baths  are  distinctly  less  harmful,  and  there  is  no  doubt 
that  good  results  have  been  obtained  by  their  use,  especially  the  baths 
given  in  Nauheim;  some  surprising  results  have  come  within  my  own 
observation.  But  even  in  administering  carbon  dioxid  baths  the  effect 
of  each  bath  on  the  organism  must  be  carefully  noted. 

If  actual  stasis  develops,  digitalis  or  its  substitutes,  as  well  as  diuretic 
remedies,  must  be  administered  in  the  usual  way.  I  know  of  no  special 
advice  to  give  in  this  connection.  In  some  cases  I  find  it  useful  to 
give  small  doses  of  digitalis  (0.1  gm. — IJ  gr. — infusion  or  pill,  twice  a 
day)  for  weeks  at  a  time,  and  have  in  this*  way  at  least  succeeded  in 
keeping  the  functional  power  of  the  heart  from  diminishing.  Under 
these  circumstances,  also,  especially  if  the  cardiac  insufficiency  is  of  a 
minor  degree,  carbon  dioxid  baths  are  useful. 

CARDIAC  STENOSIS. 

In  exceedingly  rare  cases,  when  inflanunation  of  the  heart  muscle 
is  associated  with  endocarditis,  scars  may  be  formed,  and  in  contracting 
may  produce  considerable  narrowing  of  certain  portions  of  the  heart, 
thus  simulating  stenosis  of  one  of  the  orifices.  This  occurs  relatively 
most  frequently  at  the  conus  arteriosus,  producing  a  clinical  picture 
which  resembles  that  of  pulmonary  stenosis.  In  the  first  case  of  this 
kind,  described  by  Dittrich,*  it  was  thought  that  there  might  have  been 
a  myocarditis  chiefly  affecting  the  right  ventricle  and  in  some  way  con- 
nected with  a  blow  received  on  the  chest.  The  inflammation  had  devel- 
oped at  the  conus  arteriosus  below  the  pulmonary  valves,  and  the 
cicatricial  contraction  had  produced  a  considerable  narrowing  of  the 
cone.  As  a  result,  the  muscular  tissue  of  the  right  ventricle,  which 
propels  the  blood  into  the  pulmonary  artery,  had  undergone  great  hyper- 
trophy. Hammemjk  f  believes  that  the  cause  of  the  myocarditis  in 
this  case  was  a  former  attack  of  intermittent  fever.  Dittrich  suggested 
for  the  conditions  found  in  this  case  the  rather  pertinent  term,  "true 
heart  stenosis."  This  term  has  since  been  adopted  into  the  literature, 
and,  owing  to  our  weakness  for  curious  and  rare  or  interesting  cases, 
a  niunber  of  observations  of  a  similar  kind  have  since  been  described.J 

♦Dittrich  " Viertel jahrsschrif t  fOr  die  praktische  Heilkunde,"  6.  Jahrgang, 
1849,  vol.  i.  p.  157.  t  Hammernjk,  tWrf..  p.  180. 

t  For  tne  literature  up  to  1881  see  Rollett,"Medicinische  JahrbQcher  der  k.  k. 
Gesellschaft  der  Aerzte  in  Wien,''  1881,  p.  161. 
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It  has  already  been  mentioned  that  symptoms  simUar  to  those  observed 
in  stenosis  of  the  pulmonary  arteries  may  be  produced  by  narrowing 
of  the  coniia  arteriosus.  If  the  approach  to  the  aortic  orifice  becomes 
narrow  as  the  result  of  cicatricial  processes, — and  it  is  possible  that  this 
disease  also  begins  during  fetal  life, — ^the  patient  will,  of  course,  exhibit 
essentially  the  same  symptoms  as  in  stenosis  of  the  aorta.  As  a  matter 
of  fact;  the  diagnosis  of  aortic  stenosis  is  usually  made  during  life  in 
these  cases,  although  it  has  been  possible  in  some  to  recognize  stenosis 
below  the  opening  of  the  aorta  even  before  death.* 

Such  a  diagnosis  might  be  arrived  at  by  carefully  considering  those 
circumstances  which,  sdthough,  on  the  whole,  the  clinical  picture  is 
one  of  aortic  stenosis,  militate  against  the  presence  of  that  lesion;  but 
in  all  such  cases  the  possibility  of  other  rare  diseases  of  the  heart,  such 
as  tumors  and  echinococci,  must  also  be  kept  in  mind.  I  am  not  inclined 
to  lay  much  value  on  the  success  of  this  kind  of  diagnosis  in  judging 
an  individual  case.  It  is  more  a  clinical  feat  than  a  piece  of  scientific 
work.  At  all  events,  most  diagnoses  of  this  kind  are  wrong;  only  now 
and  again  one  of  them  proves  correct. 
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Tuberculous  infection  of  the  entire  body  may  involve  the  heart  in 
a  variety  of  ways.  With  tuberculous  pericarditis  and  the  form  of  endo- 
carditis which  not  infrequently  follows  pulmonary  tuberculosis  we  have 
nothing  to  do;  we  shall  follow  our  program  by  confining  ourselves  to 

*  RoUett,  loc.  cit. 
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the  diseases  of  the  heart  muscle.  First;  we  must  mention  h3rpertrophy 
of  the  right  ventricle,  which  is  more  particularly  apt  to  follow  the  more 
chronic  forms  of  pulmonary  tuberculosis  and  the  forms  accompanied 
by  considerable  interference  with  the  pulmonary  circulation.  This 
will  be  referred  to  later. 

Genuine  tuberculosis  of  the  heart  may  cause  the  formation  of  numerous 
miliary  nodules  in  the  myocardium.  This  condition  is  found  not  infre- 
quently as  part  of  a  general  miliary  tuberculosis,  but  does  not  give  rise 
to  any  special  clinical  signs.  Labb6  found  a  diffuse  tuberculous  infiltra- 
tion of  the  heart  muscle  in  a  case  of  profound  cardiac  insufficiency.  If 
one  may  be  permitted  to  reason  by  analogy  from  other  inflammatory 
processes,  the  anatomic  alteration  in  this  case  may  be  regarded  as  the 
primary  cause  of  the  functional  disturbance. 

Solitary  tubercles  are  very  rarely  found  in  the  heart.  They  run 
their  course  without  producing  any  clinical  sjnnptoms,  or,  if  they  attain 
large  dimensions,  cause  the  s3rmptoms  of  a  tumor.  This  question  will 
be  discussed  in  the  following  section,  where  it  will  be  mentioned  how 
scanty  the  diagnostic  data  in  these  cases  are.  Anything  like  certwity 
in  differentiating  solitary  tubercles  from  other  tmnors  is  altogether  out 
of  the  question. 

I  purposely  refrain  from  going  into  these  things  at  greater  length 
because  it  is  impossible  to  give  a  satisfactory  presentation  of  heart  tuber- 
culosis unless  the  relations  of  the  endocardium,  the  myocardium,  and  the 
pericardium  are  considered  together.  The  pathologic  processes  in  these 
three  structures  are  often  very  intimately  dependent  upon  one  another 
in  tuberculosis.  The  process  frequently  begins  a^  a  tuberculosis  of  the 
pericardium,  and,  on  the  other  hand,  an  inflanunation  of  the  myocardium 
is  always  a  great  menace  to  the  endocardium  and  to  the  blood.  But 
these  matters  do  not  fall  within  the  province  of  diseases  of  the  heart 
muscle. 
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TUMORS  AND  PARASITES  OF  THE  HEART  HUSCLE. 

The  observations  of  pathologic  anatomists  have  taught  us  that  echino* 
cocci,  cysticerci,  and  a  great  variety  of  tumors  may  occur  in  the  heart 
muscle.  Tumors  may  be  primary  and  may  begin  in  the  muscle,  in 
the  connective  tissue,  or  in  the  endocardium.    Primary  growths  are 
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very  rare,  however.  Metastatic  tumors  derived  from  other  portions  of 
the  body  are  much  more  frequent.  A  number  of  observations  of  this 
kind  have  been  collected,  and  any  one  who  wishes  to  make  an  exhaustive 
review  of  the  literature  will  find  no  lack  of  material. 

Nevertheless,  Oppoiaser's  remark  that  these  things  have  no  clinical 
interest  still  holds  good,  ''because  it  is  almost  never  possible  to  make 
the  diagnosis."  With  the  purely  oncologic  aspect  of  heart  tumors  and 
their  general  pathologic  importance  we,  of  course,  have  nothing  to  do 
here.  What  we  have  to  know  is  to  what  extent  the  physician  must 
take  account  of  their  occurrence  and  whether  they  can  be  recognized. 

It  must  be  stated,  to  begin  with,  that  a  large  number  of  cases  of 
heart  tumors,  as  well  as  tumors  reported  in  the  literature,  represent 
accidental  findings.  The  subjects  either  had  not  presented  any  symp- 
toms at  all,  or  the  symptoms  were  those  of  a  primary  tumor  in  any  part 
of  the  body  without  any  disturbances  referable  to  the  heart.  Some 
of  the  patients  died  a  sudden  and  unexpected  death.  In  such  cases, 
assuming  that  the  existence  of  a  primary  focus  is  known,  it  may  occa- 
sionally be  possible  to  form  a  guess  as  to  the  causes  which  ultimately 
bring  on  death;  but  a  diagnosis  is  out  of  the  question.  In  some  cases 
in  which  the  previous  clinical  picture  had  afforded  no  explanation  of 
the  morbid  process  whatever,  particles  of  tumor  or  portions  of  a  ruptured 
echinococcus-cyst  may  be  carried  away  and  lead  to  the  formation  of 
multiple  emboli,  but  even  in  these  cases  one  would  not  venture  to  do 
more  than  suggest  certain  possibilities. 

But  in  some  cases  parasites  or  tumors  may  produce  a  clinical  picture 
of  heart  disease.  Even  in  such  cases,  however,  the  disease  during  the 
patient's  life  will  often  be  confounded  with  more  common  and  frequent 
morbid  conditions.  And  quite  rightly,  too;  for,  imless  we  wish  to  in- 
dulge in  the  merest  guesswork,  we  must  hold  fast  to  the  principle  that 
in  an  individual  case  the  probabilities  are  more  in  favor  of  ordinary 
clinical  conditions  than  of  the  rarer  anomalies. 

Occasionally,  however,  it  is  possible  to  surmise  the  presence  of  one 
of  these  rare  conditions;  especially  when  the  symptoms  of  cardiac  insuffi- 
ciency are  present  and  the  phenomena  taken  as  a  whole  do  not  fit  any 
of  the  usual  clinical  pictures.  For  example,  a  tumor  or  a  parasitic  cyst 
may  obstruct  one  of  the, orifices  of  the  heart  only  at  certain  times  or 
only  in  certain  positions  of  the  body.  Or  the  enlargement  of  the  heart 
obviously  extends  only  in  one  direction  in  a  way  that  does  not  tally 
with  any  of  the  usual  morbid  states.  Or  marked  congestion  may  take 
place  in  the  distribution  of  one  vein,  while  other  portions,  which  ought 
also  to  be  aflfected  in  an  ordinaiy  case  of  cardiac  insufficiency,  escape 
altogether.  These  are  a  few  individual  possibilities,  and  there  are  niuner- 
oiis  others.  Nothing  is  gained  by  going  into  detail,  for  every  case  is 
different;  and  to  be  comprehensive  one  would  have  to  give  a  complete 
review  of  the  literature.  To  be  familiar  with  the  literature  is,  no  doubt, 
an  advantage;  but  what  is  more  valuable  to  the  physician  in  my  opinion, 
is  diagnostic  instinct,  which  is  simply  the  fixed  habit  of  carefully  and 
minutely  taking  into  consideration  all  the  signs  and  symptoms  referable 
to  the  heart,  the  circulation^  and  all  the  other  organs. 
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SYPHILIS  OF  THE  HEART, 

Syphilis  may  attack  any  portion  of  the  heart.  In  the  pericardium 
the  disease  produces  fibrous  inflammation  and  gummata;  the  blood- 
vessels may  be  attacked  by  syphilitic  endarteritis,  and  all  the  effects 
of  coronary  sclerosis  may  make  their  appearance.  The  lesions  of  the 
muscle  are:  first,  the  effects  of  the  vascular  disease;  second,  diffuse 
interstitial  inflammation  or  true  myocarditis;  and,  third,  gummata, 
which  vary  greatly  in  number,  size,  and  location.  Add  to  these  changes 
cicatricial,  verrucous,  and  gummatous  processes  in  the  endocardium, 
and  it  is  evident  that  a  great  variety  of  disturbances  are  possible. 

Disease  of  the  blood-vessels  and  of  the  muscle  is  decidedly  more 
important  and  more  frequent  than  any  other.  Any  one  of  the  changes 
may  occur  by  itself.  In  the  case  of  arteritis  this  is  readily  understood, 
since  death  may  result  before  the  effect  of  the  disease  has  had  time  to 
show  itself  in  the  muscle.*  Formations  of  gummata  and  interstitial 
myocarditis  may  also  occur  independently;  but,  of  course,  the  combiruz- 

♦  See  Kockel's  case. 
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tion  of  all  these  processes  is  what  we  observe  most  frequently,  especially 
the  association  of  arteritis  and  myocarditis.  Diseases  of  the  endocar- 
dium and  pericardium  are  generally  secondary  and  dependent  on  the 
muscular  disease;   they  practically  never  occur  alone. 

In  chronic  fibrous  myocarditis,  which  may  occur  alone  or  not  infre- 
quently accompanies  gummata  in  the  muscular  wall,  large  portions  of  the 
ventricular  walls  may  undei^o  connective-tissue  degeneration.  This 
may  cause  bulging  of  the  wall,  so-called  aneurysm  of  the  heart,  exactly 
as  in  simple  myocarditis  or  as  the  result  of  coronary  sclerosis.  Such 
an  aneurysm  or  diseased  spot  in  the  auricular  wall  is  liable  to  rupture 
and  cause  fatal  hemorrhage. 

Syphilis  also  frequently  attacks  the  blood-vessels  of  the  body,  particu- 
larly the  arteries.  Syphilitic  disease  of  the  beginning  of  the  aorta  should 
be  specially  mentioned  in  this  connection;  for,  owing  to  the  constriction 
or  occlusion  of  the  orifices  of  the  coronary  arteries,  the  condition  mani- 
fests itself  chiefly  by  heart  S3rmptoms.  Like  ordinary  sclerosis,  syphilitic 
aortitis  may  proiduce  all  the  effects  of  occlusion  of  the  coronary  arteries, 
especially  severe  attacks  of  angina  pectoris  and  sudden  death. 

Syphilis  of  the  heart  is  certainly  not  frequent.  But  whether  it  is 
as  rare  a  disease  as  would  appear  from  some  statistics  on  the  subject 
seems  to  us  more  than  doubtfiil.  The  diagnostic  difficulties  are  exceed- 
ingly great;  for,  so  far  as  I  can  see,  the  only  condition  that  is  absolutely 
characteristic  of  syphilis  in  a  cardiac  process  is  the  formation  of  gummata. 
As  for  the  remaining  forms  of  endocarditis,  myocarditis,  and  pericarditis, 
as  well  as  arteritis,  which  unquestionably  occur  in  syphilis,  their  origin 
cannot  be  seen.  Hence  it  is  lai^ely  a  matter  of  choice  on  the  part  of  the 
observer  whether  and  to  what  extent  processes  which  occur  in  notorious 
syphilitics  and  are  not  characteristic  shall  be  r^arded  as  specific  or  not, 
and  statistics  in  regard  to  the  frequency  of  syphilitic  processes  in  the 
heart  are,  therefore,  bound  to  vary.  For  the  same  reason  the  diagnosis 
is  equally  difficult  at  the  bedside,  as  Curschraann  has  so  clearly  shown.* 
If  even  the  pathologist  is  not  always  able  to  tell  us  positively  whether 
inflammatory  processes  in  the  heart  are  directly  due  to  syphilis  or  not, 
how  are  we  clinicians  to  know? 

It  is  true  that  the  effect  produced  by  certain  drugs  affords  some 
information.  I  am  perfectly  ready  to  admit  that  mercury  and  iodin 
in  themselves  may  act  on  the  circulatory  organs.  Mercury  often  causes 
a  marked  increase  in  the  excretion  of  urine,  and  in  that  way  alone  its 
services  to  the  circulation  are  most  valuable.  The  value  of  iodin  in 
arteriosclerosis,  and  especially  coronary  sclerosis,  is  constantly  gaining 
more  and  more  recognition.  Nevertheless,  the  fact  that  in  the  cases 
reported  by  Curschmann  the  administration  of  these  two  drugs  was 
promptly  and  unquestionably  followed  by  the  disappearance  of  severe 
cardiac  symptoms  leaves  no  doubt  of  the  specific  nature  of  the  funda- 
mental disturbances.  Hence  the  effects  of  treatment  retrospectively 
afford  very  valuable  data,  which,  if  properly  interpreted,  enable  us  to 
determine  whether  cardiac  symptoms  are  syphilitic  or  not.  But  in 
proportion  as  the  remedy  is  efficacious  the  scope  of  pathologic  anatomic 
investigation  is  necessarily  restricted,  and  thus  the  extension  of  our 
knowledge  in  this  field  meets  with  certain  not  inconsiderable  obstacles. 
The  same  is  true  of  the  ner\^ous  system.  Owing  to  the  lack  of  post- 
mortem observations,  especially  in  the  milder,  curable  diseases  and  in 

'^Curschmann,  '^Arbeiten  aus  der  medicinischen  Klinik  zu  Leipzig/'  1893. 
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recent  cases^  our  knowledge  of  the  anatomic  changes  underlying  a  number 
of  clinical  conditions  is  in  many  respects  imperfect. 

S3rphilitic  disease  of  the  heart  usually  occurs  late^  say  from  six  to 
ten  years  after  infection — at  least  in  most  cases  of  the  disease.  Excep- 
tions have,  of  course,  been  observed,  just  as  we  know  that,  for  reasons 
which  for  the  present  we  do  not  quite  comprehend,  tertiary  phenomena 
sometimes  occur  very  early. 

How  often  it  happens  during  the  so-called  secondary  period  of  the 
disease  that  the  heart  becomes  involved  in  the  syphilitic  process  suffi- 
ciently to  give  one  the  right  to  speak  of  a  cardiac  disease,  cannot  as  yet 
be  decided.  After  Foumier  had  called  attention  to  these  matters^ 
Grassmann  examined  a  number  of  S3rphilitic  individuals  during  the 
secondary  period,  and  Mracek  (see  p.  389  of  his  work)  also  discussed  the 
symptoms  referable  to  the  circulation  which  occur  during  the  secondary 
period.  For  obvious  reasons  there  is  a  total  lack  of  anatomic  data, 
while  from  a  clinical  standpoint  the  s3rmptoms  are  very  much  like  those 
which  occur  in  other  infectious  diseases.  In  accordance  with  the  scope 
of  this  work  I  have  dealt  with  these  symptoms  only  in  so  far  as  they  are 
due  to  pronounced  changes  in  the  heart,  and  for  that  reason  shall  not 
discuss  the  condition  of  the  circulatory  organ  during  the  secondary  period 
of  S3rphilis. 

Specific  disease  of  the  heart  occurs  also  in  congenital  syphilis.  Virchow, 
Kantzow,  and  Mracek  describe  such  cases,  but  they  may  be  omitted 
from  a  clinical  description  because  nothing  is  known  as  yet  in  regard 
to  the  symptoms. 

In  studying  the  clinical  phenomena  of  syphilis  of  the  heart  it  will  have 
to  be  shown  what  S3miptoms  are  produced  by  gummatous  processes 
and  how  inflammation  of  the  heart  muscle  and  coronary  arteries  caused 
by  the  poison  of  syphilis  can  be  distinguished  from  inflammations  due 
to  other  causes. 

Gummata  may  run  their  course  without  producing  any  symptoms, 
and  ultimately  bring  on  sudden  and  unexpected  death.  In  syphilis, 
as  in  the  case  of  other  tumors  of  the  heart,  it  is  not  a  very  rare  occurrence 
for  persons  who  have  never  complained  of  any  cardiac  symptoms  to 
die  a  sudden  death;  in  such  cases  one  or  several  gunmiata  are  found 
in  the  heart  at  the  autopsy.  It  is  astonishing  how  man}^  cases  of 
sudden  and  unexpected  death  are  reported  in  the  literature  of  heart 
syphilis. 

But  the  growth  of  gunmiatous  neoplasms  in  the  heart  may  cause 
distinct  s3rmptoms  even  during  life,  and  these  S3rmptoms  are  essentially 
the  same  as  those  which  are  produced  by  diffuse  syphilitic  processes  in 
muscle.  A  priori  the  latter  do  not  differ  essentially  from  the  sjrmp- 
toms  of  other  chronic  diseases  of  the  muscle  or  those  produced  by  cor- 
onary sclerosis. 

Irregularity  and  inequality  of  the  heart  action,  acceleration  or  slowing 
of  the  pulse,  dilatation  of  one  or  both  ventricles,  with  systolic  murmurs 
at  the  apex  or  at  the  base — all  these  symptoms  are  p<)ssible.  The  func- 
tional capacity  of  the  ventricles  may  be  impaired  in  any  conceivable 
degree,  from  the  faintest  diminution  of  force  to  the  well-known  picture 
of  ordinary,  well-marked  cardiac  insufficiency. 

The  objective  signs  are  very  frequently  accompanied  by  subjective 
S3nnptoms,  such  as  palpitation,  pressure  on  the  chest,  oppression,  a 
sense  of  anxiety,  and  pain,  going  on  to  a  fully  developed  attack  of  true 
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angina  pectoris.'    Paroxysms  of  cardiac  asthma  may  also  occur  early 
in  the  disease  and  may,  indeed,  be  among  the  first  s3miptoms.* 

Diagnosis. — It  appears,  therefore,  that  heart  syphilis  presents  the 
well-known  and,  unfortunately,  ambiguous  phenomena  of  chronic  dis- 
turbance of  the  muscular  function  of  the  heart.  How  and  under  what 
circumstances  is  it  possible  in  a  given  case  to  recognize  the  syphilitic 
nature  of  such  phenomena?  The  anatomic  difBculties  have  already 
been  pointed  out,  and  the  clinician  is  baffled  by  the  fact  that  the  presence 
of  gummata,  which  alone  renders  the  diagnosis  positive,  cannot  be 
recognized  during  the  patient's  life. 

llie  most  significant  feature  is  the  rather  sudden  development  of 
cardiac  disturbances  in  persons  known  to  be  syphilitic,  either  unaccom- 
panied by  any  characteristic  phenomena  or  in  association  with  distinct 
syphilitic  symptoms,  such  as  changes  in  the  skin,  the  mucous  membranes, 
the  bones,  or  the  liver.  In  such  cases  there  is  at  least  a  possibility  that 
the  heart  has  been  damaged  by  the  same  influences,  and  this  possibility 
becomes  a  probability  when  all  other  causes  for  the  occurrence  of  a 
cardiac  affection  are  wanting.  But  the  greatest  caution  is  necessary 
in  deciding  this  question  "of  the  absence  of  other  causes";  for  of  the 
two  conditions  which  are  unquestionably  the  most  important  in  the 
differential  diagnosis, — coronary  sclerosis  and  simple  chronic  myocar- 
ditis, which  has  been  described, — the  former  is  very  frequent  and  the 
latter  is,  to  say  the  least,  not  a  rare  disease;  and,  as  has  been  shown 
in  the  respective  sections,  it  is  always  difficult  in  such  cases  to  find  an 
adequate  cause.  Nevertheless,  we  do  know  something  about  the  etiology, 
esp)ecially  the  conditions  that  are  apt  to  lead  to  coronary  sclerosis.  If 
a  s3rmptom  which  points  to  disease  of  the  coronary  vessels  with  some 
degree  of  probability,  as,  for  example,  a  t3rpical  attack  of  stenocardia, 
occurs  in  an  individual  in  whom  the  existence  of  ordinary  coronary 
sclerosis  would  at  least  excite  surprise, — as,  for  instance,  a  young  man, 
and  especially  a  young  woman, — such  an  occurrence  might  suggest 
syphilis  of  the  heart  or  blood-vessels.  I  am  well  aware  of  the  fact  that 
diseases  of  the  arteries  are  encountered  more  and  more  frequently  among 
young  individuals,  probably  because  the  conditions  of  life  are  becoming 
more  and  more  complicated.  Nevertheless,  such  a  discovery  cannot 
help  causing  surprise  and  gives  a  definite  direction  to  the  physician's 
thoughts  if  there  is  any  possibility  of  syphilis  in  the  case  or  the  signs  of 
the  disease  are  found.  The  most  painstaking  inquiry  into  the  history, 
a  certain  guessing,  and,  above  all,  a  minute  examination  of  the  entire 
body  are,  of  course,  the  most  essential  requisites  in  every  case.  Again, 
certain  reservations  must  be  borne  in  mind.  Thus  every  heart  symp- 
tom that  occurs  in  a  syphilitic  patient  need  not  be  of  luetic  origin;  nor, 
on  the  other  hand,  is  it  always  necessary  to  find  similar  changes  in  other 
oigans  in  every  case  of  heart  S3rphilis.  Nevertheless,  the  probability 
or  certainty  of  the  existence  of  syphilis  has  considerable  weight  in  the 
diagnosis.  One  should  be  very  careful  before  assuming  that  syphilis 
is  "impossible. " 

In  cases  of  pronounced  syphilis  one's  suspicions  should  be  aroused 
by  apparently  quite  insignificant  symptoms,  such  as  palpitation  and 
change  of  rhythm,  for  a  study  of  the  literiature  shows  distinctly  that 
persons  who  die  a  more  or  less  sudden  death  and  whose  hearts  at  autopsy 

*  Compare  Rosenfeld,  "Medicinisches  Gentralblatt  des  Wilrttembergischen 
firztlichen  Vereines,"  1882,  vol.  lii,  No.  38. 


672  DISEASES  OF  THE  MYOCARDIUM. 

present  syphilitic  and  especially  gummatous  changes,  had  previously 
suffered  from  slight  symptoms  of  the  same  kind.  When  the  patient's 
general  condition  is  not  suspicious,  the  present  tendency  is  to  regard  these 
symptoms  as  nervous  or  at  most  to  consider  the  existence  of  a  coronary 
sclerosis,  but  I  cannot  help  thinking  that  a  timely  diagnosis  in  these 
cases  might  do  a  great  deal  of  good. 

But  little  has  so  far  been  said  about  the  s3miptoms  of  the  heart  disease 
itself.  But  I  cannot  discover  that  these  sjonptoms  are  in  any  sense 
characteristic.  The  circumstances  accompanying  their  appearance  may 
possibly  point  to  a  special  origin,  and  in  this  connection  I  must  again 
refer  to  the  factors  which  indicate  disease  of  the  coronary  vessels. 

Any  deviation  in  the  clinical  picture  from  the  usual  type  must  receive 
special  attention.  Above  all,  I  would  urge  a  careful  examination  of  the 
abdomen,  especially  the  liver  and  spleen.  Syphilis  may  attack  the 
liver  at  the  same  time  as  the  heart;  it  is  not  only  possible,  but  indeed 
actually  occurs,  that  abdominal  symptoms,  such  as  ascites  and  enlarge- 
ment of  the  spleen,  are  more  prominent  than  any  others  in  the  clinical 
picture,  and  such  a  state  of  affairs  may  be  explicable  only  by  assuming 
some  special  disease  of  the  liver.  The  latter  would  support  the  assump- 
tion of  sj^hilis,  especially  when  palpation  of  the  liver  yields  characteristic 
signs. 

Although  it  was  said  above  that  chronic  myocarditis  and  coronary 
sclerosis  are  the  conditions  most  easily  mistaken  for  syphilis  of  the  heart, 
the  differential  diagnosis,  nevertheless,  must  include  all  other  disturb- 
ances of  the  heart  muscle,  such  as,  for  example,  dilatation  produced  by 
muscular  exertion.  It  is  evident  that  the  decision  may  be  exceedingly 
difficult,  not  to  say  impossible,  in  an  individual  who  is  known  to  have 
syphilis,  if  he  develops  cardiac  disturbances  as  a  result  of  severe  bodily 
exertion.*  It  is  to  be  remembered  in  this  connection  that  infectious 
diseases  in  themselves  not  infrequently  impair  the  resisting  power  of 
the  heart,  and  for  that  reason  cardiac  disturbances  of  various  kinds 
are  especially  apt  to  occur  in  sjqjhilitic  individuals. 

Treatment. — Owing  to  the  difficulty  and  uncertainty  of  diagnosis 
it  is  not  easy  to  make  up  one's  mind  whether,  and  if  so,  when,  to  begin 
active  antisyphilitic  treatment.  In  view  of  Curschmann's  observations 
I  would  strongly  advise  that  if  there  are  any  positive  indications  to 
suggest  the  probable  existence  of  heart  sj^hilis, — an  absolutely  positive 
diagnosis  is  practically  always  out  of  the  question, — not  to  wait  too  long 
before  putting  the  patient  on  a  mixed  treatment  of  mercury  and  potas- 
sium iodid.  Whether  digitalis  shall  be  given,  either  at  the  same  time 
or  before  antisyphilitic  treatment  is  begun,  must,  of  course,  be  decided 
on  the  merits  of  the  individual  case;  it  depends  solely  on  the  functional 
power  of  the  heart.  Whenever  it  is  possible  and  the  delay  is  justifiable, 
it  is  better,  in  my  opinion,  not  to  give  digitalis,  because  by  withholding 
the  drug  there  is  a  better  chance  of  clearing  up  the  diagnosis,  which  is 
such  a  great  advantage  later  on.  It  is  needless  to  say,  however,  that  one 
should  not  run  any  risk  on  this  account. 

There  need  be  no  hesitation  about  administering  mercury  and  iodin 
even  when  the  patient's  condition  is  grave;  for  we  are  now  able,  under 
all  circumstances,  to  give  both  these  drugs  without  doing  harm,  and, 
besides,  it  has  already  been  pointed  out  that  both  these  substances  have 

*  Rosenthal,  "Deutsche  medicinische  Wochenschrift,"  1897  (No.  9),  Vereins- 
beilage,  p.  57. 
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a  favorable  influence  on  the  circulatory  apparatus.  For  administering 
mercury  I  advise  inunctions  of  gray  ointment,  4  to  5  gm.  (1  to  1 J  dr.). 
Potassium  iodid  may  be  given  about  two  or  three  times  a  day  in  the 
dose  of  1  gm.  (15  gr.).  In  urgent  or  obstinate  cases  larger  doses  of  both 
remedies  may  be  required. 

Prognosis. — If  antisyphilitic  treatment  is  instituted  early,  there 
is  some  prospect  that  the  prognosis  of  heart  syphilis  may  improve  in 
the  future.  In  fact,  this  is  already  borne  out  by  some  clinical  observa- 
tions. The  reason  why  the  prognosis  has  usually,  in  the  past,  been 
regarded  as  hopeless  probably  is  that  S3rphilis  of  the  heart  was  practically 
known  only  through  autopsy  reports.  As  we  know  from  our  experi- 
ence with  the  other  organs  of  the  body,  antis3rphilitic  treatment  is  of 
no  avail  when  begun  very  late  because  the  effect  of  the  drug  is  exerted 
against  large  masses  of  parench3niia  which  have  been  destroyed  and  are 
no  longer  capable  of  regeneration. 
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DISEASES  OF  THE  HEART  OCCURRING  AS  THE  RESULT  OF 
ARTERIOSCLEROSIS. 

Owing  to  its  great  frequency,  arteriosclerosis  has  an  extraordinary 
claim  on  the  physician's  attention  and  is,  of  course,  discussed  at  length  in 
a  separate  section  in  [the  original  of — ^Ed.]  this  system.  Nevertheless^ 
we  cannot  help  devoting  a  section  to  it  here,  for  no  other  pathologic 
process  is  so  frequently  ttie  direct  or  indirect  cause  of  functional  disturb- 
ances of  the  heart  muscle. 

But  our  treatment  of  the  subject  must  necessarily  be  more  or  less  in- 
complete. Chronic  arteritis  usually  involves  the  entire  body;  the  morbid 
S3rmptoms  to  which  it  gives  rise  have  their  origin  in  all  the  various  organs 
and  exhibit  the  greatest  imaginable  variety.  As  we  have  been  intrusted 
only  with  the  discussion  of  matters  relating  to  the  heart  muscle,  we  can 
only  present  certain  portions  of  the  entire  picture  of  arteriosclerosis. 
Here,  again,  we  meet  with  special  difficulties,  chiefly  didactic.  Arterio- 
sclerosis may  affect  the  heart  in  one  of  three  ways:  First,  through  the 
structural  alterations  in  the  entire  valvular  tract  and  the  changes  in  the 
blood-current;  second,  through  disease  of  the  coronary  and  renal  vessels; 
third,  through  sclerotic  valve  lesions,  especially  of  the  semilunar  valves  of 
the  aorta,  and,  much  more  rarely,  of  the  mitral  leaflets.  The  third  factor 
is  beyond  our  province,  because  the  discussion  of  valve  lesions  has 
been  undertaken  by  our  colleague,  v.  Jlirgensen,  and  because  it  is  impos- 
sible, for  many  reasons,  to  separate  sclerotic  from  the  endocarditic  valve 
lesions.  Similar  difficulties  are  encountered  in  sclerosis  of  the  renal 
vessels. 

There  remain  for  discussion,  therefore,  the  influence  of  general  end- 
arteritis on  the  heart  and  disease  of  the  coronary  arteries.  Each  of  these 
conditions  produces  a  great  variety  of  S3anptoms,  almost  any  one  of 
which  may  occur  by  itself.  On  the  other  hand,  however,  any  one  symptom 
may  be  combined  with  any  other;  and  the  number  of  possible  combina- 
tions, as  well  as  the  number  of  symptom-complexes  that  actually  occur, 
is  astonishing.     Almost  every  patient  presents  some  special  feature. 

In  order  to  find  one's  way  through  such  a  maze  of  morbid  phenomena 
the  essentials  of  the  disease  must  be  firmly  kept  in  mind.  On  this  point 
some  preliminary  remarks  appear  to  be  called  for. 

Observations  on  the  Pathogenesis  and  Pathologic  Anatomy  of 
Diseases  of  the  Heart  Due  to  a  General  Arteriosclerosis. — Althou^ 
we  cannot  give  a  full  description  of  the  pathology  and  etiology  of  arterio- 
sclerosis, we  shall  have  to  touch  upon  one  or  two  questions  belong- 
ing to  each  of  these  subjects.  Since  we  are  exclusively  interested  in 
the  heart,  the  first  question  that  suggests  itself  is:  What  is  the  effect  of 
general  arteriosclerosis  on  the  heartf  Many  views  are  possible.  A  sderotic 
artery  is,  in  general,  less  elastic  [i.  c,  less  capable  of  stretching,  more 
rigid — Ed.]  than  an  artery  with  a  healthy  wall;*  hence  the  blood,  as  it 
flows  into  the  vessel,  meets  with  increased  resistance.  Whether  an 
increase  in  the  labor  of  the  heart  can  be  attributed  to  the  greater  rigidity 
of  the  vessel-walls  will  depend  on  the  extent  and  distribution  of  the  rigidity 
in  the  individual  case.  If  the  hardening  process  has  attacked  so  many 
arteries  that  the  increased  resistance  due  to  the  greater  rigidity  can  no 

*  Compare  Polotebnow,  "Berliner  klinische  Wochenschrift,"  1868,  No.  35. 
Israel,  "Virchow's  Archiv,"  vol.  ciii,  p.  461. 
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longer  be  equalized  by  dilatation  of  other  arterial  r^ons;  or,  if  arterio- 
Bclerofiis  attacks  arteries  which,  owing  to  the  extent  of  the  capillary 
region  supplied  by  them,  have  a  controlling  influence  on  the  pressure  and 
quantity  of  blood  in  the  vascular  system,  die  effect  of  the  arteriosclerosis 
simply  is  to  throw  a  greater  strain  on  the  left  ventricle,  on  account  of  the 
altered  condition  of  the  vessel-walls  and,  if  this  extra  demand  is  met,  to 
produce  hypertrophy — in  other  cases,  dilatation. 

Under  Romberg's  direction  Hasenfeld  settled  these  matters  by  means 
of  a  careful  investigation.*  For  reasons  that  everybody  knows  cardiac 
hypertrophy  is  found  chiefly  after  disease  of  the  intestinal  arteries.  Scle- 
rosis of  the  first  portion  of  the  aorta  also  influences  the  work  of  the  heart.. 
The  vessels  of  the  brain  and  extremities  are  without  any  influence.  Only 
the  leftl^rt  becomes  hypertrophic  as  a  result  of  arteriosclerosis. 

In  view  of  the  great  frequency  of  arteriosclerosis  it  ^  to  be  hoped  that 
these  observations  will  be  still  further  extended.  In  fact,  such  further 
observations  are  rendered  absolutely  necessary  by  the  extraordinary 
variety  of  the  pathologic  processes  and  oiganic  diseases  produced  by 
arteriosclerosis. 

In  the  foregoing  it  baa  been  assumed  that  a  diseased  artery  is  more  rigid  than  a 
sound  artery.  This  is  un(juestionably  true  in  certain  definite  anatomic  processes, 
but  the  available  observations  are  extremely  scanty,  and  so  many  different  lesions 
occur  in  the  vessel-wall  (new  formation,  disappearance  of  connective  tissue  and 
elastic  fibers,  fattv  changes,  calcareous  deposits,  ulcers)  that  general  statements 
must  be  made  witn  great  caution,  for  it  is  possible  that  the  effect  on  the  degree  of 
elasticity  of  the  wall  mav  be  quite  different  in  different  cases.  This  question  cannot 
be  settled  by  surmises,  but  requires  careful  observations;  and  these  we  must  have. 

It  is  important  to  distinguish  between  the  strength  of  the  elasticity  and  the 
completeneaa  of  elasticity  (perfect  dastidty)  in  speaking  of  diseased  arterial  walls;  in 
sclerotic  vessels  the  elasticity  is  in  many  cases  at  least  diminished.  This  should  cause 
dilatation  of  the  diseased  arteries,  and  the  effect  on  the  blood-current  should,  there- 
fore, be  quite  different  from  the  effect  produced  by  hardening  of  the  wall.  But, 
as  the  very  important  investigations  of  Thoma  have  taught  us,  vea|el-wallg Jm  yj^ld-. 
ing  to  the  pressure  of  the  blood  suffer  an  alteration  in  their  structure.  Hence  in' 
attempting  to  answer  the  question  how  the  blood-current  behaves  in  sclerotic  arter- 
ies, the  conditions  encountered  are  found  to  be  most  complicated;  ^nd,  first  of  all, 
minute  investigations  of  all  the  physical  properties  of  dis^u^d  vessels,  such  as  have 
already  been  begun  in  the  case  of  normal  tissues,  are  urgently  needed. fl 

Among  the  vessels  which  influence  the  action  of  the  heart  when  their 

t  become  altered  the  rpg^jirtenes  occupy  a  peculiar  position.    It  is\  q 
vely  known  that  many  forms  of  chronic  inflammation  of  the  kidneys  \  f 
extreme  hypertrophy  not  only  of  the  left  ventricle  but  of  the  right  I  ( 
icle,  and  both  auricles  as  well.    In  addition,  sclerosis  of  the  renal  / 
es  often  leads  to  disease  of  the  kidney  itself,  which  in  many  respects 
resembles  nephritis,  and  the  thought,  therefore,  naturally  suggests  itself 
that  changes  in  the  renal  arteries  on  that  accoimt  also  have  a  special 
influence  on  the  action  of  the  heart.    But  before  this  point  can  be  settled, 
further  clinical  and  pathologic  observations  are  needed. 

In  renal  diseases  the  problem  is  extraordinarily  complicated  because  in 
many  forms  of  nephritis,  especially  in  a  number  of  cases  of  contracted 
kidney,  it  is  as  yet  impossible  to  decide  what  relation  exists  between  disease 
of  the  parenchyma  and  Hisftn^ft  of  the,  renal  vessels.  Similar  conditions, 
as  we  know,  nave  an  important  bearing  on  the  occurrence  of  cardiac  hyper- 


l 


♦Hasenfeld,  "Archiv  flir  klinische  Medicin,"  vol.  lix,  p.  193. 
t  Compare  Triepel,  "Merkel-Bonnet's  anatomische  Hefte,"  vol.  x,  i,  p.  1;  vol. 
ziv,  p.  315. 
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trophy  in  many  different  kinds  of  Bright's  disease  and  have  repeatedly 
been  utilized  for  explaining  this  hypertrophy.  According  to  competent 
observers,  the  central  fact  is  a  general  change  in  the  arteries  which  is 
probably  identical  with  sclerosis,  or  at  least  resembles  it  very  closely,  and 
either  precedes*  the  renal  affection  or  is  dependent  upon  it.f  We  cannot, 
of  course,  enter  minutely  into  these  matters  ;iit  must  be  mentioned,  how- 
ever, that  many  cases  of  cardiac  hypertrophy  associated  with  arteriosclero- 
sis are  in  part  at  least,  due  to  concomitant  disease  of  the  kidney.^  In  such 
a  case  the  relations  between  the  various  morbid  processes  may  be  conceived 
in  a  variety  of  ways.  (Thus,  the  nephritis  may  have  been  produced  by 
disease  of  the  vessels,  but,  nevertheless,  itself  exerts  a  peculiar  influence  on 
the  circulation  (arteriosclerotic  contracted  kidney?).  Or  the  nqphiitis 
may  be  primary  and  the  change  in  the  arteries  secondary  (genuine  con- 
tracted kidney?).  | 

First,  I  wish  to  point  out  a  special  reason  that  renders  the  discussion  of  these 
things  extremely  difficult;  it  is  the  complicated  character  of  the  etiologic  conditions. 
Many  of  the  factors  which  we  are  in  the  nabit  of  including  among  the  possible  causes 
of  arteriosclerosis  are  also  capable  of  injuring  the  kidneys,  and,  above  all,  as  appears 
from  the  preceding  sections,  they  have  a  direct  influence  on  the  heart.  The  excessive 
indulgence  in  alcoholic  beverages,  particularly  when  combined  with  the  ingestion  of 
large  quantities  of  food,  tobacco,  coffee,  and  with  bodily^  exertion,  aooordinff  to  our 
present  views,  influence  the  kidneys  as  well  as  the  arteries,  and  also  affect  tne  work 
of  the  heart.  That  is  why  these  factors  are  so  frequently  encountered  in  the  pre- 
vious  history  of  patients  suffering  from  vascular,  cardiac,  or  renal  changes,  and 
why  it  is  so  difficult  to  decide  what  etiologic  relationship  exists  between  the  various 
organic  diseases.  Again  and  again  I  have  emphasized  the  gr^t  importance  of  a 
combination  of  several  factors  in  the  causation  of  morbid  conditions  in  individual 
patients,  and  it  will  now  be  understood  why  it  is  so  comparatively  rare  to  find  an 
uncomplicated  clinical  picture  and  simple  pathologic  conoitions;  why  heart,  blood- 
vessels, and  kidneys  so  frequentlv  suffer  to&ether;  and  why  arteriosclerotic  diseases 
of  the  heart  and  aiseases  ot  the  kidney  with  their  sequelse  cannot  always  be  strictly 
separated  in  practice  from  the  conditions  described  in  the  foregoing  sections.  TVe 
shall  advert  to  this  important  point  again  in  the  following  pages. 

Aside  from  the  fact  that  under  special  circumstances  the  disease  of  the 
arterial  wall  as  such  is  capable  of  increasing  the  work  of  the  heart  either 
directly  or  indirectly,  there  is  another  possible  view  in  r^ard  to  the  relations 
existing  between  general  arteriosclerosis  and  the  action  of  the  heart;  and 
this  view  is  closely  connected  with  the  causes  and  origin  of  the  vascular 
disease.  It  is  more  than  doubtful  whether  this  can  be  referred  to  a  single 
cause;  there  is  hardly  a  factor  that  has  not  l^een  r^arded  as  a  cause  of 
arteriosclerosis.  In  fact,  we  know  nothing  positive  except  that  the  action 
of  toxic  substances  and,  as  the  very  important  oteervations  of  Thoma  have 
shown,  distention  of  the  arterial  wall,  must  be  r^arded  as  important 
etiologic  factors.  Of  course,  these  two  things  may  also  be  closely  related 
to  one  another. 

I  The  essential  thing  for  us  to  determine  is:  if  the  development  of 
/general  arteriosclerosis  is  in  fact  preceded  by  distention  of  the  vessel-walls, 
I  to  what  must  this  distention  of  the  vessel-walls  be  attributed?  In  that 
lease  the  first  thing  in  the  whole  clinical  picture  must  be  an  obstruction  to 
Ithe  blood-current  in  the  smallest  arteries  or  capillyies  of  the  body,  that  is, 
la  general  increase  of  the  arterial  pr^sure. 

•  *Gull  and  Sutton,  "  Medico-chirurg.  Transactions,"  vol.  Ix.  Lanoereaux, 
" Dictionnaire  encydop.  des  sciences  m^dic,"  Art.:  "Rein,"  ser.  3,  vol.  iii.  p.  108. 
Cited  after  Edgren;  compare  Leyden,  ''Zeitschrift  fOr  klinische  Medicin,"  vol.  ii, 
p.  148. 

t  Senhouse  Kirkes,  "Medical  Times  and  Gazette,"  1855,  vol.  ii,  p.  516. 
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Such  an  increase  of  the  arterial  pressure  undoubtedly  occurs  as  the  result  of 
many  renal  diseases,  but  the  latter  can  b^  no  means  be  regarded  throughout  as  the 
ultimate  cause  of  arteriosclerosis.  For,  in  the  first  place,  it  has  been  mentioned 
that  in  nephritis  and  in  cases  of  simple  arteriosclerosis  different  parts  of  the  heart 
become  hypertrophied,  and,  in  the  second  place,  a  CTeat  many  arteriosclerotic  patients 
d^ng^gUltebiteHMM)4uiUi»- 

(I  We  are,  therefore,  forced  to  attribute  this  increase  in  the  pressure  to 
circulatorv  processes  which,  so  far,  have  entirely  escaped  our  apprehension. 
This  hypothesis,  which  is  defended  by  Traube  and  Hu chard,  is  in  many 
respects  very  attractive  because  it  views  diseases  of  the  blood-vessels  and 
of  the  heart,  as  well  as  the  renal  changes  with  which  we  are  dealing 
(arteriosclerotic  contracted  kidney),  from  a  common  standpoint, — that 
of  obstruction  to  the  circulation  in  the  small  arteries, — and  assumes  that 
the  former  are  coordinate  phenomena  produced  by  the  latter. 

II  But  on  examining  the  question  more  closely  we  encounter  a  great  many  diffi- 
culties. In  the  first  place,  if  an  increase  in  the  pressure  really  precedes  every  form 
of  arterial  disease,  to  what  are  we  to  attribute  this  increase  in  pressure?  Spasm 
of  the  smaller  arteries,  either  of  all  the  smaller  arteries  or  at  least  those  of  the  splanch- 
nic region,  is  quite  conceivable.  Such  a  spasm  need  not  be  severe,  since  the  cross- 
section  of  the  vessels  is  in  the  fourth  power  in  the  formula  for  the  work  of  the  heart. 
But  the  spasm  would  have  to  be  continuous,  and  we  shall  hardly  venture  to  assume 
a  permanent  tonic  contraction  of  the  smaller  vesselsl  So  far  as  I  know,  such  a  phe- 
nomenon would  be  without  example,  and,  therefore,  the  promoters  of  the  theory 
would  find  themselves  forced  not  only  to  maintain,  out  to  prove,  that  such  is  the 
case.  This  question  leads  to  discussions  ouite  similar  to  those  which  have  taken 
place  on  the  explanation  of  renal  hypertropny  of  the  heart. 

Our  judgment  of  this  matter  would  largely  depend  on  the  behavior  of  the  heart 
in  detail.  After  wide-spread  arteriosclerosis  the  neart  may  be  free  from  any  sign 
of  hyi)ertrophy.  Can  this  mean  anything  else  except  that  arteriosclerosis  may 
devdop  without  any  increase  in  the  ai1;erial  tension? 

On  the  other  hand,  there  are  cases  of  chronic  hypertrophy  which,  according  to 
our  present  views,  are  directly  dependent  on  arteriosclerosis.  In  the  cases  of  this 
kind  hitherto  examined,  in  which  tne  technic  was  unexceptional,  only  the  left  ventri- 
cle was  found  to  be  thickened,  as  has  been  mentioned.  This  positively  indicates 
that  there  is  obstruction  in  the  greater  circulation.  In  nephritis,  ana  especially 
in  contracted  kidney,  a  condition  which  undoubtedly  is  closely  related  to  the  condi- 
tions with  which  we  are  now  dealing,  ftv^ry  pnr^jnn  nf  thp  heart,  including  the  auri- 
cles,* undergoes  hypertrophy.  This  can  only  mean  tliat  there  is  something  which 
increases  the  function  or — unless  we  persist  in  limiting  the  discussion  to  mechanic 
theories — the  nutrition  of  all  jHrrtums  of  the  heart  and  of  the  arteries. 

Whether  the  same  thing  is  not  true  in  many  cases  of  arteriosclerosis  has  not. 
in  my  opinion,  been  definitely  settled.  A  good  many  more  observations  conductea 
according  to  Mtiller's  method  are,  as  we  have  already  seen,  most  urgently  needed. 
Clinically,  the  thought  of  some  connection  between  at^berial,  cardiac,  and  repfd 
changes  in  the  sense  of  general  disease  of  the  vascular  systeni  woum  appear  to  De  a 
happy  one.  To  explain  the  abnormal  resistance  in  the  circulation  the  same  causes 
which  were  elsewhere  mentioned  for  diseases  of  the  kidneyt  might  be  considered,  as, 
for  example,  the  increased  internal  friction  in  the  blood. 

But  tnis  whole  qfflition  reqUlF^  investigation.  Above  all ,  it  needs  to  be  decided 
whether  arteriosclerosis,  on  the  one  hand,  and  diseases  of  the  kidney,  on  the  other, 
always  cause  hypertrophy  of  different  portions  of  the  heart. 

One  thing  is  certain,  sclerosis  of  certain  vascular  regions  increases  the 
I  demand  on  the  left  ventricle  and  thereby  leads  to  hypertrophy  or  dilata- 
I  tion  of  the  ventricle,  depending  on  its  power  of  accommodation.  From 
I  the  following  it  will  be  seen  why  functional  weakness  of  the  heart  is  par- 
jticularly  apt  to  develop  in  association  with  arteriosclerosis. 

Remarks  on  the  Pathologic  Anatomy  of  Sclerosis  of  the  Coronary 

♦Rombergand  Hasenfeld,  "Archiv  ftir  klinische  Medicin,"  vol.  hx,  p.  193. 
tKrehl,  "Pathologische  Physiologic,"  p.  32. 
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Arteries. — Sclerosis  develops  in  the  arteries  of  the  heart  for  the  same 
general  reasons  that  cause  the  vascular  alteration  in  otiier  oigans.  Just 
why  the  coronary  vessels  are  attacked  must,  in  my  opinion,  for  the  present 
repiain  a  complete  mysterj;^. 

One  thing  may  perhaps  be  mentioned:  every  form  of  psychic  emotion  accom- 
panied by  a  marked  influence  on  the  action  of  the  heart,  especially  care  and  worry  ^ 
seems  to  favor  disease  of  the  coronary  vessels  to  a  marked  a^gree. 

The  sclerotic  process  impairs  the  blood-supply  of  the  heart,  and  this, 
in  turn,  is  followed  by  a  great  many  different  sequelse.  Wherever  the 
arteries  are  completely  occluded,  the  muscle-fibers  whose  nutrition  and 
gaseous  interchange  has  ceased  die  (Ziegler's  myomalacia  cordis*) — ^in 
this  sense  the  coronary  arteries  may  be  r^arded  as  end-arteries — their 
substance  is  gradually  removed  and  replaced  by  connective  tissue  which, 
at  first,  is  quite  cellular,  but  later  loses  many  of  its  cellular  elements. 
In  this  way  some  of  the  well-known  fibroid  patches  are  produced.  They 
Tary  in  size,  which  is  directly  dependent  on  the  order  of  the  occluded  artery. 

Old  scars  are  apt  to  become  the  seat  of  extensive  calcareous  deposits.  The 
entire  heart-wall  may  become  as  hard  as  stone^  and  it  is  difficult  to  understand 
how  the  muscle  can  contract  at  all.  This  condition  has  been  described  in  literature^ 
under  the  term  "osseous  heart/'  and  I  have  personally  seen  quite  a  collection  of 
«uch  specimens  in  the  possession  of  my  honorea  teacher,  Curschmann. 

It  is  extremely  difficult,  if  not  impossible,  to  estimate  the  functional 
value  of  the  fully  formed  connective  tissue.  It  unquestionably  depends 
on  the  size,  number,  and  location  of  the  foci;  for  the  conversion  of  a  laige 
portion  of  the  heart-wall  into  connective  tissue  cannot  help  influencing 
unfavorably  both  the  contractility  of  the  heart  and  its  power  to  expand. 
And  who  will  venture  to  deny,  in  the  present  state  of  our  knowledge  of  the 
structure  of  the  heart,  that  a  focus  of  degeneration  may  not  be  mudi  more 
harmful  in  one  place  than  in  another?  Nevertheless,  one  often  sees  hearts 
with  a  large  number  of  old  scars  in  which  the  functional  capacity  is  still 
relatively  quite  good. 

When  extensive  scars  occupy  a  circumscribed  portion  of  the  heart-wall, 
especially  the  apex, — ^more  rarely  other  portions  of  the  oiigan, — the  condi- 
tion may  lead  to  thinning  and  bidging,  or  so-called  aneurysm  of  the  heart.f 

In  itself  this  condition  has  no  more  pathologic  significance  than  large 
fibroid  patches  in  the  heart,  and  cannot,  of  course,  be  diagnosticated.  In 
rare  cases,  when  the  thinning  of  the  wall  attains  a  very  high  degree,  rupture 
takes  place  with  all  the  symptoms  of  rapid  accumulation  of  fluid  in  the 
pericardial  space. 

A  deficiency  in  the  blood-supply  of  living  muscle-fibers  has,  in  my 
opinion,  much  greater  functional  significance.  This  condition  occurs  from 
narrowing  of  the  coronary  arteries  or  their  branches,  and  during  the  pro- 
duction of  these  myomalacic  areas.  This  view  is  borne  out  by  numerous 
experiments  which  show  that  in  animals  also  a  disturbance  of  the  heart 
action  is  most  easily  caused  by  changes  in  the  condition  of  the  cells. 

When  the  blood-supplv  of  individual  portions  of  the  heart  is  impaired  without 
being  completely  abolishea,  a  variety  of  different  chajoges  appears  m  the  muscle- 

*  For  the  literature  on  this  condition  and  its  causes  see  the  sections  on  Carditis 
and  Myocarditis. 

t  This  term,  as  at  present  used,  is  not  to  be  confounded  with  Ck>rvi8art's  accep- 
tation. The  great  French  physician  used  the  term  aneuryama  cordia  to  describe 
the  condition  which  we  now  call  dilatation. 
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fibers  of  the  diseased  area.  The  chief  of  these  are  the  so-called  granular  and  fatty 
degenerations,  which,  according  to  the  theories  prevailing  at  the  present  time, 
^adually  merge  into  complete  necrosis.  The  process  may  be  rapid  or  slow,  depend- 
ing, of  course,  on  the  changes  present  in  the  arteries:  and,  acoorcfin^y,  the  degenera- 
tions varv  in  distribution  ana  may  assume  many  aifferent  forms  m  individual  por- 
tions of  the  heart  at  the  same  time. 

There  is  no  doubt  whatever  that  those  biologic  processes  which  are 
associated  with  the  deficient  blood-supply  of  the  entire  heart  muscle  or 
some  of  its  portions  are  chiefly  responsible  for  the  production  of  the  symp- 
toms observed  in  coronary  sclerosis.  This  applies  to  the  sensory  as  well 
as  to  the  motor  symptoms.  Of  the  fact  itself  it  seems  to  me  there  can  be 
no  doubt;  but  with  regard  to  the  interpretation  or  explanation  of  the  con- 
nection between  the  clinical  and  the  anatomic  processes,  it  is,  in  my  opinion, 
difficult  to  formulate  hypothe 


The  sensory  symptoms  (angina  pectoris)  have  ahieady  been  described  on  p.  531. 
As  regards  the  disturbances  of  the  functional  power  and  of  the  action  of  the  heart, 
all  we  can  say  is:  we  know  that  both  are  caused  by  changes  in  the  condition  of  the 
musde-fibers,  such  as  accompany  inflammations,  degenerations,  and  a  sudden  im- 
pairment of  the  blood-supply. 

The  well-known  experiments  of  ligating  the  coronary  arteries,  which  will  be 
mentioned  later,  have  shed  some  lig^t  on  this  Question,  although  not  as  clear  a 
light  as  these  experiments  have  often  been  credited  with.  Experimental  occlu- 
sion of  coronary  vessels  frequently  injures  the  action  and  capacitv  of  the  heart, 
but  not  always;  and,  above  all,  does  not  rwilarly  produce  death  provided  the 
occluded  vessel  is  not  one  of  the  first  order  and  the  distortion  of  the  musde-fibers, 
which  is  so  apt  to  accompany  the  experiment,  is  carefully  avoided. 

These  results  of  animal  experimentation  agree  very  closdy  with  clinical  experi- 
ence. Not  infreauently  anemic  infarcts  of  considerable  size  are  found  which  must 
have  been  formed  more  or  less  suddenly  weeks  or  months  previously,  and  are  due 
to  occlusion  of  large  vessels.  Sometimes  the  historv  reveals  anginoid  symptoms, 
which  may  be  assumed  to  have  coincided  in  time  with  the  accident;  but  sometimes 
these  er^ptoms  are  wanting,  and,  at  ail  events,  it  is  found  that  the  accident  hap- 
pened long  before  the  patient's  death. 

The  most  important  factor  in  the  functional  impairment  of  the  myo- 
eardimn  when  the  bloodnsupply  is  deficient  is  the  disproportion  between 
the  degree  of  metabolic  activity  required  by  the  muscle  in  fvU  action  and 
the  degree  of  which  it  is  capable  in  disease  of  the  coronary  vessels.  On 
this  tlieory  it  is  easy  to  understand  why  the  insufficiency  increases  in 
proportion  as  the  demands  on  the  heart  are  increased.  This  point,  so  far 
as  it  applies  to  sensory  phenomena,  was  taken  up  in  the  discussion  of 
stenocardia. 

It  follows,  from  what  has  been  said,  that  any  one  who  attempts  to 
epitomize  the  changes  in  form  and  size  that  may  take  place  in  the  heart 
in  the  course  of  arteriosclerosis  must  be  prepared  to  find  the  greatest 
imaginable  variations.  Hypertrophy  of  the  left  ventricle  undoubtedly 
occurs,  although  it  does  not  usually  attain  a  very  high  degree. 

In  addition  we  have  functional  weakness  and  passive  dilatation  of 
various  portions  of  the  heart.  Both  conditions,  which,  as  a  rule,  are  due 
chiefly  to  coronary  sclerosis,  occur  in  a  great  variety  of  combinations  with 
hypertrophy.  On  the  other  hand,  dilatation  occurs  not  only  without 
thickening,  but  even  with  considerable  thinning,  of  the  wall.  The  latter 
occurs  when  the  arteriosclerosis  has  chiefly  or  exclusively  attacked  the 
coronary  vessels. 

If  the  coronary  disease  is  followed  by  a  progressive  destruction  of 
muscle-fibers;  if  nothing  develops  to  stimulate  the  myocardium  to  in- 
creased activity,  the  heart  may  attain  a  considerable  degree  of  atrophy  in 
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coronary  sclerosis.    Many  a  functionally  "weakened"  heart,  besides  being 
structurally  diseased,  is  absolutely  small  and  puny. 

Symptoms. — The  difficulty  of  giving  an  isolated  presentation  of  a 
portion  of  the  arteriosclerotic  symptoms,  which  has  been  hinted  at  above, 
at  once  makes  itself  felt  in  describing  the  symptomatology.  Our  province 
is  the  heart.  Heart  symptoms  caused  by  arteriosclerosis  may,  of  course, 
at  any  time  be  combined  with  symptoms  referable  to  other  oigans;  and, 
as  the  arterial  disease  may  attack  practically  all  the  other  oigans  of  the 
body,  it  is  found  that  the  symptoms  of  the  cardiac  disease  are  frequently 
associated  with  a  great  variety  of  other  processes.  To  get  over  this  diffi- 
culty we  shall  here  describe  only  the  symptoms  referable  directly  to  the 
circulation,  although,  for  diagnostic  reasons,  we  shall  be  obliged  to  men- 
tion some  facts  relating  to  the  kidneys.  Everything  else  the  reader  is 
requested  to  supply  himself. 

There  is,  however,  another  and  a  much  greater  difficulty,  namely,  to  give  such 
a  description  of  the  manifold  and  variously  combined  symptoms  caused  by  general 
and  by  coronary  sclerosis  as  will  absolve  us  from  the  criticism  either  of  adhering 
to  a  preconceived  scheme  in  defiance  of  nature  or  of  presenting  the  symptomatology 
in  an  utterly  irregular  and  unintelligible  way. 

Huchard,  whose  book  abounds  in  excellent  clinical  descriptions,  adopts  the  usual 
expedient  of  his  countrymen,  that  of  erecting  types.  Although,  for  many  reasons, 
I  am  unable  to  follow  him  in  all  the  details  of  ms  classification,  I  must  confess  that 
I  have  no  better  rule  of  action.  I  shall  first  try  to  describe  a  few  clinical  pictures, 
such  as  the  physician  often  sees,  and  then  proceed  to  explain  how  they  may  be  com- 
bined. 

Before  beginning  the  description  proper  of  the  clinical  phenomena, 
attention  must  be  called  to  the  fact  that  not  a  few  individuals  with  sclerosis 
of  the  peripheral  arteries  (as  we  know  from  clinical  observations),  as  well 
as  persons  with  sclerosis  of  internal  vessels  (as  we  know  from  our 
anatomic  experience),  present  no  cardiac  symptoms  whatever.  I  find 
no  difficulty  in  understanding  this;  for  it  follows  from  what  has  been  said 
above  (p.  674)  that  arteriosclerosis  exerts  its  influence  on  the  heart  only 
by  virtue  of  a  general  distribution  or,  if  the  process  is  local,  through  the 
agency  of  certain  vascular  regions,  particularly  the  thoracic  aorta  and  the 
splanchnic  and  coronary  vessels.  It  seems  fair  to  assume,  therefore,  that 
in  cases  of  arteriosclerosis  without  cardiac  sjonptoms  the  above  vascular 
regions  have  escaped  the  disease.  We  mention  the  occurrence  of  vascular 
disease  without  any  symptoms  referable  to  the  heart  partly  because  the 
fact  has  a  diagnostic  significance,  but  partly  also  because  of  its  great 
theoretic  interest.  For  how  can  we  reconcile  this  fact  with  the  theory  that 
arteriosclerosis  is  always  produced  by  a  general  increase  in  the  arterial 
pressure? 

In  a  number  of  arteriosclerotic  individuals  we  also  find  the  clinical 
symptoms  of  hypertrophy  of  the  left  ventricle,  associated,  as  a  rule,  with 
a  slight  degree  of  dilatation.  These  patients  are  usually  men  belonging 
to  the  wealthier  classes,  about  forty  years  of  age,  who  have  lived  well — as 
the  saying  is — in  every  respect  and  have  not  stinted  themselves  in  wine, 
beer,  plenty  of  animal  food,  and  other  articles  of  diet  that  are  usually  eaten 
at  the  same  time.  They  present  a  healthy  appearance,  have  florid 
complexions,  tinged,  it  is  true,  with  a  suspicion  of  cyanosis.  Not  infre- 
quently ,  indeed  usually ,  the  adipose  tissue  is  excessively  developed.  Some- 
times these  patients  have  no  subjective  symptoms  and  the  physical  signs 
are  discovered,  so  to  speak,  by  accident.  But  quite  often  their  efficiency 
is  impaired  in  every  way,  and  that  is  what  takes  them  to  the  physician. 
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There  may  also  be  dyspnea,  at  fiist  only  after  muscular  exertion.  This 
may  be  all;  but  on  careful  interrogation  other  symptoms  are  elicited: 
tendency  to  bronchial  catarrh,  peciQiar  dyspneic  conditions,  anxiety,  pain 
in  the  chest,  and  palpitation,  which  occur  either  without  any  provocation 
at  night  or  as  the  result  of  muscular  movements  which  had  been  previously 
performed  without  any  discomfort  whatever,  and  not  rarely  also  after  a 
copious  meal.  Severe  attacks  of  cardiac  asthma  or  angina  pectoris  are 
not  infrequently  present.  Quite  often  combinations  of  cardiac  asthma  with 
angina  pectoris  are  observed.  These  things  have  all  been  described 
in  detail  in  the  section  devoted  to  the  Sensory  Heart  Symptoms  (see  p. 
531). 

The  heart  in  these  patients  shows  all  the  signs  of  hypertrophy  and 
slight  dilatation  of  the  left  ventricle;  the  second  aortic,  and  sometimes  the 
second  pulmonic  as  well,  is  accentuated  and  usually  ringing  on  account 
of  sclerosis  of  the  aorta.  The  walls  of  the  arteries  in  the  head,  neck,  and 
arms  are  generally  hard  and  tortuous.  The  pulse  is  often  lai^e  and  always 
hard.  The  dicrotic  wave  is  frequently  situated  high  up  on  the  descending 
limb  of  the  sphygmographic  curve.  Irregularity  of  the  heart  action  is 
usually  due  to  sclerosis  of  the  coronary  arteries ;  but  it  would  be  altogether 
wrong  to  exclude  arteriosclerosis  because  of  the  absence  of  arhythmia. 

This  form  or  stage  in  the  cardiac  changes  brought  about  by  arterio- 
sclerosis is  unquestionably  much  more  common  in  lai^e  cities,  where  life 
is  luxurious,  than  in  the  country  and  in  places  where  there  is  less  so-called 
"culture."  It  is  certainly  more  than  an  accident  that  Traube,  Fraentzel, 
and  Huchard  from  their  consultation  practices  in  Berlin  and  Paris,  have 
given  us  so  many  descriptions  of  this  condition,  while  in  the  Policlinic  and 
in  the  public  hospitals  it  is  observed  comparatively  seldom;  but  I  believe 
it  is  too  early  as  yet  to  express  an  opinion  in  regard  to  its  frequency  in 
general.  For  although  in  these  cases,  owing  to  extension  of  the  boundaries 
of  the  lungs,  one  cannot  depend  on  the  heaving  character  of  the  apex-beat 
to  establish  the  diagnosis  of  hypertrophy  of  the  left  ventricle,  the  diagnosis 
was,  nevertheless,  and  still  is,  based  on  "the  heightened  tension  of  the 
arteries"  (to  use  Traube's  expression).  But  it  is  necessary  to  make  a 
technical  distinction  between  increased  tension  of  the  walls  of  the  vessels 
and  heightening  of  the  blood-pressure.  The  latter  must  be  permanent, 
to  be  used  as  an  indirect  argument  of  the  presence  of  cardiac  hypertrophy; 
for  increased  tension  of  the  vessel-walls  is  by  no  means  always  concerned  in 
its  production.  It  is  always  difficult  and  often  impossible,  to  distinguish 
between  increased  tension  of  the  vessel-wall  and  heightening  of  the  blood- 
pressure,  and  there  is  no  doubt  that  the  two  conditions  are  frequently  not 
differentiated  unless  a  special  eCFort  to  do  so  is  made.  Nevertheless,  I  do 
not  regard  it  as  proved  that  these  two  conditions  were  not  formerly  con- 
founded even  by  excellent  observers.  In  the  future  the  difficulty  will  be, 
at  least  in  part,  eliminated  by  the  use  of  instruments  for  determining  blood- 
pressure,  provided  the  estimation  is  made  with  the  proper  precautions. 
What  needs  to  be  done,  first  of  all,  is  to  investigate,  by  the  aid  of  this 
method,  the  frequency  of  this  form  of  arteriosclerotic  heart  disease  among 
as  large  a  number  of  patients  as  possible,  from  clinical  material  that  shall 
be  both  abundant  and  of  heterogeneous  composition. 

In  general  medical  practice,  however,  there  is  no  doubt  that  the 
symptoms  of  simple  dilatation  of  the  left  ventricle  without  hypertrophy 
are  much  more  frequent.  This  is  a  typical  and,  according  to  my  experience 
at  least,  an  extremely  frequent  clinical  picture.    The  patients  are  mostly 
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between  thirty  and  thirty-five  years  of  age  and  of  the  male  sex,  although 
cases  are  not  very  rare  among  women  and  among  young  persons  who  are 
still  in  their  early  twenties.    The  disease  attacks  individuals  of  every  social 
rank  and  every  variety  of  nutrition,  and  the  traditional  views  about  the 
cause  of  arteriosclerosis  often  leave  one  in  the  lurch  in  an  individual  case. 

As  a  rule,  the  patient's  first  complaint  is,  that  he  is  less  able  than  form- 
erly to  bear  the  strain  of  his  regular  work  and  of  life  in  general.  During 
bodily  and  mental  rest  he  feels  perfectly  well,  at  least  in  the  beginning  of  the 
trouble;  but  as  soon  as  he  exerts  himself,  and  sometimes  after  psychic 
emotion,  he  quickly  becomes  tired  and  short  of  breath  and  is  apt  to  suffer 
from  a  certain  sense  of  pressure  on  the  chest.  After  a  renewed  period  of 
rest  all  the  symptoms  disappear  and  the  patient  feels  perfectly  well,  al- 
though sometimes  various  sensory  disturbances  occur  spontaneously,  and 
at  night  the  patient's  rest  may  be  disturbed  by  sensations  suggesting 
cardiac  asthma  or  even  by  genuine  attacks  of  the  disease. 

The  physical  signs  are  equally  typical:  displacement  to  the  left  and 
sometimes  also  downward  of  the  apex-beat,  the  force  and  resistance  of 
which  are  only  moderate  or  even  diminished.  Unless,  as  frequently 
happens,  the  boundaries  of  the  lungs  are  enlarged  and  obscure  the  results 
of  percussion,  the  absolute  and  the  relative  heart  dulness  are  both  enlarged 
to  the  left.  The  sounds  are  either  altogether  unchanged,  or  the  first  sound 
at  the  apex  is  impure — ^that  is,  accompanied  by  an  adventitious  sound 
which  must  be  attributed  to  muscular  insufficiency  of  the  mitral  valve. 
The  second  aortic  sound  often  appears  to  be  somewhat  louder  than  normal, 
higher  in  pitch,  and  quite  often  ringing;  but  it  must  always  be  remembered 
that  this  ringing  quality  of  the  second  sound  has  hardly  anything  to  do 
with  increased  pressure  in  the  aorta,  being  probably  caused  by  local 
changes  in  the  vessel-wall.  The  peripheral  arteries  referred  to  above  are 
tortuous,  and  the  walls  in  places  are  sclerosed.  In  not  a  few  cases  the 
patients  complain  of  the  same  subjective  symptoms,  although  examination 
of  the  heart  shows  not  the  slightest  abnormality;  the  apex-beat  is  normal, 
the  size  of  the  heart  and  the  sounds  are  not  altered.  Nothing  but  careful 
palpation  of  the  vessels  reveals  the  origin  of  the  trouble.  This  is  not 
difficult  to  understand,  for  there  is  no  reason  whatever  why  hypertrophy 
should  occur.  Dilatation  does  not  develop,  because  no  great  demands 
are  made  on  the  heart,  and  even  the  sounds  at  the  base  are  found  unchanged 
because  the  wall  of  the  ascending  aorta  in  these  cases  is  evidently  not 
diseased.  The  subjective  symptoms  are  explained  by  the  reduction  in 
the  strength  of  the  heart  which  renders  it  incapable  of  meeting  the  demands 
made  upon  it. 

Renal  symptoms  are  not  infrequently  present  in  patients  of  both  these 
groups.  1  do  not  here  refer  to  passive  renal  congestion,  which  frequently 
develops  when  the  right  ventricle  is  weak;  I  refer  to  the  association  with 
well-known  forms  of  renal  inflammation.  Thus,  we  not  infrequently 
observe  in  association  with  arteriosclerosis  the  typical,  genuine,  contracted 
kidney,  and  the  combination  is  particularly  frequent  when  gout  is  the 
prominent  feature  in  the  clinical  picture. 

In  arteriosclerotics  with  increased  arterial  tension  the  quantity  of  urine 
is  not  infrequently  increased,  the  specific  gravity  is  low,  and  the  urine  con- 
tains no  albumin.  If  the  same  conditions  are  found  again  and  again,  it  is 
practically  impossible  to  draw  any  positive  conclusion;  in  such  a  case  the 
increase  in  the  excretion  of  urine  may  be  due  to  an  increase  in  the  velocity 
of  the  blood.    But  great  caution  is  necessary  in  giving  an  opinion,  because 
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it  is  possible  that  the  kidney  may  be  the  seat  of  morbid  processes  belonging 
to  the  group  of  genuine  contracted  kidney.  This  point  will  be  discussed 
presently.  Or  the  urine  may  be  free  from  albumin  and  the  quantity  about 
equal  to  the  average,  but  the  specific  gravity  is  considerably  above  the 
normal.  In  such  a  case  one  is  justified  in  saying  that  the  quantity  of  urine 
is  relatively  diminished — sometimes  it  really  \a  remarkably  low.  But  in 
both  groups  of  cases  some  of  the  urinary  findings  not  rarely  indicate  a 
definite  change;  occasionally,  especially  after  marked  exercise,  traces  of 
albumin  make  their  appearance.  Formed  constituents  are  usually  not 
found,  but  a  patient  and  attentive  search  not  infrequently  reveals  blood- 
corpuscles  and  very  few  hyaline  or  granular  casts,  or  casts  with  only  one 
or  two  epithelial  cells.  These  are  very  important  matters  and  emphatic- 
ally indicate  the  existence  of  a  morbid  process  in  the  kidneys.  Ind^,  the 
renal  disease  not  infrequently  manifests  itself  positively  by  some  uremic 
symptom. 

Thus  uremia  may  occur  at  any  time  in  the  course  of  arteriosclerosis 
and  often  causes  the  physician  an  unpleasant  surprise  if  he  has  overlooked 
the  possibility  of  a  nephritis  because  of  the  absence  of  albumin. 

What  is  the  condition  in  the  kidneys?  The  question  will  have  to  be 
answered  by  future  investigations.  The  process  is  probably  either  closely 
related  to,  or  identical  with,  so-called  arteriosclerotic  contracted  kidney, 
possibly  sometimes  with  the  above-mentioned  "congested  and  contracted 
kidney."  More  I  cannot  say  for  the  present.  But  it  cannot  be  denied 
that  there  is  a  close  connection  between  arteriosclerosis  and  many  forms 
of  exceedingly  chronic  diseases  of  the  kidneys.  In  spite  of  distinct  in- 
flammatory and  contracting  processes  in  the  kidneys,  no  albumin  may  be 
found  in  the  urine  for  months  in  a  specimen  representing  the  average  of 
the  twenty-four-hours  urination.  The  quantity  of  the  urine  is  normal,  but 
the  specific  gravity  is  considerably  increased.  Whether  albuminuria  is 
present  even  after  active  exercise,  has  not,  I  believe,  been  sufficiently  in- 
vestigated. 

The  above  described  clinical  symptoms  of  those  forms  of  arteriosclerosis 
which  influence  the  action  of  the  heart  are  accompanied  by  irritative  and 
paralytic  phenomena.  The  latter  are  by  far  the  most  important;  for 
even  in  cases  of  increased  arterial  tension  and  hypertrophy  of  the  heart 
muscle  the  patient's  complaints  and  many  of  the  objective  signs  directly 
show  that  the  functional  power  of  the  organ  has  suffered.  In  the  second 
group  of  symptoms  this  diminution  is  quite  marked. 

How  is  it  brought  about?  We  may  answer,  confidently,  by  disease  of 
the  coronary  arteries  and  processes  in  the  heart  muscle  resulting  there- 
from. At  least  when  arteriosclerotic  subjects  die  with  symptoms  of 
cardiac  insufficiency,  the  explanation  is  invariably  found  in  these  factors, 
and  the  same  reasoning  may,  therefore,  be  applied  to  the  earlier  stages  of 
the  disease. 

This  diminution  in  the  power  of  the  heart  as  a  result  of  coronary  sclerosis 
calls  for  a  few  remarks.  It  must  be  remembered,  in  the  first  place,  that 
it  occurs  in  every  imaginable  degree.  As  has  been  mentioned,  the  mildest 
cases  do  not  necessarily  present  any  physical  signs  in  the  heart,  and  the 
diagnosis  is  based  solely  on  the  history  and  on  the  patients'  statement  that 
they  get  out  of  breath  on  exertion.  On  the  other  hand,  we  have  the  most 
extreme  degrees  of  cardiac  insufficiency,  the  highest  grades  of  dilatation, 
with  all  the  symptoms  of  abnormal  blood  distribution.  Between  these 
two  extremes  there  are  all  kinds  of  curious  variations — sometimes  enlaige- 
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ment  of  the  left  ventricle,  sometimes  enlargement  of  the  right,  and  again 
of  both ;  in  every  case  unquestionably  dependent  on  the  seat  of  the  arterial 
disease  and  the  kind  of  demand  made  upon  the  organ.  It  has  been  stat-ed 
that  the  left  coronary  artery  is  more  frequently  attacked  than  the  right. 
If  that  is  the  case,  it  will  help  us  to  understand  why  the  left  ventricle  is 
so  frequently  dilated  in  coronary  sclerosis.  The  increased  resistance  in 
the  arteries  no  doubt  contributes,  at  least  in  a  good  many  cases,  to  the 
dilatation  of  the  left  ventricle;  but  it  seems  to  me  that  the  changes  in  the 
heart  muscle  are  much  more  important,  because  the  pressure  in  the  arteries, 
as  has  been  stated,  is  often  not  increased. 

The  greater  and  more  frequent  involvement  of  the  left  ventricle  also 
agrees  with  the  occurrence  of  cardiac  asthma.  This  curious  condition 
has  been  described  both  in  its  clinical  and  in  its  pathogenetic  relations  on 
p.  509 ;  but  we  have  to  call  attention  to  it  again  in  this  connection  because, 
after  contracted  kidney,  arteriosclerosis  is  distinctly  its  most  frequent 
cause.  Here,  again,  coronary  sclerosis  is  probably  the  all-important 
alteration.  Either  it  produces  absolute  weakness  of  the  left  ventricle, 
in  which  case  dyspnea  is  present  with  a  low  pulse  tension;  or  it  produces 
a  relative  insufficiency  of  this  portion  of  the  heart,  and  in  that  case  the 
dyspnea  is  associated  with  a  high  blood-pressure  and  a  high  pulse,  as  in 
diseases  of  the  kidney;  indeed,  it  may  be  said  that  the  dyspnea  is  due  to 
these  factors. 

It  has  already  been  stated  that  cardiac  asthma  not  infrequently  gives 
iTse  to  local  or  general  pulmonary  edema,  and  this  again  happens  chiefly 
in  patients  with  arteriosclerosis.  All  that  is  found  describ^  on  p.  510, 
etc.,  is  present  in  this  condition;  in  fact,  the  descriptions  referred  to  were 
taken  from  the  clinical  pictures  of  this  condition.  The  reason  they  are 
given  at  that  point  rather  than  here  is  that  they  occasionally,  although 
much  more  rarely,  occur  in  other  diseases  of  the  heart  muscle  as  well. 

It  can  hardly  be  assumed,  from  our  present  views,  that  coronary 
sclerosis  as  such  produces  hypertrophy  of  the  ventricles;  although  some 
of  the  older  investigators,  as  Buhl,  for  example,  were  inclined  to  attribute 
the  thickening  of  the  heart  muscle  to  some  inflanmiatory  process,  and 
sometimes  one  is  almost  inclined  to  adopt  this  view  at  autopsies.  But  at 
present  hypertrophy  occurring  during  disease  of  the  coronary  arteries  is 
attributed  to  sclerosis  in  other  vascular  regions.  More  detailed  observa- 
tions might  possibly  help  to  clarify  this  question  also. 

In  addition  to  these  quantitative  changes  in  the  action  of  the  heart 
certain  qualitative  alterations  may  also  occur  in  coronary  sclerosis. 
Quite  frequently  the  rh3rthm  of  the  heart  is  disturbed.  Single  pulse-beats 
may  be  delayed,  or  omitted,  or  may  occur  prematurely;  the  pauses  be- 
tween the  systoles  become  unequal  even  to  the  sense  of  touch,  and  the 
systoles  themselves  vary  in  force.  These  modifications  sometimes  occur 
only  at  long  intervals — say  every  twenty  to  thirty  beats,  or  even  more,  or 
they  may  be  constantly  present.  The  greatest  variations  are  found  in 
this  respect.  Embryocardia  and  especially  gallop-rhythm  also  occur; 
their  significance  has  already  been  discussed.  But  it  must  alwajrs  be 
remembered  that  coronary  sclerosis  without  any  disturbance  of  the  rhythm 
whatever  is  not  so  very  rare. 

Changes  in  the  frequency  of  the  heart-beat  are  also  quite  frequently 
observed.  There  may  be  a  persistent  acceleration,  so  that  the  pulse,  at 
least  during  the  da3rtime,  never  falls  below  80  to  100;  or  the  pulse  is 
normal  while  the  patient  is  at  rest,  but  increases  after  the  slightest  muscular 
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exertion,  to  a  rate  out  of  all  proportion  to  the  cause.  Persistent  accelerji- 
tion  is  quite  the  rule  in  the  later  stages  of  coronary  sclerosis. 

An  even  greater  increase  in  the  frequency  of  the  heart-beat  not  rarely 
takes  place,  but  such  extreme  rapidity  is  always  paroxysmal.  It  is  possi- 
ble that  a  good  many  cases  of  so-called  paroxysmal  tachycardia  are  really 
cases  of  coronary  sclerosis.  In  the  midst  of  absolute  or,  at  least,  relative 
health,  often  after  some  moderately  severe  exercise  or  psychic  emotion, 
the  pulse  frequently  goes  up  to  180,  200,  or  250,  and  all,  or  at  least  part, 
of  the  remaining  s3maptoms  described  at  length  in  the  section  on  Par- 
oxysmal Tachycardia  make  their  appearance. 

Retardation  of  the  heartrheat  is  also  observed  after  coronary  sclerosis. 
It  has  already  been  mentioned  on  p.  460  that  it  is  difficult  to  recognize  the 
milder  grades  of  these  conditions  on  account  of  the  individual  variations 
under  normal  conditions.  But  a  reduction  of  the  pulse-beats  to  56  should 
always  arouse  attention;  and  if  they  are  reduced  to  48  or  less,  the  diagnosis 
of  pathologic  bradycardia  is  assured.  There  is  no  other  disease  of  the 
heart  in  which  bradycardia  is  as  frequent  as  it  is  in  sclerosis  of  the  coronary 
arteries.  The  most  extreme  degrees  of  retardation  are  reached.  Thus, 
eight  contractions  in  a  minute  have  been  observed,  and  I  have  personally 
found  the  pulse  between  50  and  30  on  various  occasions.  In  spite  of  this 
extreme  bradycardia  the  patients  may  continue  in  relatively  good  health 
for  years,  but,  as  a  rule,  their  efficiency  is  greatly  reduced.  The  pulse, 
besides  being  slow  in  these  cases,  is  always  slightly  irregular  as  well.  The 
failure  of  atropin  to  influence  the  frequency  of  the  heart  is  a  positive 
sign  that  the  bradycardia  is  due  to  some  cause  residing  in  the  heart 
muscle,*  probably  in  the  auricles. 

In  these  patients  with  bradycardia  due  to  coronary  sclerosis  curious 
nervous  phenomena  occur  which  are  known  in  the  literature  under  the 
name  of  Adams-Stokes'  disease.'^  Consciousness  is  lost  either  suddenly  and 
without  previous  warning  or  after  an  aura  of  some  kind — a  peculiar  sensa- 
tion of  smell,  taste,  or  hearing — or  a  tactile  sensation  or  something 
similar.  The  warning  given  by  this  aura  enables  many  patients  to  reach 
a  couch  before  the  attack  comes  on,  others  fall  to  the  ground  at  once. 
Consciousness  is  always  completely  abolished;  the  breathing  is  often 
retarded  and  stertorous,  and  sometimes  exhibits  the  well-known  phenom- 
enon of  Cheyne-Stokes'  respiration,  while  in  other  cases  it  ceases  al- 
together. Palsies  are  absent  both  during  the  attack  and  afterward.  The 
pulse  during  the  attack  is  even  less  frequent  than  ordinarily.  The  rh3rthm 
of  the  heart,  as  well  as  the  rhythm  of  the  auricles,  may  be  altered  in  a 
variety  of  ways,  J  both  independently  and  in  their  relations  to  one  another. 

The  attack  usually  lasts  a  few  seconds  or  minutes,  rarely  hours.  The 
patient  then  awakes  without  any  paralysis,  and  in  many  cases  is  at  once 
restored  to  his  former  condition.  But  most  of  these  patients  complain  of 
lassitude  after  the  attack,  and  do  not  fully  recover  for  some  time.  Quite 
often  the  attacks  are  repeated.  I  know  a  patient  who  has  had  several 
hundred  of  them  in  the  past  ten  years. 

The  caiises  and  pathogenesis  of  the  attacks  are  quite  unknown.  Many 
patients  cannot  give  any  reason  for  them  whatever;    others  mention 

*  Dehio,  "Petersburger  medicinische  Wochenschrift,"  1892,  No.  1. 

t  Stokes,  ''Diseases  of  the  Heart"  Ch.  v.  Huchard, ''Maladies  du  coeur,"  p. 
255.  His,  "Archiv  ftlr  klinische  Meaicin,"  vol.  Ixiv.  p.  316.  Ck)ntains  the  litera- 
ture.   Krause^  "Ueber  einen  F«J1  von  Bradycardie,"  Dissertation,  GOttingen,  1895. 

t  See  the  interesting  case  reported  by  His,  loc.  cit. 


686  DISEASES  OF  THE  MYOCARDIUM. 

exercise  and  emotional  excitement.  One  of  my  patients  attributes  his 
attacks  to  the  eating  of  various  kinds  of  food,  such  as  dark  meat,  for  ex- 
ample; but  I  have  never  been  able  to  satisfy  myself  that  suggestive  and 
unknown  causes  may  not  have  been  much  more  important. 

In  studying  the  pathogenesis  the  first  question  that  presents  itself  is: 
how  is  the  heart  attacked  by  the  morbid  process?  It  hardly  seems  possible 
as  yet  to  give  an  answer  to  this  question,  and  one  of  the  principal  reasons 
is  the  want  of  uniformity  in  the  etiology  and  nature  of  these  conditions. 

A  few  cases  must  be  regarded  as  due  to  uremia.  In  others  one  is  in- 
clined to  think  of  vascular  disease  of  the  cerebrum  and  of  the  medulla 
oblongata.  Such  cases,  as  Huchard  very  correctly  points  out,  naturally 
suggest  a  comparison  with  the  S3rmptoms  of  intermittent  claudication. 
These  questions  ought  to  form  the  subject  of  investigation  in  any  future 
anatomic  studies  of  the  condition  of  the  brain  in  these  cases. 

It  cannot  be  doubted  that  the  abnormality  of  the  heart  action  in  some 
way  contributes  to  the  causation  of  the  attacks,  and  the  cerebral  anemia 
due  to  bradycardia  undoubtedly  has  something  to  do  with  the  pathogen- 
esis. But  to  ascribe  everything  to  cerebral  anemia  in  the  simple  way  that 
is  often  done  is,  in  my  opinion,  altogether  out  of  the  question. 

[Our  knowledge  of  Stokes- Adams'  disease  entered  a  new  phase  in  1906, 
when  Joseph  Erlanger  demonstrated  its  relation  to  heart-blodo.  The  eluci- 
dation began  with  Stannius,  Gaskell,  and  Engelmann,  but  could  not  be 
completed  until  the  discovery  of  His'  bundle  (1893)  and  the  production 
of  heart-block,  i.  e.,  the  impairment  (partial  heart-block)  or  the  destruction 
(total  block)  of  the  stimulus  conduction  from  the  auricle  to  the  ventricle, 
by  His,  Jr.  (1895).  Erlanger,  Humblet,  and  Hering  independently 
demonstrated  the  mechanism  of  heart-block,  and  Erlanger  especially, 
by  a  brilliant  series  of  experiments  on  dogs,  worked  out  the  physiologic 
processes  involved  and  was  able,  in  that  way,  to  complete  the  analysis  of 
two  cases  of  Stokes-Adams'  disease  in  the  wards  of  Professor  Osier. 

Experimentally,  Erlanger  showed  that,  by  compression  of  His'  bundle, 
all  stages  of  heart-block  may  be  produced,  i,  e.:  "(a)  An  increase  of  the 
intersystolic  pause;  (6)  an  occasional  ventricular  silence;  (c)  regularly 
recurring  ventricular  silences — e.  g.,  one  in  10,  9,  8,  7,  6,  5,  4,  3,  and  2 
auricular  beats;  (d)  a  2:  1  rhythm;  (e)  a  3:1  rhj^hm;  (/)  complete 
heart-block,"  in  which  the  ventricle  beats  independently  of  the  auricle, 
as  the  result  of  the  automaticity  of  heart  muscle. 

*' As  a  rule,  the  ventricles  take  on  a  constant  slow  rate  at  the  moment 
complete  heart-block  is  established. 

"When  the  block  is  complete,  stimulation  of  the  vagus  has  no,  or  but 
minimal,  effect  upon  the  rate  and  force  of  the  ventricular  beats,  whereas, 
the  auricles  still  react  normally. 

''When  the  block  is  complete,  stimulation  of  the  accelerator  nerve 
increases  the  rate  both  of  the  auricles  and  the  ventricles. 

"When  the  block  is  complete,  the  rate  of  ventricular  beats  may  not  be 
materially  affected  by  variations  in  the  general  blood-pressure,  nor  by 
asph3^a,  nor  by  interference  with  the  coronary  circulation"  (Erlanger, 
1896). 

The  relation  between  experimental  heart-block  and  heart-block  in 
man  is  very  close,  and  the  slight  differences,  such  as  the  impossibility 
of  keeping  up  a  partial  block  in  the  dog  for  a  long  time,  may  be  due  to  the 
differences  between  "the  crudeness  of  experimental  methods  as  compared 
with  the  subtle  inroads  of  disease"  (Erlanger). 
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The  pulse  and  cardiac  phenomena  of  Stokes-Adams'  disease  are  exactly 
those  of  heart-block.  The  condition  is  not  a  simple  bradycardia,  as  the 
shrewd  Stokes  perceived,  but  a  loss  of  coordination  of  the  heart  in  which 
the  auricles  may  beat  with  normal  or  increased  rate,  but  the  ventricles 
alwa3rs  at  an  infrequent  rate.  The  S3mcopal  attacks  can  be  explaiaed  by 
slowing  of  the  ventricles  (Erlanger).  Webster  showed  that  the  epilepti- 
form attacks  may  be  due  to  cerebral  anemia;  the  apoplectiform  attacks 
can  be  produced  in  the  same  way  or  by  venous  congestion.  It  is  not  al- 
ways clear  what  produces  the  attacks,  but  it  is  reasonable  to  suppose  that 
either  a  change  in  the  ventricular  rate  or  force  is  the  most  common  cause. 
The  former  has  been  seen  by  His  and  others. 

Clinical  and  pathologic-anatomic  proofs  of  the  relation  of  Stokes- 
Adams'  disease  to  lesions  of  the  auriculoventricular  bundle  have  accumu- 
lated rapidly  since  Erlanger's  experiments  were  published.  The  lesions 
have  included  such  processes  as  sclerotic  change  in  the  endocardium^ 
involving  the  bundle,  gimmiata  in  or  on  the  bundle,  cartilaginous  tumors, 
fatty  infiltration  with  atrophy  of  the  bundle.  Gummata  are  relatively 
frequent.  In  some  cases  no  gross  lesions  have  been  found.  In  one  of 
mine  there  was  a  small  fibroid  area  in  one  leg  of  the  bundle;  in  another, 
only  minute  fibroid  areas  between  the  fibers  of  the  bundle,  with  moderate 
endarteritis  in  the  artery  in  the  bundle.  Aschoff  reports  a  similar  case. 
Whether  disease  of  other  parts  of  the  heart  or  of  the  nerves  can  produce 
the  s3maptoms  is  not  yet  Imown.  Though  the  subject  is  still  incomplete, 
it  can  be  said  that  Stokes-Adams'  disease  is  a  disease  of  the  heart  and  not. 
of  the  central  nervous  system. 

The  diagnosis  of  the  disease  is  based  upon  the  clinical  symptoms  and 
the  demonstration  of  heart-block.  The  latter  can  often  be  made  by 
observing  a  characteristic  difference  of  rate  between  the  cervical  venous 
pulse  and  that  of  an  artery.  This  was  especially  striking  in  one  of  Stokes' 
cases  (Case  XXXIII),  but  in  some  cases  the  jugular  pulse  is  not  distinct 
enough  to  be  of  assistance,  or  it  may  be  impossible  to  determine  its  rate 
by  the  eye.  Synchronous  tracings  of  the  jugular  (external,  if  possible), 
and  the  radial,  apex,  or  carotid,  are  the  most  certain  guides,  using  the 
polygraph  of  Mackenzie,. or  any  other  efficient  instrument.  By  the  use 
of  the  fluoroscope  it  is  possible  to  see  the  dissociation  of  the  auricular  and 
ventricular  contraction .  Alternating  pulse  and  some  forms  of  extrasystole 
can  probably  always  be  distinguished  from  the  heart-block  by  a  study  of 
tracings.  Heart-block  is  probable  when  a  pulse  is  near  30.  In  some 
cases  of  Stokes-Adams'  disease  the  radial  pulse  may  disappear  for  many 
seconds,  minutes,  or  even  days.  The  faint  contraction  of  the  auricles  may 
still  be  audible  at  such  times.  Experiments  show  that  the  ventricles 
remain  free  from  contraction  during  the  long  pauses,  becoming  greatly 
dilated. 

The  diagnosis  of  heart-block  does  not  prove  a  case  to  be  one  of  Stokes- 
Adams'  disease.  The  former  occurs  temporarily  as  the  result  of  infections 
or  intoxications  (digitalis  I) .  When  such  causes  can  be  excluded,  and  when 
a  patient  has  arteriosclerosis,  especially  with  evidences  of  coronary  disease, 
the  Stokes-Adams'  syndrome  should  be  suspected. 

Besides  the  cardinal  symptoms,  all  the  subjective  and  objective 
symptoms  of  angina  pectoris  may  be  present,  with  Cheyne-Stokes  breath- 
ing at  times.  Syncopal  attacks  or  convulsions  may  not  occur  until  long 
after  the  heart-block  is  discov^*ed.  Or  the  attacks  may  cease  and  the 
slow  pulse  continue.    So  in  one  of  my  cases  there  were  very  many  syn- 
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copal  and  epileptiform  attacks  with  extreme  general  and  cardiac  weakness 
for  about  six  months,  and  then  the  patient  was  free  from  subjective  symp- 
toms, was  able  to  work  in  his  store,  but  with  a  pulse  never  above  30,  for 
more  than  twelve  months  until  he  dropped  dead  while  preparing  for  supper. 

The  prognosis  depends  upon  the  underlying  condition  and  is,  therefore, 
as  uncertain  as  angina  pectoris.  Patients  may  die  in  the  first  attack,  or 
may  live  for  years  with  variable  s3rmptoms  and  sometimes  with  con- 
siderable preservation  of  the  circulation.  In  cases  with  syphilitic  histories 
prompt  and  active  treatment  may  bring  about  recovery. 

In  other  cases  the  treatment  is  s3rmptomatic.  In  two  of  my  patients 
the  persistent  use  of  atropin  and  strychnin,  singly  or  together,  seemed  to 
improve  the  general  condition  and  force  of  the  circulation,  though  in 
neither  case  did  the  pulse  exceed  32  in  the  minute.  Nitroglycerin  does 
not  seem  so  useful  as  in  many  cases  of  arteriosclerosis  without  the  peculiar 
S3maptoms.  Alcohol  seems  to  cut  short  the  paroxysm  in  some  cases;  in 
others,  changes  of  posture,  such  as  getting  on  the  hands  and  knees. 
Digitalis  is  usually  not  indicated  and  may  do  harm. 

It  is  not  possible  to  cite  many,  even  of  the  most  important,  of  the 
numerous  recent  articles.  See  Erlanger,  J.,  *  'On  the  Physiology  of  Heart- 
block  in  Mammals,  with  Especial  Reference  to  the  Causation  of  Stokes- 
Adams'  Disease,"  ''Journal  of  Experimental  Medicine,"  vol.  vii,  1905,  p. 
676,  and  vol.  viii,  1906,  p.  8.  Discussion  at  the  Toronto  meeting  of  the 
British  Medical  Association,  "British  Medical  Journal,"  vol.  ii,  1906,  p. 
1103  et  seq.  Ashton,  Norris,  and  Lavenson,  "Adams-Stokes'  Disease 
(Heart-block)  Due  to  a  Gumma  in  the  Interventricular  Septum,"  "Ameri- 
can Journal  of  the  Medical  Sciences,"  January,  1907. — ^Ed.] 

As  has  been  mentioned,  sclerosis  of  the  coronary  arteries  produces 
sensory  heart  symptoms.  All  the  symptoms  described  in  the  general 
portion  (see  p.  531),  as  a  matter  of  fact  occur  in  coronary  sclerosis;  for 
disease  of  the  coronary  vessels  is  a  classic,  and  by  far  the  most  common 
cause  of  heart  pain  and  heart  fear.  These  s5anptoms  will  not  be  described 
again  in  detail  because  everything  is  mentioned  on  the  page  referred  to. 

The  faintest,  apparently  most  insignificant  d^rees  of  palpitation  and 
pain  in  the  chest  and  oppression  are  observed  in  coronary  sclerosis — so 
slight  that  only  the  expert  considers  them  worthy  of  any  attention.  On 
the  other  hand,  the  most  frightful  angina  pectoris  is  also  seen.  A  great 
variety  of  transitional  and,  so  to  speak,  extremely  mild  forms  of  tiiese 
conditions  occur;  but  even  apparently  heterogeneous  conditions — although 
in  reality  very  closely  related — occur  side  by  side. 

TTiese  sensory  disturbances  may  accompany  any  degree  of  cardiac 
weakness  and  are  also  observed  independently,  at  least  without  any  de- 
monstrable abnormality  in  the  strength  of  the  heart's  contraction  or  in  the 
rhythm. 

In  addition  to  the  symptoms  referable  to  the  circulatory  organs,  there 
are  all  sorts  of  symptoms  referable  to  other  organs  and  occurring  in  every 
conceivable  combination  and  chronologic  order.  Arteriosclerosis  causes 
structural  disturbances  in  numerous  tissues,  and  it  is  very  curious  that  the 
vascular  alteration  may  be  especially  well  developed  in  one  organ,  or  may 
even  be  confined  to  that  organ,  while  all  the  others — perhaps  including  the 
heart — are  still  quite  normal.  These  phenomena  interest  us  chiefly  be- 
cause they  often  accompany  cardiac  disturbances  and  may  thus  make  it 
possible  to  recognize  the  arteriosclerotic  nature  of  these  disturbances. 
Occasionally  they  also  afford  very  definite  indications  for  treatment. 
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The  important  pathogenetic  factor  in  the  development  of  the  organic 
diseases  is  the  insufficient  bloodnsupply  of  tissue-cells  and  a  congestion 
caused  by  the  first  degrees  of  cardiac  insufficiency.  We  can  do  no  more 
than  summarize  these  matters.  The  well-known  cerebral  symptoms; 
arteriosclerotic  changes  in  the  eye-ground;  hepatic,  gastric,  and  intestinal 
symptoms;  the  effects  of  an  insufficient  blood-supply  to  nerves,  muscles, 
or  an  entire  extremity,  which  were  recently  described  so  well  by  Erb,* 
are  the  most  important. 

The  Combination  of  Symptoms  and  the  Clinical  Course. — Almost 
all  these  phenomena,  numerous  as  they  are,  may  occur8eparately,or,on 
the  other  hand,  may  be  combined  or  follow  one  another  in  many  different 
ways.  Irregularity  and  everything  that  is  peculiar  and  bizarre  is  charac- 
teristic of  this  disease;  the  rule  is  that  there  is  no  rule. 

In  general  the  development  is  progressive;  mild  and  insignificant 
phenomena  are  gradually  succeeded  by  graver  symptoms,  and  in  the  end 
we  have  the  well-known  picture  of  bilateral  cardiac  insufficiency  with 
cyanosis,  low  arterial  pressure,  soft  and  rapid  pulse,  bronchitis,  dyspnea, 
hepatic  congestion,  edema,  and  albuminuria.  The  irregularity  in  the 
order  of  these  symptoms,  which  has  already  been  pointed  out  in  the  general 
description  of  cardiac  insufficiency,  applies  with  special  force  to  the  arterio- 
sclerotic form.  Many  patients  develop  enlargement,  induration,  and 
tenderness  of  the  liver  early  in  the  disease;  others  may  have  slight  edema 
about  the  ankles  or  an  obstinate  bronchitis  along  with  the  earliest  S3rmp- 
toms  in  other  parts  of  the  body.  Any  one  of  these  symptoms  may  have 
an  important  bearing  on  the  diagnosis,  as  well  as  on  the  whole  general 
conception  of  the  condition;  hence  a  careful  examination  of  the  entire 
body  is  always  absolutely  indispensable. 

Thus,  cases  which,  so  to  speak,  gradually  pass  through  all  the  various 
stages  of  the  disease  from  the  mildest  to  the  most  severe  may  be  protracted 
for  years  or  even  decads,  or  may  end  fatally  in  a  few  months  or  weeks. 
In  this  respect  also  the  rule  is  more  elastic  than  in  other  forms  of  heart 
disease. 

When  the  disease  is  protracted,  the  patients  often  suffer  horribly.  We 
have  already  spoken  of  cardiac  dyspnea:  it  is  more  agonizing  in  coronary 
sclerosis  than  in  almost  any  other  condition.  The  poor  sufferers  are  often 
forced  to  spend  weeks  or  months  sitting  up  in  bed  or  even  in  an  arm-chair 
day  and  night.  Anginoid  conditions  and  the  many  other  distressing 
consequences — edema,  bednsores,  and  the  like — which  so  often  follow 
permanent  cardiac  weakness  fill  the  measure  of  their  misfortune. 

Again  deviations  from  this  gradually  progressive  course  (from  good  to 
bad)  are  very  frequently  encountered.  Sometimes  the  disease  becomes 
stationary  at  various  stages,  and  relative  recovery  may  take  place.  There 
are  patients  who  get  along  for  years  with  a  certain  degree  of  cardiac  in- 
sufficiency; the  already  existing  structural  changes  and  the  morbid 
symptoms  depending  on  them  persist,  but  no  new  ones  develop.  The 
morbid  process  may  progress  in  one  organ  and  become  stationary  in  others; 
in  the  kidneys  this  may  account  for  the  above-described  moderate  or, 
one  might  say,  indistinct  symptoms. 

Finally,  relative  recovery  from  individual  symptoms  may  occur,  be- 
cause those  portions  of  the  heart  muscle  in  which  the  fibers  have  been 
injiu«d  by  insufficient  blood-supply  undergo  complete  atrophy.  This 
does  not  necessarily  result  in  the  production  of  any  morbid  symptoms, 

♦Erb,  "Deutsche  Zeitschrift  fttr  Nervenheilkunde,"  vol.  xiii,  p.  1. 
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either  because  the  functional  loss  of  certain  portions  of  the  muscle  is  borne 
without  any  disadvantages  or  because  it  is  compensated  for  by  the  activity 
of  other  cells.  In  this  connection  I  call  attention  to  Curschmann's  inter- 
esting cases*  in  which  angina  pectoris  of  a  severe  t3rpe  disappeared  after 
the  complete  occlusion  of  coronary  vessels  which  had  previously  been 
stenotic. 

On  the  other  hand,  a  patient  with  arteriosclerosis  may  at  any  time  die 
a  sudden  death,  which  may  be  due  to  a  rapidly  fatal  cardiac  insuflSciency, 
an  attack  of  angina,  pulmonary  edema,  or  pneumonia,  not  to  mention 
possible  intercurrent  diseases.  The  latter  are  particularly  significant 
because  the  heart  in  patients  of  this  class  is  so  very  apt  to  get  out  of  order. 
The  slightest  provocation  of  whatsoever  kind  is  capable  of  bringing  on  the 
most  severe  and  not  infrequently  fatal  conditions  of  cardiac  insufficiency. 

Indeed,  sometimes  the  duration  of  the  entire  disease  is  limited  to 
seconds,  minutes,  or  hours.  This  is  the  case  in  those  individuals  who 
retain  their  full  powers  until  the  very  end  and  succumb  to  the  first  or 
second  attack  of  angina  pectoris,  or,  without  any  such  attack,  to  coron- 
ary embolism,  which  is,  of  course,  very  apt  to  occur  in  these  conditions. 
Sudden  heart  failure  from  coronary  sclerosis  is  unquestionably  the  most 
frequent  form  of  sudden  and  unexpected  death. 

It  is  thus  seen  that  one  must  always  be  prepared  for  surprises  in 
the  course  of  arteriosclerosis.  The  most  unexpected  may  occur;  any 
phenomenon,  of  whatever  nature  it  may  be,  may  develop  with  extra- 
ordinary rapidity  and  disappear  again  quite  as  rapidly  and  unexpectedly. 
In  giving  an  opinion  of  the  duration  of  the  disease  the  phjrsician  must^ 
therefore,  be  extremely  careful  and  reserved.  Persons  who  look  as  if  they 
were  certainly  doomed  to  die  within  a  short  time  may  recover  apparent 
health  and  be  able  to  return  to  their  work. 

Diagnosis. — It  is  impossible  to  discuss  the  diagnosis  in  the  lump;  all 
we  can  do  is  to  discuss  the  individual  symptoms,  their  mode  of  combina- 
tion, and  the  clinical  course. 

Obviously  the  first  question  is:  how  is  arteriosclerosis  in  general  re- 
cogrvizedf  By  examini^  the  arteries.  Of  course.  But  since  we  have 
seen  that  excellent  clinicians  believe  that  the  actual  alteration  in  the  vessel- 
walls  is  preceded  by  a  stage  of  general  increase  of  arterial  tension,  it  is 
proper  to  inquire  whether,  under  certain  circumstances,  it  may  not  be 
possible  to  make  the  diagnosis  by  the  change  in  the  tension  of  the  pulse 
before  distinct  changes  have  developed  in  the  vessels. 

According  to  v.  Basch,t  the  determination  of  "angiorhigosis,"  or  increased  blood- 
pressure  due  to  rigidity  of  the  vessel-wall,  is  of  great  value,  but  reauires  more  accu- 
rate demonstration  than  is  possible  with  the  palpating  finger.  I  Delieve  it  is  true 
that  one  obtains  a  more  correct  notion  of  the  tension  of  the  pulse  by  means  of  the 
apparatus  designed  by  v.  Basch  and  Riva-Rocci,  although  the  skill  in  palpation 
displayed  by  experienced  and  clever  physicians  is  quite  wonderful.  For  the  inex- 
perienced the  use  of  instruments  for  determining  the  blood-pr»Bsure  is  undoubtedly 
to  be  recommended,  and  even  the  expert  may  use  them  without  disadvantage. 
[See  p.  470,  el  «eg.— Ed.] 

If  nephritis  can  be  excluded,  increased  arterial  pressure  is  a  fairly  good 
indication  of  beginning  vascular  disease  and  is,  therefore,  extremely  useful. 
It  is  to  be  remembered,  however,  that  arteriosclerosis  is  by  no  means  alwajrs 
associated  with  rise  in  the  blood-pressure. 

♦Curschmann,  "Congress  fOr  innere  Medicin,"  1891.  p.  275. 
t  V.  Basch,  "Wiener  medicinische  Presse,"  1893  and  1896. 
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The  observer  bases  his  judgment  on  the  condition  of  the  vessels  acces- 
sible to  sight  and  touch,  and  in  doing  so  it  is  absolutely  necessary  to 
make  a  careful  and  systematic  examination  of  all  the  accessible  arteries, 
that  is,  the  temporals,  carotids,  subclavians,  radials,  ulnars,  and  femorals. 
The  large  vessels  of  the  neck,  and  especially  the  subclavians,  are  not 
infrequently  dilated  and  pulsate  unequally  on  the  two  sides.  Sometimes 
the  dilated  innominate  artery  or  even  the  aorta  can  be  felt  in  the  supraster- 
nal notch.  It  is  advisable  to  subject  all  the  upper  regions  of  the  chest  to 
careful  percussion  and  palpation,  as  by  this  means  dilatation  of  the  ascend- 
ing aorta  is  oftener  demonstrated  than  is  generally  believed. 

It  must  be  emphasized  again  and  again  that  the  inference  of  arterio- 
sclerosis of  the  important  vessels  of  the  internal  organs  from  the  existence 
of  sclerosis  of  the  external  arteries  is  altogether  indirect,  and  should  be 
made  only  with  a  certain  reservation.  The  age  also  is  but  an  untrust- 
worthy criterion  of  the  presence  or  absence  of  arteriosclerosis.  On  the 
other  hand,  sclerosis  of  the  ascending  aorta,  if  present,  is  of  distinct  and 
direct  value;  for  the  only  condition  for  which  it  could  be  mistaken  is 
aneurysm,  and  for  our  purposes  such  a  mistake  would  not  be  serious,  since 
aneurysm  also,  in  the  majority  of  cases,  is  primarily  due  to  arterioscler- 
osis.   Some  information  may  also  be  obtained  from  an  x-ray  examination. 

InsuflBciency  of  the  aortic  valves,  when  it  occurs  in  the  second  half  of 
life  and  there  has  not  been  an  antecedent  polyarthritis,  is  a  most  valuable 
sign  of  arteriosclerosis. 

It  has  been  stated  repeatedly  that  arteriosclerotic  symptoms  in  many 
different  organs  may  be  associated  with  sclerosis  of  the  coronary  vessels. 
They  need  not  be  enumerated  separately,  because  that  would  involve 
a  complete  discussion  of  the  entire  clinical  aspect  of  arteriosclerosis. 
Their  diagnostic  significance  should,  however,  be  mentioned.  When  the 
patient  exhibits,  in  addition  to  heart  sjonptoms  that  cannot  be  readily 
explained,  phenomena  referable  to  any  other  portions  of  the  body  which 
are  undoubtedly  caused  by  vascular  changes,  this,  of  course,  has  an  im- 
portant bearing  on  the  diagnosis.  If  necessary,  a  search  for  such  symp- 
toms must  be  made,  for  instance,  in  the  eye,  and  this  is  another  example  of 
the  value  of  the  ophthalmoscope  as  an  aid  to  the  recognition  of  internal 
disease.* 

Before  an  existing  hypertrophy  of  the  heart  can  be  attributed  to  arterio- 
sclerosis, it  is  first  necessary  to  prove  the  existence,  or,  at  least,  the  possi- 
bility of  the  existence,  of  arteriosclerosis,  and,  on  the  other  hand,  to  ex- 
clude all  other  factors  capable  of  increasing  the  heart  action.  It  is  most 
difficult  in  these  cases  to  determine  the  exact  condition  of  the  kidneys, 
and  after  what  has  been  said,  this  will  readily  be  understood.  In  not 
a  few  cases  the  renal  disease  appears  to  form  part  of  the  general  arterio- 
sclerotic process;  but  it  is  so  mild  that  it  is  apt  to  be  overlooked,  and  yet 
the  patient  may  at  any  time  be  most  disagreeably  surprised  by  uremic 
83anptoms.  The  condition  of  the  urine  has  already  been  described.  If 
it  presents  anything  abnormal  and  the  h3rpertrophy  of  the  heart  is  pro- 
nounced, one  should  always  think  of  the  possibility  of  kidney  disease. 

The  same  considerations  must  decide  the  question  whether  a  dilatation 
of  the  heart  is  due  to  arteriosclerosis.  Here,  again,  the  etiology  supplies 
the  most  important  data.  The  differential  (Uagnosis  from  alcohoUc  heart 
disease  and  the  form  due  to  obesity  in  many  cases  can  only  be  made  with 
a  certain  degree  of  probability,  even  when  all  the  attending  circumstances 

*  Compare  Raehlmann,  "Zeitschrift  fur  klinische  Medicin/'  vol.  xvi,  p.  606. 
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are  taken  into  consideration;  for  the  difficulties  encountered  in  the  differ- 
ential diagnosis  are  very  great.  Many  alcoholics  also  have  arteriosclerosis ; 
many  arteriosclerotics  dmk  to  excess,  and  many  of  them,  finally,  suffer 
from  obesity. 

The  differential  diagnosis  from  chronic  myocarditis,  which  is  enormous- 
ly difficult  and  often  practically  impossible,  has  been  in  part  discussed 
in  another  section  (p.  662).  Here  it  may  be  well  to  remind  the  reader 
once  more  that  chronic  myocarditis  and  the  effects  of  coronary  sclerosis 
resemble  one  another  very  closely,  and  hence  there  must  necessarily  be 
a  close  resemblance  between  the  functional  disturbances  in  the  two  con- 
ditions. 

If  there  is  marked  cardiac  insufficiency  with  abnormal  blood  distribu- 
tion, lesions  of  the  mitral  valves  must  be  considered  in  addition  to  all  the 
other  conditions  that  have  been  mentioned;  for  s3rstolic  murmurs  may  be 
present  in  arteriosclerosis  owing  to  deficient  contraction  of  the  muscles 
at  the  base  of  the  heart  or  to  sclerotic  changes  in  the  valves;  while,  on 
the  other  hand,  diastolic  murmurs  may  be  absent  in  endocarditic  pro- 
cesses. The  history,  the  age,  and  the  general  impression  derived  from 
the  clinical  picture  must  be  taken  into  account  in  such  cases. 

Under  these  circumstances,  also,  the  conditions  from  which  it  is  most 
difficult  to  make  the  differential  diagnosis  are  chronic  myocarditis  and 
cardiac  insufficiency  occurring  in  the  course  of  kidney  diseases.  The 
diagnostic  points  have  been  explained  partly  in  this  section  and  partly  in 
the  sections  devoted  to  these  conditions. 

Finally,  we  have  the  cases  in  which  the  subjective  symptoms — ^pressure 
on  the  chest,  pain,  anginoid  conditions,  palpitation,  and  disturbances 
of  the  heart  action — are  the  most  prominent  factors — either  the  two  groups 
of  phenomena  combined  or  each  one  separately.  In  these  cases  a  differ- 
ential dia^osis  must  be  made  chiefly  between  disease  of  the  heart  muscle 
and  the  nervous  affections.  The  general  impression  conveyed  by  the 
patient  is  of  the  greatest  value  for  this  purpose.  Is  the  patient  nervous? 
Does  he  present  in  addition  to  the  cardiac  symptoms  other  s3rmptoms  of* 
neurasthenia?  Here  we  at  once  meet  with  difficulties.  For  many  heart 
patients  become  nervous,  especially  when  grief  and  worry  are  superadded 
to  their  disease,  and  who  can  then  decide  what  is  primary  and  what  is 
secondary? 

Then,  as  to  the  findings  in  the  heart  itself;  the  absence  of  any  objective 
changes  in  the  heart  or  vessels  would  fit  equally  well  with  the  diagnosis 
of  a  nervous  heart  affection  and  that  of  disease  of  the  muscle  or  of  the 
coronary  arteries.  Nevertheless,  such  a  condition  is  absolutely  frequent 
in  nervous  affections,  while  it  is  distinctly  the  exception  in  myocarditis 
and  coronary  disease.  As  a  rule,  some  abnormality  is  present  in  coronary 
sclerosis,  even  if  it  is  no  more  than  a  somewhat  ringing  second  aortic  sound 
or  some  other  symptom  mentioned  in  the  symptomatology.  The  most 
careful  examination  is  urgently  necessary  and  exceedingly  important. 

Dilatation  in  itself  is  more  in  favor  of  some  organic  disease,  but  does 
not  absolutely  exclude  the  existence  of  a  nervous  affection. 

The  character  of  the  arhythmia  and  inequality  of  the  heart  action,  in  my 
opinion,  have  only  a  limited  value  for  the  differential  diagnosis.  Nervous 
patients  imdoubtedly  exhibit  fluctuations  in  the  pulse-rate  extending  over 
a  considerable  number  of  cardiac  contractions.  But,  on  the  other  hand, 
these  patients  also  exhibit  exactly  the  same  disturbances  as  those  described 
on  p.  684  as  occurring  in  coronary  sclerosis  as  well  as  in  the  other  diseases 
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of  the  heart  muscle,  especially  myocarditis.  Others  may  base  their 
opinion  on  the  character  of  the  arhythmia,  if  they  like.  After  a  long  ex- 
perience, during  which  I  have  paid  special  attention  to  this  question,  I 
have  ceased  to  place  any  dependence  on  this  symptom  alone  or  even  to 
attach  very  much  value  to  it.  At  most  I  am  willing  to  admit  that  per- 
sistent and  absolutely  atypical  irregularity  may  have  some  value  as  a 
symptom,  for  it  is  not  observed  in  nervous  patients  to  the  same  degree  as  in 
diseases  of  the  heart  muscle  (coronary  sclerosis,  myocarditis). 

The  synmietry  of  the  pulse  must  be  carefully  noted.  Inequalities  in 
the  volume  and  time  of  occurrence  of  the  brachial  and  radial  pulses  are 
quite  frequent,  and  often  occur  early  in  sclerosis  of  the  ascending  aorta. 
This  point  has  considerable  diagnostic  value  whenever  careful  examination 
of  the  arteries  shows  that  the  phenomenon  is  not  due  to  local  changes  in 
the  vessels. 

In  the  majority  of  cases  the  functional  power  of  the  heart  during 
exercise  is  unquestionably  of  great  diagnostic  value.  No  certain  means 
have  as  yet  been  devised  to  test  the  function  of  the  heart  objectively, 
and  one's  opinion  has  to  be  based  chiefly  on  the  patient's  statements  that 
he  suffers  from  oppression,  palpitation,  and  shortness  of  breath.  In 
nervous  patients  these  symptoms  are,  as  a  rule,  not  induced  by  exercise, 
although  there  are,  of  course,  exceptions  (see  the  section  on  Nervous 
Diseases) .  On  the  other  hand,  dyspnea  is  frequently,  not  to  say  regularly, 
found  after  coronary  sclerosis  and  myocarditis.  On  this  point  all  are 
agreed.  Thus  Huchard  attaches  a  very  great  deal  of  importance  to 
dyspnea  on  exertion  (dyspnSe  d^ effort).  Nevertheless,  even  this  symptom 
may  be  altogether  absent  in  individual  cases  of  this  disease,  perhaps  more 
frequently  than  is  generally  supposed. 

This  seems  to  me  to  be  borne  out  by  a  good  many  cases.  Thus  I  know 
a  man,  forty-two  years  of  age,  who  has  had  a  number  of  what  I  consider 
genuine  attacks  of  angina  and  presents  a  slight  dilatation.  Nevertheless, 
this  man  can  ride  a  bicycle  for  long  distances  without  the  slightest  dis- 
comfort. I  might  quote  other  cases  of  this  kind  if  I  had  anatomic  data  at 
my  disposal.  A  few  similar  cases  are  found  in  the  literature.  Thus,  an 
elderly  gentleman  after  a  typicsl  attack  of  genuine  angina  pectoris  made 
difficult  mountain  excursions  without  developing  any  symptoms  whatever.* 
This  is  readily  conceivable  on  anatomic  grounds.  The  heart  in  these 
cases  is  probably  not  the  seat  of  a  diffuse  disease,  and  the  S3rmptoms  are 
probably  produced  by  a  local  affection,  such  as  sclerosis  of  a  branch  of  the 
coronary  artery.  If  occlusion  of  the  vessel  takes  place,  possibly  accom- 
panied by  the  s3maptoms  of  violent  stenocardia,  the  patient  is  permanently 
relievedf  and  may  quite  possibly  recover  all  his  former  strength. 

The  case  is  quite  clear  whenever  there  are  nocturnal  aitacks  of  shortness 
of  breath  or  pulmonary  edema.  If  these  conditions  are  present,  the  patient, 
in  my  opinion,  is  certainly  suffering  from  a  grave  disease  of  the  heart 
muscle,  even  if  no  physical  signs  are  present  in  the  organ.  For  the  oc- 
casional attacks  of  nervous  dyspnea  can  be  at  once  distinguished  from 
cardiac  asthma  by  the  peculiarity  of  their  behavior;  and  genuine  pulmo- 
nary edema,  finally,  admits  of  no  misinterpretation  whatever.  If  the 
patient  gives  a  statement  of  nocturnal  attacks  of  dyspnea  and  nothing 
whatever  is  found  on  physical  examination,  one  may  possibly  hesitate 
between  pulmonary  and  cardiac  asthma. 

♦Meyer,  "Archiv  fttr  klinische  Medicin,"  vol.  xliii,  p.  379. 

t  Compare  Curschmann,  "Ck)ngre8s  fur  innere  Medicin,''  1891,  p.  275. 
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The  character  of  the  aen&atian  of  pain  and  fear  is  not  without  distinct 
value  in  distinguishing  between  nervous  heart  s3rmptoms  and  coronary 
sclerosis.  In  fact,  in  uncomplicated  and  well-developed  cases  it  may 
decide  the  diagnosis,  especially  if  all  the  cardiac  symptoms  are  either 
absent  or  strongly  in  favor  of  nervousness;  or,  on  the  other  hand,  all  the 
positive  signs  of  arteriosclerosis  are  present. 

But  it  is  only  in  very  rare  cases  that  the  diagnosis  is  as  clear  as  this. 
Well-developed  attacks  of  true  angina  are  often  preceded  by  rudimentary 
attacks,  bearing  a  strong  resemblance  to  the  nervous  form.  If  the  patient 
has  other  signs  of  arteriosclerosis,  these  rudimentary  attacks  will  not 
obscure  the  diagnosis;  but  in  many  cases  the  physical  signs  are  altogether 
negative,  or  the  examination  yields  only  very  imcertain  results,  par- 
ticularly in  the  case  of  men  between  thirty-five  and  fifty.  In  the  heart 
nothing  at  all  is  found ;  the  only  symptoms  complained  of  are  rudimentary 
attacks  of  stenocardia  after  violent  exertion  or  emotional  excitement;  there 
is  some  nervousness.  Is  it  a  case  of  genuine  or  false  angina?  I  have  al- 
ready given  as  full  a  discussion  as  possible  of  this  subject  on  p.  543.  In 
every  case  the  greatest  caution  must  be  enjoined. 

Treatment  and  Prognosis^ — ^The  first  object  of  treatment,  what- 
ever line  may  be  adopted,  must  be  the  removal  of  those  factors  whidi  we 
believe  to  cause  arteriosclerosis  or  to  be  capable  of  favoring  its  extension. 
First  of  all,  the  patient's  mode  of  life  must  be  accurately  r^ulated.  Here 
we  can  do  no  more  than  give  general  directions,  for  to  go  into  detail  would 
occupy  too  much  space,  and  as  this  work  is  intended  for  physicians,  details 
are  unnecessary,  and  at  best  would  only  be  suitable  for  a  few  cases. 

The  food  should  be  just  sufficient  in  quantity;  as  a  rule,  it  is  not  de- 
sirable that  the  patient  should  put  on  fat.  The  reasons  for  both  tiiese 
things  have  already  been  mentioned. 

Generally  speaking,  a  mixed  diet  with  a  preference  for  fruit  and  green 
vegetables  and  with  a  minimum  of  condiments  should  be  advised.  Most 
physicians  are  agreed  that  the  excessive  ingestion  of  proteid  food,  especi- 
ally meat,  which  is  so  popular  in  many  quarters,  is  not  suitable  for  patients 
of  this  class.  The  reasons  for  this  are  yet  to  be  discovered,  and  there  is 
still  some  doubt  about  the  truth  of  the  statement. 

Eminent  clinicians,  as,  for  example,  Huchard,  say  they  have  seen 
excellent  results  from  an  absolute  milk  diet.  If  possible,  I  should  advise 
that  a  diet  consisting  chiefly  of  milk  be  tried,  at  least  for  a  time.  Tlie 
attempt  is  most  likely  to  prove  successful  in  the  case  of  patients  who 
have  no  work  to  do,  because  they  do  not  need  a  large  quantity  of  nutritive 
material.  But  if  the  patient  is  exercising  to  any  extent,  it  is  very  difficult 
to  get  him  to  take  enough  milk  to  insure  the  necessary  quantity  of  nutri- 
tive material.  Bread,  at  least,  must  be  added  to  his  diet-list;  in  fact,  I 
would  do  that  under  any  circumstances.  In  my  opinion  it  does  no  harm 
whatever,  the  main  thing  being  to  avoid  meat  and  condiments;  and, 
finally,  it  is  to  be  remembered  that  when  a  patient  is  living  on  an  absolute 
milk  diet  he  ingests  in  the  course  of  a  day  much  more  fluid  than  is  desirable. 

In  many  cases,  especially  when  there  is  angina  pectoris  and  the  attacks 
are  brought  on  by  dyspeptic  disturbances,  a  strict  supervision  of  the  gastro- 
intestinal tract  becomes  necessary.  The  special  directions  to  be  given  will 
depend  on  the  condition  of  the  alimentary  canal.  It  is  often  very  impor- 
tant to  order  light  meals  at  frequent  intervals  because  a  full  stomach  is  apt 
to  bring  on  an  attack.  The  directions  to  be  given  in  r^ard  to  wine,  beer, 
coffee,  and  tobacco  have  been  discussed  on  p.  560.    'Diis  question  must 
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also  be  largely  determined  by  the  presence  or  absence  of  stenocardia.  I 
would  advise  special  caution  with  r^ard  to  tobacco,  and  Huchard  is  quite 
right  in  warning  his  patients  against  sitting  in  a  room  full  of  smoke. 

The  question  whether  absohUe  rest,  possibly  even  in  bed,  is  to  be  ordered, 
or  the  patient  be  permitted  the  usual  amount  of  bodily  activity  can  only 
be  decided  on  general  principles  (see  p.  554).  At  all  events  violent  ex- 
ercise, particularly  when  associated  with  emotional  excitement,  as,  for 
instance,  mountain-climbing  and  athletic  pursuits  in  general,  which  are 
nowadays  carried  to  such  an  absolutely  morbid  extent,  must  be  forbidden 
altogether.  Although  prolonged  muscular  rest  unquestionably  does  the 
patient  no  good  in  the  early  stages,  the  physician  must,  on  the  other  hand, 
be  extremdy  cautious  in  ordering  very  active  exercise  in  arteriosclerosis, 
and  must  take  into  account  the  special  features  of  each  case.  I  particu- 
larly caution  against  any  attempt  to  improve  the  strength  of  a  weak  heart 
by  means  of  forced  movements  according  to  Oertel's  method.  I  do  not 
say  that  exercises  for  training  the  heart  must  be  avoided  under  all  circum- 
stances, but  I  do  recommend  the  greatest  caution,  as  dilatation  is  very  apt 
to  devdop  or  to  increase  if  it  is  already  present.  When  attacks  of  steno- 
cardia have  already  occurred,  the  patient's  activity  must  be  restrained, 
and  all  those  things  which  are  known  to  produce  the  attacks,  especially 
walking  after  meals,  must  be  strictly  forbidden. 

Sexual  intercourse  must  be  restricted  in  this  disease  more  than  in  any 
other;  old  men  with  coronary  sclerosis  not  so  very  rarely  die  during  coitus. 

Most  of  these  things,  which  I  merely  mention  in  a  general  way,  have  to 
be  explained  to  the  patient  in  detail  in  every  individual  case.  If  this 
precaution  is  neglected,  the  physician  cannot  count  on  a  proper  observance 
of  his  instructions. 

TTiere  is  no  doubt  whatever  that  emotional  excitement,  even  excessive 
joy,  but  especially  worry,  grief,  and  care,  are  dangerous  for  arteriosclerotic 
patients.  A  good  physician  will  guard  against  these  things  also  as  much 
as  he  can;  but  he  must  necessarily  depend  mainly  on  the  patient's  own 
efforts — the  patient  must  learn  self-restraint. 

Those  clinicians  who  incline  to  the  view  that  increase  of  arterial  pressure 
is  a  factor  in  the  pathogenesis  give  their  greatest  attention  during  the  early 
stage  of  the  disease  to  the  question  of  diminishing  the  blood-pressure. 
The  desirability  of  being  able  to  accomplish  this  will,  indeed,  appeal  to 
every  physician,  even  if  he  does  not  consider  arteriosclerosis  solely  the 
effect  of  an  increase  of  pressure  in  the  arteries.  For  in  any  case  an  ab- 
normally high  blood-pressure  is  unnecessary  for  the  demands  of  daily  life, 
and  is  in  many  respects  dangerous;  for  example,  it  predisposes  to  rupture 
of  blood-vessels  and  throws  more  work  on  the  left  ventricle.  I  need  only 
refer  to  cardiac  asthma. 

One  of  the  first  remedies  to  be  mentioned  is  venesection,  and  the  re- 
moval of  from  150  to  300  c.c.  of  blood.  The  experience  of  the  older  physi- 
cians chiefly,  but  also  of  some  of  the  modems,*  proves  that  the  procedure 
may  be  directly  useful.  The  profession  has  become  somewhat  "blood- 
shy."  The  reaction  against  venesection  was  quite  natural,  but  it  is  ex- 
aggerated, and  we  ought  to  get  over  it  more  and  more.  In  so-called 
Vfull-blooded"  arteriosclerotics,  that  is,  those  who  are  not  anemic,  with 
high  pressure,  venesection  may  be  confidently  resorted  to  and  even  re- 
peated if  it  proves  useful. 

If  the  increase  in  blood-pressure  is  the  direct  cause  of  certain  symptoms 
♦Fraentzel,  "Herzkrankheiten,"  vol.  i,  p.  100. 
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and  discomfortB,  the  indication  for  venesection  is  especially  clear.  It  acts 
like  ma^ic  in  cardiac  asthma  with  hard  pulse,  and  should  be  employed  at 
once  in  such  cases. 

Personally  I  cannot  indorse  the  use  of  diaphoresis  and  diuretic  remedies 
for  the  sole  purpose  of  reducing  the  arterial  pressure.  It  does  not  appear 
to  me  that  the  value  of  such  treatment  has  ever  been  positively  proved  in 
practice. 

On  the  other  hand,  measures  calculated  to  produce  arterial  h3rperemia 
of  the  intestine  are  distinctly  to  be  recommended.  That  this  is  followed  by 
a  fall  in  the  blood-pressure  (splanchnic  vessels!)  appears  a  priori  probable, 
and  it  is  a  fact  that  many  arteriosclerotics  feel  worse  whenever  the  bowels 
do  not  move  regularly.  This  must,  therefore,  receive  attention,  and,  if 
necessary,  rhubarb,  cascara  sagrada,  or  compound  licorice  powder  must 
be  prescribed.  In  many  cases  it  is  wise  to  give  these  remedies  for  a  long 
time,  so  as  to  produce  two  daily  semifluid  evacuations. 

Mineral  waters  must  be  given  with  the  greatest  caution.  Of  this,  there 
can  be  no  doubt;  much  harm  has  been  done  by  indiscriminately  ordering 
a  drinking-cure  in  some  health  resort  with  sodium  chlorid  or  sodium 
sulphate  waters.  The  combined  effects  of  the  drinking-cure  and  plenty 
of  exercise  seem  to  be  too  much  for  these  patients  and  are  to  be  deprecated. 
On  the  other  hand,  however,  I  have  seen  good  results  follow  a  care- 
fully regulated  drinking-cure  with  the  above  named  waters  in  arterio- 
sclerotic patients;  for  instance,  when  there  was  much  obesity  or  con- 
stipation and  abdominal  pain  was  a  prominent  feature. 

A  drinking-cure  must  never  be  oMered  unless  the  patient  is  absolutely 
free  from  cardiac  insufficiency  with  altered  blood  distribution.  If  mineral 
waters  are  ordered  at  all,  they  must  be  given  in  small  quantities — only 
enough  to  produce  one  or  two  bowel  movements — and  the  exercise  must 
be  accurately  adapted  to  the  functional  capacity  of  the  stomach. 

A  regular  bathing-cure  at  a  suitable  resort,  may  also  be  recommended 
under  these  circumstances,  provided  the  patient  can  be  placed  in  the  care 
of  a  physician  who  is  familiar  with  the  treatment  of  heart  diseases. 

French  physicians  recommend  the  iodin  preparations  and  assert  that 
they  have  a  direct  action  on  arteriosclerosis.  Huchard  is  quite  enthusias- 
tic about  them.  He  asserts  that  he  has  seen  a  diminution  of  the  arterial 
pressure  after  only  a  few  days'  use.  Vierordt*  has  also  seen  good  results 
from  the  use  of  these  drugs,  and  I  myself  have  often  seen  similar  good 
results,  which  I  believe  were  positively  due  to  potassium  iodid. 

From  1.5  to  2  gm.  (24  to  30  gr.)  of  potassium  iodid  or  sodium  iodid  are 
given  in  the  course  of  the  day,  divided  into  two  or  three  doses  after  meals 
in  a  large  tumblerful  of  water  or  milk. 

It  appears  to  be  immaterial  whether  potassium  or  sodium  iodid  is  ^ven  for  this 
purpose;  at  all  events,  there  is  no  need  of  avoiding  potassium  iodid  under  the 
impression  that  it  injures  the  circulation,  as  that  is  an  illusion.  On  the  contrary, 
I  believe  it  is  a  mistake  to  substitute  the  sodium  for  the  potassium  salt,  as  seems 
to  be  the  custom  in  many  clinics  nowadays,  if  good  therapeutic  results  nave  been 
obtained  with  potassium  iodid.  The  effect  of  the  salt  when  given  in  the  form  of 
the  potassium  salt  is  altogether  different,  and  anyhow  we  do  not  know  how  these 
substances  ultimately  produce  their  beneficial  effect. 

At  any  rate,  the  iodin  preparations  must  be  continued  for  a  long  time 
— more  than  a  year.  Huchard's  plan  of  stopping  the  drug  for  a  week  out 
of  each  month  may  be  adopted,  or  the  remedy  may  be  given  steadily  for 

*  Vierordt,  "Congress  fQr  innere  medicin,"  1897,  277. 
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several  weeks  and  then  withdrawn  for  a  considerable  period.  Even  after 
it  has  been  given  for  from  one  to  two  years,  its  administration  should  be 
continued  still  longer,  with  suitable  interruptions. 

In  the  next  place  nitroglycerin  is  reconmiended  by  a  good  many  physi- 
cians, among  whom  Huchard  may  again  be  mentioned.  This  clinician 
gives  a  1  per  cent,  alcoholic  solution  of  nitroglycerin  for  from  ten  to  fifteen 
days  in  each  month,  two  drops  twice  a  day,  and  if  this  is  well  borne,  increases 
the  dose  up  to  two  drops  six  times  a  day.  [Laijger  daily  doses  may  be 
taken,  and  continued  longer. — Ed.]  Sodimn  nitrite  and  amyl  nitrite  are 
less  efficient  for  this  purpose.  The  action  of  the  latter  is  too  evanescent, 
and  the  former  is  believed  to  be  not  quite  free  from  danger.  In  these 
cases  it  is  necessary  to  give  the  drug  for  a  long  period.  [Erythrol  tetra- 
nitrate  is  said  to  act  slowly,  but  to  persist  longer  than  the  above;  its  ex- 
plosiveness  is  a  decided  objection. — Ed.]  I  am  unable  to  give  a  personal 
opinion  as  to  the  value  of  these  remedies  in  arteriosclerosis  in  general. 

The  various  degrees  of  cardiac  weakness  must  be  treated  according 
to  the  principles  that  have  been  laid  down  in  the  section  on  the  generd 
principles  of  the  treatment  of  heart  disease.  A  number  of  special  points 
have  to  be  considered  in  arteriosclerosis;  but  these  need  not  be  mentioned 
again,  because  all  that  is  necessary  has  already  been  said  elsewhere. 

The  management  of  an  individual  case  of  angina  pectoris  is  discussed 
on  p.  544. 

The  treatment  of  the  individual  organs  and  the  disturbances  to  which 
they  give  rise  must,  of  course,  be  attended  to  with  all  due  care.  If  these 
disturbances  are  caused  by  anomalies  of  the  circulation,  they  will  be  best 
corrected  by  suitably  influencing  the  heart,  and  this  must  be  done  even 
when  the  remedies  that  are  call^  for  seem  to  be  contraindicated  by  the 
conditions  of  certain  organs.  The  various  dangers  and  disadvantages 
must  be  carefully  weighed  against  each  other,  and  the  evil  must,  if 
possible,  be  attacked  at  its  root. 

The  prognosis  of  arteriosclerotic  disease  of  the  heart  is  exceedingly 
difficult  to  determine  even  in  the  individual  case,  and  no  rules  of  general 
application  can  be  laid  down,  because  the  prognosis  depends  in  the  highest 
degree  on  the  condition  of  the  blood-vessels  in  all  the  other  organs  of  the 
body;  and  these,  as  every  one  knows,  are  quite  different  in  different 
individuals. 

A  *' sensible"  mode  of  life,  rest,  a  careful  diet,  and  potassium  iodid  are 
unquestionably  capable  of  dela^ong  the  progress  of  the  arterial  process. 
This  seems  to  be  important  tot  patients  who  are  just  beginning  to  have 
cardiac  symptoms.  But  how  rarely  it  is  possible  to  carry  out  adequate 
directions  long  enough!  If  the  patient  is  compelled,  in  spite  of  all  his 
s3niiptoms,  to  continue  a  life  of  activity,  care,  and  excitement,  the  progno- 
sis is  certainly  less  favorable.  There  is  often  a  tendency  for  the  recurrence 
of  the  same  s3miptoms,  such,  for  example,  as  angina  pectoris;  and  as  every 
attack  directly  endangers  life,  the  occurrence  of  genuine  stenocardia 
always  renders  the  prognosis  extremely  grave.  The  same  thing  applies 
to  cardiac  asthma.  On  the  other  hand,  I  have  already  mentioned  that 
severe  attacks  of  this  kind  may  occur  a  few  times  and  then  disappear  per- 
manently. 

Whether  the  prognosis  is  better  in  arteriosclerosis  with  high  than 
with  low  blood-pressure  I  will  not  venture  to  say.  Distinct  kidney  symp- 
toms are  certainly  unfavorable.  When  actual  cardiac  insufficiency  with 
altered  blood  distribution  and  passive  congestion  has  developed,  it  is  very 
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much  more  difficult  to  remove  than  any  other  disease  of  the  muscle, 
especially  the  cardiac  insufficiency  due  to  a  valvular  lesion  at  the  mitral 
orifice.    Even  if  it  yields  to  digitalis  it  is  apt  to  return  in  a  short  time. 

Arteriosclerosis,  Arteriosclerotic  Contracted  Kidney. — B.  L.,  spinster,  sixty- 
six  years  of  age.  Previous  health  good,  on  the  whole,  until  the  last  few  years, 
during  which  Sie  had  several  attacks  of  influenza.  The  heart  is  said  to  have  been 
somewhat  out  of  order  for  about  a  year.  At  all  events,  she  found  that  walking  was 
difficult  and  rapid  movement  brou^t  on  dyspnea. 

October  14,  1897:  Violent  emotional  excitement  was  followed  by  an  attack 
of  pulmonary  edema;  the  patient  was  pale  and  cyanotic,  extremely  anxious,  and 
covered  with  cold  perspiration;  the  pulse  was  132,  very  snudl  and  soft.  The  attack 
lasted  two  hours.  From  that  time  on  and  until  her  death  in  April,  1899,  the  pa- 
tient's health  was  broken;  she  never  recovered. 

Patient  is  dyspneic,  anxious,  excited,  and  restless. 

The  heart  is  moderately  enlarged  to  the  right  and  to  the  left.  The  apex-beat 
is  in  the  fifth  intercostal  space,  one  finger-breadth  outside  the  nipple-line,  of  moder- 
ate hei^t,  and  more  resistant  than  normal.  The  first  sound  at  the  apex  is  impure. 
The  second  aortic  and  pulmonaiv  sounds  are  exceedingly  loud;  the  aortic  sound 
is  somewhat  ringing.  Marked  sclerosis  of  the  peripheral  arteries.  Pulse,  88  to  92, 
not  quite  regular,  of  average  volume,  always  hard.  During  the  attacks  the  pulse 
is  always  132  to  136,  and  then  is  irregular  and  always  small  and  very  soft.  There 
is  never  any  fever,  but  there  is  bronchitis,  which  varies  very  much  in  intensity. 
During  many  months  the  right  pleural  cavity  contained  a  moderately  large  serous 
exudate.  Swelling  of  the  liver;  almost  constant  edema  of  the  feet.  Quantity  of 
the  urine,  500  to  1000  c.c;  6i)ecific  gravity,  1012  to  1017.  Very  rarely  a  trace  of 
albumin;  at  all  events,  the  urine  was  generally  free  from  albumm  for  many  weeks 
in  succession,  as  determined  by  a  daily  examination.    A  few  white  blood-cdls. 

The  patient's  condition  varied  a  great  deal  from  time  to  time.  Most  of  the 
time  she  was  confined  to  bed.  There  were  many  attacks  of  dyspnea  accompanied 
by  anxiety,  durins  which  the  pulse  would  be  112  to  116,  small  ana  soft.  Altogether 
she  had  ten  attacks  of  genuine  pulmonary  edema  lasting  from  three-quarters  of  an 
hour  to  two  hours. 

July,  1898:  Profound  uremia  lasting  four  days;  headache,  vomiting,  stupor, 
slow  pulse,  convulsions.  For  twenty-four  hours  she  was  almost  pulseless.  The 
quantity  of  urine  was  very  small,  and  the  secretion  sometimes  contained  traces  of 
albumin;  at  others  it  was  entirely  free.  The  recovery  from  the  attadc  was  aston- 
ishing. The  quantity  of  urine  immediately  increased  very  much.  Edema  disap- 
pear^ altogether.  The  patient  felt  comparatively  well,  could  go  out  and  busy 
nerself  about  the  house  until  December,  1898.  After  December  17th  attacks  of 
anxiety  and  dyspnea  recurred,  with  soft  and  rapid  pulse  (116),  but  since  the  attack 
of  uremia  there  has  never  been  true  pulmonary  edema.  The  urine  continued  to  be 
free  from  albumin.    The  condition  of  the  heart  was  always  as  raven  above. 

In  March,  1899,  uremia  again  gradually  developed.  The  disease  ran  an  insidi- 
ous course  and  terminated  fatally  on  the  first  of  April,  1899.  During  the  last 
week  the  patient  was  constantly  stuporous,  and  tonic  and  clonic  convubions  occurred 
almost  continuously.  The  pulse  until  death  was  almost  regular,  of  good  volume 
and  tension,  and  average  size.  The  urine  never  contained  albumin,  not  even  on 
the  day  of  death. 

Autopsy:  Generalized,  marked  arteriosclerosis.  Slight  hypertrophy  of  both 
ventricles.  Coronary  sclerosis,  fibroid  heart.  Bronchitis.  Congested  Dver.  Slight 
passive  congestion  of  the  kidnevs,  which  were  normal  in  size;  here  and  there  re- 
tracted areas  on  the  suriace  of  the  organs.  Corresponding  to  the  areas  of  retrac- 
tion, and  in  other  scattered  portions  of  the  cortex  the  ^omeruli  were  atrophied, 
and  these  portions  were  the  seat  of  round-cell  infiltration  or  of  more  or  less  cellular 
connective  tissue. 
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OCCLUSION  OF  THE  CORONARY  ARTERIES. 

Complete  occlusion  of  the  coronary  arteries  is  usually  due  to  thrombosis, 
more  rarely  to  embolism.  It  is  only  in  the  worst  cases  that  a  previously 
healthy  vessel  becomes  occluded.  Almost  always  the  walls  of  the  occluded 
artery  are  already  the  seat  either  of  sclerosis  or  of  arteritis.  If  the  accident 
is  due  to  embolism,  complete  occlusion  of  the  lumen,  of  course,  occurs 
suddenly.  Thrombosis,  in  the  majority  of  cases,  develops  gradually,  but 
in  thrombosis  also  the  process  may  be  comparatively  rapid.  The  transi- 
tion from  stenosis  to  occlusion  frequently  develops  so  rapidly  that  the 
resulting  clinical  phenomena  are  comparable  to  those  which  are  produced 
by  embolism. 

The  anatomic  and  clinical  effects  of  gradual  occlusion,  especially  of  the 
smaller  branches,  have  already  been  discussed  in  connection  with  coronary 
sclerosis  and  myocarditis;  for  these  two  processes  always  form  the 
pathogenetic  groundwork,  and  their  symptoms  are  inseparably  bound 
up  with  those  of  gradual  obliteration  of  the  arteries. 

The  question  to  be  decided  is:  what  symptoms  are  produced  by  the 
sudden  obliteration  of  small  or  large  coronary  arteries?  The  emboli,  if  any 
there  be,  are  derived  from  the  lungs,  the  cavities  of  the  heart,  or  the  arterio- 
sclerotic wall  of  the  coronary  arteries  themselves.  If  thrombosis  runs  a 
rapid  course,  it  is  almost  always  due  to  disease  of  the  vessel-wall. 

In  the  first  place,  it  is  positively  known  that  in  man  more  or  less  com- 
plete occlusion  of  at  least  a  portion  of  a  branch  of  the  first  order,  if  not  of 
an  entire  coronary  artery, — for  example,  the  ramus  descendens  anterior 
of  the  left  coronary  vessel, — is  perfectly  compatible  with  continuance  of 
life.  This  we  know  from  the  fact  that  large  infarcts  of  the  heart,  often 
of  old  standing,  in  a  state  of  calcification  and  corresponding  to  the  dis- 
tribution of  one  of  the  above-mentioned  vessels,  are  not  infrequently 
seen  at  the  autopsy  table.* 

It  is  possible  that  the  accident  sometimes  happens  without  any  symp- 
toms that  the  patient  is  aware  of;  he  lives  on  and  never  suspects  what 
an  abyss  he  has  escaped. 

But  in  other  cases  it  is  possible,  at  least,  to  surmise,  with  a  fair  degree 

♦See,  e.  g.,  Birch-Hirschfeld,  "Lehrbuch  der  pathologischen  Anatomie,"  fourth 
edition,  vol.  ii,  p.  110.  Also  Sternberg,  "Ueber  Erkrankungen  des  Herzmuskels 
im  Anschluss  an  Storungen  des  Coronararterien-Kreislaufes,"  Dissertation,  Mar- 
burg, 1887. 
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of  probability,  that  an  attack  of  severe  stenocardia  or  a  temporary  attack 
of  cardiac  failure  has  had  something  to  do  with  the  occlusion  of  the  vessel. 
The  heart  failure  in  these  cases  is,  as  a  rule,  associated  with  marked  subjec- 
tive symptoms,  especially  pressure  on  the  chest,  pain,  and  a  sensation  of 
fear — in  short,  all  the  symptoms  described  imder  stenocardia.  The  heart 
action  is  weak  and  almost  always  retarded.  In  other  words,  there  is 
genuine  weakness  of  the  organ.  Sometimes  the  condition  is  temporary 
and  its  connection  with  obstruction  of  a  coronary  artery  is  not  recognized 
until  later,  when  the  patient  dies  and  a  large  infarct  of  some  standmg  is 
found.  The  attack  may,  however,  end  fatally  after  a  variable  length  of 
time,  or  even  at  once,  or  after  a  few  hours. 

Sometimes  the  final  catastrophe  is  preceded  for  a  period  of  minutes  or 
even  hours  by  symptoms  which,  at  first,  do  not  specially  attract  the  atten- 
tion of  the  patient  or  those  around  him,  but  which,  nevertheless,  in  re- 
trospection, reveal  themselves  as  the  beginning  of  the  end, — since  death  is 
not  infrequently  due  to  rapidly  progressing  thrombosis  of  the  coronary 
arteries, — a  certain  feeling  of  anxiety,  pain  in  the  chest,  lassitude,  and 
vague  discomfort. 

In  another  class  of  patients  the  softening  of  the  portion  of  the  muscle 
from  which  the  blood-supply  has  been  cut  off  leads  to  laceration  of  the 
heart-wall  and  the  whole  symptom-complex  of  rupture  of  the  heart. 

Finally,  some  patients  fall  dead  at  the  instant  when  occlusion  of  the 
vessel  takes  place,  either  without  presenting  any  special  symptoms  or 
immediately  after  the  beginning  of  an  attack  of  angina  pectoris.  Steno- 
cardia and  coronary  embolism  are  the  most  frequent  causes  of  sudden 
death  in  persons  in  the  second  half  of  life. 

Why  the  clinical  symptonis  of  occlusion  of  the  coronary  vessel  are  so 
different  in  different  cases  is  not,  in  my  opinion,  as  yet  susceptible  of 
explanation.  I  do  not  believe  that  the  contractions  of  the  heart  cease 
because  part  of  the  organ  no  longer  contracts.  My  reason  for  not  believing 
this  is  that  large  portions  of  the  heart-wall  sometimes  suffer  structural 
as  well  as  functional  death  without  the  activity  of  the  organ  being  com- 
pletely abolished,  and,  on  the  other  hand,  sudden  death  may  occur  solely 
as  the  result  of  stenosis  at  the  orifice  of  a  coronary  vessel,  without  complete 
occlusion. 

The  heart  is  extremely  sensitive  to  many  different  kinds  of  influences.  Any 
one  who  has  performed  experiments  on  the  circulation  of  animals,  especiidly  do^, 
must  be  fully  aware  of  this  fact.  Fatal  fluttering  of  the  heart,  or  delirium  cordis ^ 
often  follows  the  slightest  manipulation,  such  as  merely  grasping  the  heart  or  exert- 
ing very  moderate  traction  on  the  viscus,  manipulations  which,  at  other  times, 
are  not  followed  by  untoward  results.  Physiologists  are  still  unable  to  say  what 
is  the  ultimate  reason  for  this  curious  phenomenon;  it  can  be  produced  by  ligation 
of  the  coronary  arteries.*  On  the  other  hand,  the  ligation  is  often  tolerated,  pro- 
vided the  ligated  vessel  is  not  a  main  artery  ,t  as  is  complete  anemia  of  the  entire 
heart  lasting  many  minutes  and  more,t  and  fluttering  is  much  more  often  observed 
when  nothing  whatever  has  been  done  to  the  coronary  vessels.  I  myself  have  seen 
this  again  and  again  after  many  different  interventions,  and  very  often  when  I 

*  V.  Bezold,  "Untersuchun^n  aus  dem  physiologischen  Laboratorium  zu  WOrz- 
burg,"  vol.  ii,  p.  256.  Cohnheim  and  v.  Schulthess-Rechberg,  "Virchow's  Arch.." 
vol.  Ixxxv,  p.  503.  Samuelson,  "Zeitschrift  ftir  klinische  Medicin,"  vol.  ii,  p.  12. 
Michaelis,  **Zeitschrift  ftlr  klinische  Medicin,"  vol.  xxiv,  p.  270. 

t  Porter,  "Pflttger's  Archiv,"  vol.  Iv,  p.  366,  and  "Journal  of  Physiology,"  vol. 
XV,  p.  122. 

t  Panum,  "Virchow's  Archiv,"  vol.  xxv,  p.  312.  Tigerstedt,  "Skandinavisches 
Archiv  ftir  Physiologic,"  vol.  v,  p.  71.  Compare  iWd.,  "Lehrbuch  der  Physiologie 
des  Kreislaufes,"  p.  190. 
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was  not  conscious  of  having  done  anything  special  to  the  heart  Hence  in  my  opin- 
ion there  is  some  intermediate  link  of  which  we  are  still  ignorant*  between  occlu- 
sion of  a  coronary  artery  and  the  occurrence  of  heart  failure.  This  unknown  con- 
necting event  sometimes  follows  occlusion  of  the  coronary  arteries,  and  at  others 
does  not.  It  occurs  more  readilv  in  some  species  than  in  others,  and  also  in  some 
individuals  of  the  same  species  than  in  others;  for  example,  the  dog's  heart  is  dis- 
tinctly more  sensitive  than  that  of  the  rabbit.    The  reason  for  this  is  not  known. 

Nevertheless;  anemia  of  large  portions  of  the  heart  muscle  is  anything 
but  an  indifferent  condition.  Although  the  human  subject  sometimes 
tolerates  occlusion  of  large  branches  of  the  coronary  arteries,  the  reason 
probably  is  that  the  occlusion  always  takes  place  in  arteries  that  are  al- 
ready diseased,  that  is,  in  organs  that  are  already  accustomed  to  certain 
insults  and  have  in  part  lost  their  sensibility.  Intact  coronary  vessels 
and  hearts  appear  to  be  distinctly  more  sensitive,  and  usually  lose  their 
functional  power  at  once  after  occlusion  of  one  of  the  larger  branches.f 
This  is  quite  in  accord  with  the  observations  discussed  in  connection 
with  fatal  stenocardia.  In  such  cases  it  is  quite  common  to  find  stenosis 
at  the  orifice  of  the  coronary  arteries,  which  are  more  or  less  unchanged.  I 
have  frequently  seen  this  m3rself,  and  sometimes  the  condition  can  even 
be  diagnosticated  during  life. 

In  these  cases  of  sudden  death  occurring  after  occlusion  and  narrowing 
of  the  coronary  arteries  (in  angina  pectoris)  some  special  change  unquestion- 
ably occurs  which  ought  to  interest  the  physiologist  quite  as  much  as  the 
clinician.  When  the  heart  action  ceases  from  some  other  cause,  the  cir- 
culation is  suddenly  extinguished  and  the  well-known  symptoms  of  acute 
asphyxia  are  observed.  The  frightful  convulsions  of  respiratory  and 
skeletal  muscles  can  never  be  forgotten  by  one  who  has  once  seen  them. 
In  occlusion  of  a  coronary  artery  the  interruption  of  the  circulation  is  also 
quite  abrupt — more  sudden,  in  fact,  than  under  any  other  circumstances, 
and  yet  there  is  no  trace  of  these  terrific  symptoms.  The  patients  die 
without  changing  countenance,  so  to  speak,  especially  those  who  die  in  an 
attack  of  angina;  they  maintain  after  death  the  very  same  attitude — 
often  a  very  curious  one — that  they  had  last  assumed  during  life.  It 
appears,  therefore,  that  the  heart  must  exert  some  very  special  and,  from  a 
physiologic  standpoint,  mysterious  influence  on  the  nervous  system. 
Tlus  again,  in  my  opinion,  points  to  some  peculiar  process  in  the  heart  in 
this  condition. 
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A  FEW  REMARKS  ON  THE  DISEASES  OF  THE  HEART 
OCCURRING  AFTER  RENAL  AFFECHONS* 

Even  the  older  physicians  believed  that  a  close  connection  probably 
€xisted  between  the  function  of  the  heart  and  that  of  the  kidneys,  but  it 
was  not  until  the  nineteenth  century  that  the  many  pathologic  relations 
which  actually  exist  between  these  two  organs  began  to  be  more  accurately 
known.    In  fact,  every  relation  that  is  conceivable  on  theoretic  grounds 

*  Compare  v.  Frey,  "Zeitschrift  fOr  klinische  Medicin,"  vol.  xxv,  p.   158. 
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actually  occurs.  The  changes  in  the  renal  function  caused  by  diseases 
of  the  heart  are  discussed  on  p.  524;  a  simultaneous  disturbance  of  both 
organs  is  found  chiefly  in  arteriosclerosis  (see  p.  675).  The  latter  disease 
is,  in  fact,  capable  of  injuring  the  heart  as  well  as  the  kidneys  in  a  great 
variety  of  ways. 

We  here  hiave  to  deal  with  a  large  group  of  abnormal  cardiac  conditions 
which  are  dependent  on  changes  in  the  kidneys.  We  cannot  devote  more 
than  a  few  words  to  the  subject;  because  most  of  it  cannot  be  discussed 
without  going  into  the  details  of  renal  pathology,  and  with  the  latter  we 
have  to  do  only  in  so  far  as  it  has  any  bearing  on  actual  diseases  of  the 
heart. 

In  a  great  many  renal  diseases  the  labor  of  the  heart  is  increased, 
chiefly  that  of  the  left  ventricle,  but  also  that  of  the  right.  In  many  forms 
of  nephritis  the  pulse  becomes  hard  and  the  second  sound  at  the  base  ac- 
centuated. If  the  disease  is  protracted,  hypertrophy  of  the  heart  muscle 
develops.  It  is  true  that  the  various  forms  of  nephritis  by  no  means 
produce  increase  of  the  work  of  the  heart  and  hypertrophy  to  the  same 
d^ree,  and  this  may  possibly  have  an  important  bearing  on  the  theoretic 
explanation  of  the  symptoms.  We  cannot  go  into  this  question  at  this 
point,  nor  shall  we  discuss  the  reasons  for  the  occurrence  of  increased 
arterial  tension  and  hypertrophy  of  the  heart.* 

So  long  as  the  hypertrophied  heart  performs  its  work,  the  condition 
rarely  presents  any  diagnostic  difficulties.  For,  owing  to  the  renal 
disease,  there  is,  in  the  majority  of  cases,  some  albuminuria,  which,  how- 
ever, is  absent  when  there  is  disease  of  the  heart  with  insufficiency  of  the 
muscle.  All  the  other  signs  of  nephritis,  such  as  edema,  anemia,  al- 
buminuric retinitis,  are  also  present.  It  may  be  difficult  to  distinguish 
between  cardiac  hypertrophy  accompanying  genuine  contracted  kidney 
and  the  cardiac  hypertrophy  produced  by  arteriosclerosis.  The  physician 
should  be  extremely  cautious  in  giving  an  opinion  after  the  first  examina- 
tion in  cases  of  this  kind.  For  albumin  may  be  absent  at  times  in  granular 
atrophy,  and,  on  the  other  hand,  it  may  be  present  in  arteriosclerosis 
during  periods  when  the  heart  is  able  to  do  its  work — ^because  the  changes 
in  the  blood-vessels  lead  to  peculiar  morbid  processes  in  the  kidney  (arterio- 
sclerotic contracted  kidney,  see  p.  675). 

Careful  observation,  however,  will  in  many  cases,  at  least,  permit  a 
dififerential  diagnosis.  In  arteriosclerosis  the  hypertrophy  is  usually  less 
marked  and  generally  affects  the  left  side  of  the  heart  only;  also  it  is,  as  a 
rule,  associated  with  dilatation,  and  the  second  sounds  at  the  base  frequently 
have  a  ringing  quality.  In  contracted  kidney  we  have  marked  hyper- 
trophy of  both  ventricles,  an  increase  in  the  quantity  of  urine,  usually 
with  some  albumin,  and  possibly  the  changes  in  the  eye-ground.  The 
character  of  the  pulse  and  the  condition  of  the  blood-vessels  must  be 
utilized  with  extreme  caution  in  making  the  diagnosis.  There  is  no  doubt 
that  in  many  cases  of  genuine  contracted  kidney,  especially  in  younger 
individuals,  the  pulse  is  hard,  although  the  vessel-wall  presents  no  distinct 
changes.  It  is  quite  true  that  the  changes  in  the  vessel-wall,  the  hardness, 
and  the  deposition  of  the  calcareous  plates,  are  the  most  prominent 
features  in  arteriosclerosis.  Nevertheless,  one  is  very  easily  led  into 
error.  In  the  first  place,  genuine  sclerosis  sometimes  develops  as  the 
result  of  contracted  kidney.    In  the  second  place,  the  changes  in  the 

*  Compare  Senator,  Nothnagel's  "  Specielle  Pathologie  und  Therapie/'  vol.  xix. 
Krehl,  "Pathologische  Physiolo^e,"  p.  32. 
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peripheral  arteries  may  be  wanting  in  arteriosclerosis,  and  it  must  be 
remembered  that  hypertrophy  of  the  heart  is  chiefly  dependent  upon 
sclerotic  changes  in  the  splanchnic  vessels,  while  dilatation  is  most  apt 
to  follow  sclerosis  of  the  coronary  vessels.  Finally,  even  the  experienced 
physician  often  finds  it  exceedingly  difficult  to  distinguish  between  what  is 
really  a  hard  pulse  (high  blood-pressure)  and  merely  a  hard  vessel-wall. 
I  have  been  told  by  keen  observers  and  experienced  physicians  that  they 
find  this  distinction  more  and  more  troublesome  the  more  they  busy  them- 
selves with  the  subject. 

The  diagnosis  is  still  more  difficult  when  there  is  cardiac  insufficiency 
and  albuminuria  at  the  same  time.  Under  such  conditions  the  questions 
to  decide  are  whether  the  heart  or  the  renal  affection  is  primary,  and' 
whether  the  condition  is  a  nephritis  or  passive  congestion  of  the  kidney. 
In  discussing  this  question  the  diseases  of  the  heart  may  be  placed  on  one 
side  and  the  changes  in  the  kidney  on  the  other.  Of  the  abnormal  condi- 
tions of  the  heart,  the  ones  to  be  considered  chiefly  are  chronic  diseases  of 
the  muscle,  especially  coronary  sclerosis  and  myocarditis,  and  perhaps 
also  the  cardiac  insufficiency  of  beer-drinkers.  For  the  least  difficult 
point  to  decide,  at  least  if  the  case  can  be  kept  under  observation  for  some 
time,  is  whether  the  fundamental  condition  is  a  myocarditis  associated 
with  a  valve  lesion — so-called  vsdvular  heart  disease.  It  is  by  no  means 
always  a  simple  question  of  differential  diagnosis  from  arteriosclerosis; 
for  in  the  conditions  now  under  discussion  there  is,  as  a  matter  of  fact, 
quite  frequently  sclerosis  of  the  vessels,  but  it  is  a  sclerosis  accompanied 
by  some  disease  of  the  kidney.  It  may  often  have  to  be  decided  whether, 
in  a  case  of  caidiac  insufficiency  dependent  on  arteriosclerosis,  there  is  at 
the  same  time  a  recognizable  disease  of  the  kidneys  or  not. 

In  the  foregoing  pages  we  have,  of  course,  frequently  been  compelled 
to  discuss  the  difficulties  of  differential  diagnosis  and  have  explained  at 
length  what  deductions  are  to  be  made  from  the  urinary  findings  (see  p. 
526).  The  urine  in  the  cardiac  insufficiency  of  nephritic  patients  is 
often  astonishingly  low  in  specific  gravity,  although  the  quantity  may 
be  only  moderate  or  even  diminished ;  nor  is  the  secretion  dark  and  cloudy ; 
on  the  contrary,  it  is  pale  and  almost  clear.  Romberg  has  given  a  very 
lucid  explanation  of  this  condition.  The  pulse  tension  may  be  normal  or 
even  above  normal,  although  the  patients  otherwise  present  all  the  signs 
of  cardiac  insufficiency,  such  as  dyspnea  and  enlargement  of  the  liver. 
If  the  heart  were  stronger  in  these  cases,  the  pulse  would  be  still  harder; 
hence  we  are  here  dealing  with  exactly  the  same  conditions  of  relative 
cardiac  weakness  as  have  already  been  discussed  in  connection  with  many 
cases  of  arteriosclerosis.  The  distribution  of  the  edema,  the  behavior  of 
the  urine  and  of  the  pulse,  the  possible  changes  in  the  eye-ground,  and 
the  demonstration  of  a  perceptible  hj^rtrophy  of  the  heart — all  these 
things  will  cause  the  examiner  to  think  of  a  nephritis;  and  while  they  may 
not  be  convincing,  they  are,  at  least,  strongly  in  favor  of  such  an  assumption . 
The  history  also  has  an  important  bearing,  as  well  as  the  occurrence  of 
uremic  sjrmptoms,  be  they  severe  or  mild.  These  are  absolutely  definite, 
for  it  is  positively  known  that  they  do  not  occur  in  simple  cases  of  renal 
congestion,  and  they  should,  therefore,  be  looked  for  with  special  care. 

The  course,  treatment,  and  prognosis  of  these  conditions,  which  are 
matters  that  belong  to  the  subject  of  nephritis,  will  not  be  discussed  here. 
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CHANGES  IN  THE  HEART  ACTION  DUE  TO  DISEASES  OF 

THE  LUNGS. 

The  relations  of  the  pulmonary  circulation  form  the  subject  of  a  famous 
investigation  by  Lichtheim.*  Variations  in  the  cross-section  of  the 
pulmonary  vessels,  provided  they  do  not  exceed  certain  limits,  have  only 
a  very  slight  influence  on  the  quantity  of  blood  that  passes  through  the 
lungs,  because  narrowing  or  occlusion  of  one  portion  of  the  pulmonary 
circulation  is  neutralized  by  dilatation  of  the  unaffected  vessels,  and 
because  diminution  of  the  total  cross-section  increases  the  pressure  in  the 
•pulmonary  artery  and  the  force  of  the  right  ventricle,  so  that,  although 
the  cross-section  is  smaller,  the  same  quantity  of  blood  is  able  to  pass 
through  the  system  in  a  unit  of  time.  It  is  only  when  the  cross-section  of 
the  pulmonary  circulation  has  been  reduced  by  more  than  three-quarters 
that  there  begins  to  be  a  diminution  in  the  quantity  of  blood  passing  through 
it.t 

The  velocity  of  the  same  quantity  of  blood  passing  through  the  lungs 
in  a  unit  of  time  is,  of  course,  not  without  influence  on  the  circulation. 
If  the  blood  moves  slowly,  interchange  of  gases  is  more  complete;  hence 
this  is  unquestionably  the  more  favorable  condition.  But  eUmination 
of  carbon  dioxid  and  absorption  of  oxygen  require  a  comparatively  short 
time,  and  for  this  reason  the  increase  in  velocity  which  accompanies  any 
restriction  of  the  pulmonary  circulation  is  very  useful  in  compensating 
for  the  reduction  of  the  cross-section. 

It  is  needless  to  say  that  the  cross-section  of  the  pulmonary  vessels 
has  a  very  marked  influence  on  the  amount  of  work  performed  by  the 
right  ventricle.  The  latter  increases  as  the  pulmonary  circulation  is 
narrowed,  a  fact  which  is  in  entire  accord  with  clinical  experience.  All 
those  factors  which  tend  to  narrow  the  pulmonary  vessels  when  the  str^igth 
of  the  right  heart  is  not  impaired  increase  the  pressure  in  the  pulmonary 
artery,  and  if  this  increase  persists  for  some  time,  produce  hjrpertrophy 
of  the  right  ventricle.  This  is  most  clearly  seen  in  the  rare  cases  of  sclerosis 
of  the  pulmonary  artery, %  If  the  rigidity  of  all  the  vessel-walls  in  the  entire 
pulmonary  system  is  increased,  it  always  means  that  the  resistance  to  the 
right  ventricle  has  been  greatly  augmented;  and  if  this  resistance  is  over- 
come, it  follows  that  the  muscle  of  the  right  ventricle  must  undergo  hjrper- 
trophy. 

The  effect  on  the  circulation  is  apparent,  even  in  acvie  pneumonia,  and, 
as  we  have  seen  in  the  section  on  Acute  Myocarditis,  is  sometimes  capable 
of  injuring  the  circulation. 

Increased  action  and  hypertrophy  of  the  right  ventricle  are  also  ob- 
served in  pulmonary  emphysema  on  account  of  the  obliteration  of  blood- 
vessels, which  is  a  feature  of  this  disease.  In  this  condition  accentuation 
of  the  second  pulmonic  sound  is  an  integral  part  of  the  clinical  picture 
so  long  as  the  heart  performs  its  work,  and  is,  in  fact,  a  valuable  sign  that 
compensation  is  preserved. 

Practically  the  same  conditions  are  present  in  all  the  other  forms  of 
stenosis  of  the  pulmonary  tract,  such  as  chronic  pneumonia  ivHh  contraction, 
kyphoscoliosis,  deformities  of  the  thorax  of  every  kind,  pleural  exudates,  and 

*  Lichtheim,  "  Die  Storungen  des  LuDgenkreislaufes/'  Berlin,  1876. 

t  Krehl,  " Pathologische  Physiologie,"  p.  27. 

t  Romberg,  **Archiv  far  klinische  Medlcin,"  vol.  xlviii,  p.  197. 
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even  jndmonary  tuhercvloaiB,*  The  size  of  the  right  ventricle  remained 
longest  in  doubt  in  tuberculosis,  and  the  supposed  absence  of  hypertrophy 
was  usually  attributed  to  a  diminution  in  the  entire  quantity  of  blood. 
But  we  now  taiow,  chiefly  through  the  investigations  carried  on  by  Hirsch 
after  the  method  of  W.  Miiller,!  that  the  weight  of  the  right  ventricle  is 
rather  large  as  compared  with  the  actual  body-weight;  for  it  must  be 
remembered  that  edema  is  apt  to  cause  errors  in  the  estimation  of  the 
body-weight. 

In  Germany  it  is  possible  that  too  little  attention  has  been  paid  to  the 
clinical  behavior  of  the  heart  in  pulmonary  tuberculosis,  while  the  French 
have  busied  themselves  a  great  deal  with  the  question.!  The  heart  action 
may  be  modified  in  a  variety  of  ways:  it  may  be  accelerated,  retarded, 
irregular,  or  unequal.  The  patient  is  often  very  unpleasantly  aware  of 
these  changes  in  the  rhythm,  and  it  is  possible  that  they  may  have  an 
important  influence  on  the  course  of  the  pulmonary  disease.  There  is 
reason  for  believing  that  the  deficient  heart  action  in  tuberculosis  has  a 
very  unfavorable  effect  on  the  circulation.  I  m3rself  have  seen  instructive 
examples  of  this  fact.  I  cannot  find  any  satisfactory  investigation  of  the 
reasons  why  these  anomalies  in  the  rhythm  and  the  strength  of  the  heart 
take  place  in  tuberculosis.  It  would  be  well  worth  while  to  institute  a 
series  of  observations  on  a  large  number  of  patients. 

Pleural  adhesions  also  cause  increased  action  and  hypertrophy  of  the 
right  ventricle.§  This  is  explained  by  the  fact  that  the  blood-stream  in 
the  pulmonary  circulation  is,  under  all  circumstances,  very  much  influenced 
by  the  respiratory  movements.  If  the  latter  are  abolished,  congestion 
of  the  pulmonary  artery  results,  and  this,  of  course,  leads  to  hypertrophy 
of  the  right  ventricle. 

Hypertrophy  of  the  heart  is  also  said  to  follow  protracted  cases  of 
whoo'pirvg-^ough,^  The  explanation  in  this  case  is  distinctly  more  difficult. 
First  of  all,  the  cause  must  be  sought  in  the  paroxysms  of  cough,  which 
are  associated  with  forced  expiration  and  hence  an  increase  of  pressure  in 
the  pulmonary  and  systemic  arteries.  In  this  way  the  cough  might 
readily  cause  an  increase  in  the  work  of  the  heart.  Other  factors  are 
circulatory  disturbances,  possibly  associated  with  the  inflammation  in 
the  bronchi,  and  perhaps  also  anomalies  in  the  elasticity  of  the  lungs;  but 
before  indulging  in  speculation  it  would  be  well  to  wait  for  a  few  more 
observations. 

In  general  the  action  of  the  right  ventricle  has  an  important  influence 
on  the  pathology  of  numerous  pulmonary  diseases.  So  long  as  the  ventricle 
contracts  vigorously — accentuation  of  the  second  pulmonic  sound  is  a 
positive  sign  that  this  is  the  case — there  is  no  danger,  because  even  very 
great  narrowing  in  the  pulmonary  circulation  is  relatively  well  borne. 
The  respiration  is,  of  course,  somewhat  more  impeded  than  in  health,  and 
these  patients  by  no  means  have  the  same  power  of  responding  to  any  extra 
demands  made  upon  them.  But  if  the  patient  were  to  remember  this 
and  economize  his  strength,  he  might  live  in  tolerable  comfort  and,  within 
certain  limits,  might  even  be  able  to  work. 

♦Reuter,  "Ueber  die  Grdssenverhftltnisse  des  Herzens  bei  Lungentuberculose," 
Dissertation,  Munich,  1884.    Compare  Krehl,  ''Pathologische  Physiologie/'  p.  28. 
t  Hirsch,  "Archiv  filr  klinische  Medicin,"  vol.  Ixviii,  p.  328. 
i  See,  e.  g.,  Potain,  "Clinique  m^dicale,"  p.  187. 
{  B&umler,  "Archiv  fiir  klinische  Medicin,"  vol.  xix,  p.  471. 
II  Hauser,  ''Berliner  medicinische  GeseUschaft,"  June  17,  1896. 
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As  soon,  however,  as  the  strength  of  the  right  heart  begins  to  fail,  a 
change  takes  place;  for  then  the  quantity  of  blood  passing  through  the 
lungs  is  diminished.  Dyspnea  now  makes  its  appearance,  even  during 
rest,  and  is  greatly  increased  whenever  an  extra  demand  is  made  on  the 
heart,  especially  during  muscular  exertion.  Dilatation  of  the  right  ventri- 
cle develops,  showing  that  its  contractions  have  weakened,  and  the  accen- 
tuation of  the  second  pulmonic  sound  diminishes.  At  the  same  time  the 
flow  of  venous  blood  to  the  right  heart  is  obstructed,  the  liver  becomes 
enlarged;  cyanosis,  albuminuria,  and  edema  are  superadded.  The 
patients  present  all  the  symptoms  of  weakness  of  the  right  ventricle 
(seep.  494). 

These  symptoms  follow  anything  that  acts  unfavorably  on  the  structure 
and  function  of  the  right  heart.  Thus  they  may  be  produced  by  an3rthing 
that  increases  the  demand  on  its  strength.  A  great  many  patients  with 
obstruction  of  the  pulmonary  circulation  and  compensatory  hjrpertrophy 
of  the  right  ventricle  are  tolerably  comfortable  so  long  as  they  keep  perfectly 
quiet  and  are  not  required  to  do  an3rthing  in  particular.  But  the  slightest 
demand  on  their  strength,  such  as  would  make  no  impression  on  a 
healthy  person,  is  capable  of  bringing  on  the  most  alarming  heart  symp- 
toms. An  acute  pneumonia  is  a  much  more  serious  matter  when  the 
pulmonary  circulation  is  diseased  than  in  a  healthy  person.  Even  a  rela- 
tively slight  bronchitis  may  be  serious  under  such  circxmistances.* 
Any  infection  capable  of  weakening  the  heart  is  to  be  dreaded  in  these 
cases.  Inflammatory  processes  of  the  heart  muscle  and  sclerosis  of  the 
coronary  arteries  are  exceedingly  apt  to  produce  signs  of  insufficiency. 
And,  finally,  the  significance  of  a  multiplicity  of  injurious  factors,  which 
has  been  referred  to  so  often  in  these  pages,  must  be  insisted  upon  once 
more  in  connection  with  these  conditions. 

In  a  great  many  cases  failure  of  the  right  heart  is  not  accompanied  by 
any  special  events,  and  the  myocardium  fails  to  show  any  alterations  even 
on  careful  postmortem  examination.!  It  is  probable  that  in  these  cases 
the  obstruction  in  the  pulmonary  circulation  exceeds  the  above-mentioned 
limits  and  is  not  equalized  even  by  the  increase  in  power  of  accommodation 
which  accompanies  the  hypertrophy  of  the  right  ventricle.  In  such  cases 
the  disproportion  between  the  absolute  demand  on  the  heart  and  its 
functional  power  would  furnish  a  perfect  explanation  of  the  phenomena. 
Possibly  processes  similar  to  those  which  occur  in  fatigue  are  superadded; 
the  cardiac  insufficiency,  in  many  cases  of  chronic  nephritis,  no  doubt 
presents  a  complete  parallel.  In  kidney  disease  also  the  heart  sometimes 
gives  out  toward  the  end  without  being  really  diseased,  simply  because 
the  demands  made  upon  it  exceed  the  limit  of  what  it  is  able  to  do.  The 
clinical  picture  in  such  a  case  also  presents  the  well-known  phenomena  of 
profound  cardiac  weakness. 

Of  the  conditions  that  have  been  mentioned,  pulmonary  emphysema 
is  the  most  important;  in  it,  circulatory  disturbances  play  the  most  im- 
portant part.  And  it  is  just  in  this  disease  that  one  not  infrequently 
finds  symptoms  referable  not  only  to  the  right  heart,  but  to  the  left  heart 
as  well — in  other  words,  the  patients  have  all  the  symptoms  of  ordinary 
cardiac  insufficiency.  In  my  opinion,  the  involvement  of  the  left  heart 
cannot  be  explained  by  the  anomaly  in  the  lungs.     It  is  true  that  Traube 

♦Compare  Traube,  *'Beitrage,"  vol.  iii,  p.  354. 

tKurzak,  "Dissertation,"  Mttnich.  1883.  Neidert,  "Dissertation,"  MQnich, 
1886.     Forstmann.  "Dissertation,"  Leipzig,  1890.     (Not  published.) 
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tion  with  the  adhesion,  some  change  in  the  heart  muscle  takes  place,  the 
change  is  not  necessarily  hypertrophy,  but  may  be  atrophy. 

In  the  literature,  which  is  quite  abundant,  both  conditions  are  men- 
tioned— cardiac  hypertrophy  as  well  as  cardiac  atrophy  after  pericardial 
adhesions.  Either  condition  is  conceivable,  but  it  will  not  do  to  declare 
dogmatically  that  it  must  be  thus  or  so ;  for  the  character  of  the  phenomena 
depends  entirely  on  the  conditions  present  in  the  individual  case.  The 
questions  to  be  answered  in  the  individual  case  are  whether  these  condf- 
tions  are  capable  of  interfering  with  the  contraction  of  the  heart  and 
whether  the  muscle  is  capable  of  responding  to  any  additional  demands 
made  upon  it  or  not.  But  it  is  by  no  means  easy  to  give  a  definite  opinion 
on  these  points.  In  discussing  them  the  position  of  the  heart  and  the 
character  of  the  external  adhesion,  as  well  as  the  condition  of  the  myo- 
cardium and  of  the  valves  must  be  taken  into  account.  Failure  to  make 
allowance  for  these  things  partly  explains  the  great  diversity  of  views  and 
the  bitter  partizanship  displayed  in  their  defense. 

The  heart,  as  has  been  explained,  may  not  be  affected  at  all ;  in  fact, 
this  is  the  rule  in  simple  obliteration  of  the  pericardium,  and  is  readily 
understood.  Before  it  can  be  said  that  mediastinopericarditis  causes 
hypertrophy  of  the  heart,  it  is  necessary  to  exclude  vdve  lesions  and 
changes  in  the  arteries  and  in  the  kidneys;  and  before  the  same  condition 
can  be  assimied  to  cause  insufficiency  and  atrophy,  myocarditis  must  be 
excluded.  Hence  new  cases  must  be  collected  regaiding  this  point.  And 
then,  what  will  be  left? 

If,  however,  for  the  present,  the  existence  of  mediastinopericardial 
inflanmiation  and  adhesion  are  to  be  r^arded  as  possible  causes  of  in- 
sufficiency of  the  heart  muscle,  we  must  inquire  whether  this  form  of 
cardiac  insufficiency  is  clinically  distinguishable  from  other  forms. 

We  have  to  deal  only  with  the  diagnosis  of  mediastinopericardial 
adhesions,  for  simple  obliteration  of  the  pericardial  sac  cannot  be  recog- 
nized clinically.  Nor  can  the  former  condition  always  be  recognized  with 
certainty,  a  point  that  has  been  explained  at  length  in  the  section  on 
Pericarditis.  Here  I  shall  merely  mention  that,  aside  from  the  patient's 
statements,  the  most  valuable  diagnostic  signs  are  extensive  systolic  re- 
traction of  large  portions  of  the  ribs  and  of  the  sternum.  The  mere  systolic 
retraction  of  a  single  intercostal  space  is  not  conclusive,  for  it  occurs  in  a 
variety  of  other  conditions,  and,  above  all,  it  may  be  due  to  some  unknown 
cause. 

It  is  true,  on  the  other  hand,  that  cases  of  intrapericardial  and  extra- 
pericardial  adhesions  have  been  known  without  any  systolic  retractions 
whatever  during  life.  But  after  analyzing  the  reports  of  these  cases  I  find, 
as  before,  that  the  observers  have  neglected  to  investigate  whether  there 
were  adhesion  of  the  two  layers  of  the  pericardium  and  fixation  of  the 
heart  to  the  vertebral  column  as  well  as  to  the  chest-wall.  For  extensive 
systolic  retraction  is,  in  all  probability,  due  to  the  inability  of  a  strongly 
contracted  heart  to  attain  its  systolic  minimum  (size)  without  forcing 
some  portion  of  the  chest-wall  to  which  it  is  adherent  to  yield  to  its  traction. 
The  symptom,  therefore,  presupposes  vigorous  systoles  and  a  definite 
form  of  adhesion,  conditions  that  are  probably  not  realized  in  every  case. 
I  am,  therefore,  inclined  to  think  that  extensive  systolic  retraction  of  the 
ribs  or  sternum  points  with  great  probability  to  the  existence  of  mediastino- 
pericardial adhesions  characterized  by  a  certain  definite  arrangement. 
This  assumption  would  be  strengthened  if,  at  the  same  time,  it  were  found 
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Weiss,  "Ueber  die  Verwachsung  des  Herzens  mit  dem  Herzbeutel,"  "Oesterreich- 
ische  medicinische  JahrbUcher,"  1876.  Abstract:  " Virchow-Hirsch,"  1876,  vol. 
ii,  p.  185. 

Widenmann  (Griesinger),  "Beitrag  zur  Diagnose  der  Mediastinitis/'  Dissertation, 
Tabingen,  1856.      . 


SUDDEN  RUPTURE  OF  THE  HEART  HUSCLR 

Rupture  of  the  heart  muscle  may  occur  after  traumatism,  which  will 
be  discussed  in  a  separate  section.  The  accident  occurs  without  any 
external  injury  only  when  marked  increase  in  the  intracardial  pressure  is 
superadded  to  profound  structural  changes.  That  is,  part  of  the  muscula- 
ture must  still  retain  sufficient  strength  to  cause  a  marked  rise  of  the  blood- 
pressure,  and,  on  the  other  hand,  some  grave  lesion  must  have  greatly 
diminished  the  resistance  of  a  circumscribed  portion  of  the  heart-wall. 
The  increase  in  pressure  is  often  brought  about  by  some  special  factor,  such 
as  violent  bodily  exertion,  for  example,  although  the  ordinary  systolic 
contractions  may  also  suffice  to  bring  it  about;  the  essential  thing  is  the 
disproportion  between  blood-pressure  and  resisting  power  of  the  heart- 
wall.  The  less  resistant  the  latter,  the  smaller  the  degree  of  violence 
necessary  to  produce  the  effect.  Nothing  is  to  be  gained  in  a  clinical 
description  by  enumerating  all  the  causes  that  may  produce  increase  of 
intracardial  pressure  and  which,  as  appears  from  a  study  of  the  extensive 
literature,  have  actually  produced  rupture  of  the  heart.  It  is  an  interest- 
ing fact,  that  in  one  case  in  which  the  heart  muscle  was  friable,  rupture  was 
brought  about  by  the  action  of  digitalis.* 

Rupture  takes  place  most  frequently  through  a  so-called  aneurysm  of 
the  heart  in  myocarditis,  coronary  sclerosis,  or  embolic  occlusion  of  the 
coronary  arteries.  The  rupture  often  takes  place  at  the  apex;  although 
tears  of  the  heart  have  been  observed  in  a  number  of  other  places,  espe- 
cially in  the  external  wall  of  the  left,  and  much  more  rarely  of  the  right 
ventricle.  The  pericardium  rapidly  fills  with  blood  and  death  ensues  from 
suffocation  on  account  of  compression  of  the  venae  cavae,  as  Cohnheim 
proved.f  Death  often  occurs  so  suddenly  that  there  is  no  time  for  any 
symptoms  to  develop  except  those  of  the  most  acute  anemia  and  asphyxia; 
occasionally  the  patient  has  time  to  utter  a  loud  cry  or  complains  of  fright- 
ful pain. 

In  other  cases  rupture  of  the  heart  takes  place  by  degrees,  and  the 
blood  escapes  slowly.  Sometimes  the  escape  of  the  blood  is  delayed  by 
temporary  occlusion  of  the  opening  with  blood-clots  or  because  the  blood 
slowly  burrows  its  way,  so  to  speak,  through  a  diseased  heart-wall.  This 
is  much  more  common  than  is  generally  believed.  The  entire  process  lasts 
hours  and  sometimes  even  days,  and  the  patient  dies  with  tJie  symptoms 
of  slowly  progressing  hemopericardium;  pallor,  cyanosis,  and  shortness 
of  breath  gradually  develop.  The  heart  action  becomes  more  and  more 
feeble,  and  the  organ  is  finally  arrested  in  complete  asystole.  As  the 
change  in  the  heart  wall  is  so  frequently  due  to  coronary  sclerosis,  the 
clinical  picture  is  often  complicated  by  the  symptoms  of  profound  steno- 
cardia. A  peculiar  feature,  and  one  that  is  of  some  diagnostic  importance, 
is  that  many  patients  complain  chiefly  of  pain  in  the  abdomen  and,  as  they 

*  KroU,  "Dissertation,"  Greifswald,  1895. 

t  Cohnheim,  "Allgemeine  Pathologie,"  second  edition,  vol.  i,  p.  29. 
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SO-CALLED  DEVELOPHENTAL  HYPERTROPHY  OF  THE 

HEART. 

Germain  S6e  made  the  assertion*  that  in  children  and  young  persons 
about  the  time  of  puberty  hypertrophy  as  well  as  dilatation  of  the 
cavities  of  the  heart  occurs  with  special  frequency,  and  that  there  is 
a  connection  between  these  diseases  and  the  peculiar  mode  of  development 
of  the  infantile  heart,  which,  according  to  Beneke,t  has  periods  of  sudden 
growth,  as  well  as  with  the  peculiar  sensitiveness  of  the  infantile  heart 
to  the  effects  of  exercise. 

In  Germany  this  theory  of  developmental  hypertrophy  never  attracted 
much  attention,  while  in  France  a  lively  discussion  sprang  up  about  the 
question,  and  sides  were  taken  for  and  against  S^e's  views.  { 

W.  Miiller's  observations  §  have  given  us  a  more  accurate  knowledge 
of  the  growth  of  the  heart  in  the  chUd  and  have  shown  that  the  growth 
is  essentially  proportional  to  the  mass  of  the  body,  and  that  like  the 
latter,  the  heart  increases  rapidly  in  size  during  puberty.  Hence  it 
is  quite  conceivable  that  there  should  be  a  certain  disproportion  between 
the  development  of  the  body-mass  (or  rather,  more  correctly,  the  muscles) 
and  the  size  of  the  heart,  presenting  to  the  examining  physician  the  pic- 
ture of  an  anomaly  and  possibly  causing  actual  discomfort  to  the  patient. 

I  had  the  opportunity  in  the  Jena  as  well  as  in  the  Marburg  Poli- 
clinic to  see  a  large  niunber  of  children  and  young  people,  for  I  was 
able  to  make  minute  examination  of  the  200  or  more  apprentices  and 
young  workmen  in  the  optical  works  of  C.  2^iss  in  Jena  twice  a  year, 

*  Germain  S^,  "Traits  des  maladies  du  coeur,"  Paris,  1889,  p.  434.  Romme, 
"Gaz.  hebdom.,"  1896,  No.  34. 

fBeneke,  ''Centralblatt  flkr  die  medicinischen  Wissenschaften,"  1879,  p.  358. 

{See  e.  g.  Romme,  "Gaz.  des  h6p.,"  1896,  No.  34.  Contains  the  literature. 
Fiessineer,  "De  la  croissance  au  point  de  vue  morbide,"  "M€m.  couronn^  par  Taca- 
d6mie  ae  m^decine,"  Paris,  1889. 

§W.  Mailer,  "Die  Massenverh&ltnisse  des  menschlichen  Herzens,"  Leipzig, 
1883,  p.  122. 
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pressure)  in  many  young  men  with  hard  arterial  walls,  and  I  was  not 
always  able  to  overcome  this  diflSculty.  It  did  not  seem  to  me  that  there 
was  any  definite  relation  between  blood-pressure  and  hardness  of  the 
arterial  walls.  For  example,  I  often  found  tense  arterial  walls  and  even 
tortuous  arteries  with  accentuation  of  the  second  aortic  sound  when 
the  pulse  was  really  not  abnormally  hard. 

Systolic  murmurs  at  the  apex  or  in  the  second  intercostal  space  on 
the  left  side  were  not  frequent,  but  were  encountered  occasionally,  with 
or  without  accentuation  of  the  second  pulmonic  sound.  Phenomena 
referable  to  the  left  heart  may  be  associated  with  symptoms  of  disease 
of  the  right;  but  more  commonly  one  part  of  the  heart  is  altered  inde- 
pendently of  any  other. 

The  walls  of  the  arteries  accessible  to  the  palpating  finger  were,  as 
has  been  mentioned,  very  often  found  to  be  tense,  and  the  vessels  them- 
selves in  such  cases  were  not  infrequently  tortuous. 

The  heart-beat  was  often  quite  frequent — rarely  irregular  and  unequal. 
I  never  observed  slowing  of  the  heart  action. 

None  of  the  young  men  had  nephritis.  Small  quantities  of  albumin 
were  found  in  the  urine  of  some  of  them;  but  this  was  not  more  frequent 
in  those  with  cardiac  weakness  than  in  others,  and  on  careful  study  the 
albuminuria  in  every  instance  revealed  the  characters  of  accidental 
(cyclic)  albuminuria.    Granular  or  epitheUal  casts  were  never  found. 

Now  all  these  heart  symptoms  were  quite  frequently  observed  in 
yoimg  men  who,  when  examined  six  months  previously,  had  been  found 
to  be  absolutely  normal,  nor  was  it  possible  to  demonstrate  any  cause 
for  their  development.  Infectious  diseases  may  be  excluded,  as  no 
such  diseases  occurred.  In  order  to  avoid  any  possible  error,  I  excluded 
from  my  statistics  one  patient  with  dilatation  of  the  heart  following 
articular  rheumatism.  I  carefully  inquired  into  the  character  of  the 
work  performed  by  the  patients.  For  the  great  majority  of  them  it 
was  certainly  not  severe;  the  only  ones  who  could  be  said  to  have  had 
heavy  work  to  do  were  the  locksmiths'  apprentices.  But  it  did  not 
seem  to  me  that  even  their  work  was  any  harder  than  that  of  other 
locksmiths,  besides  which  the  heart  was  not  affected  more  frequently 
among  the  locksmiths  than  among  the  other  yoimg  workmen  in  the 
factory. 

I  was  also  able  to  exclude  any  unusual  muscular  exercises  outside 
of  their  regular  work,  as  well  as  imprudent  drinking  of  beer  or  brandy. 
Masturbation  was  also  denied. 

There  was  not  the  slightest  reason  for  suspecting  any  form  of  metallic 
poisoning,  such  as  lead. 

In  many  cases  the  symptoms  disappeared  completely  in  the  course 
of  six  months;  but  in  most  of  the  young  men  they  lasted  longer,  being 
found  at  two  to  four  successive  examinations — that  is,  they  lasted  from 
one  to  two  years. 

Even  then  all  the  s3anptoms  may  disappear,  and,  in  fact,  this  is  the 
rule.  Usually  the  first  retrograde  change  is  the  return  of  the  heart  to 
its  normal  size,  while  the  accentuation  of  the  second  aortic  sound  and 
of  the  apex  impulse  is  the  last  to  disappear.  Quite  frequently  these 
latter  symptoms  were  still  present  when  the  young  men  were  examined 
for  the  last  time  after  having  reached  the  age  of  eighteen  years. 

I  would  not  venture  to  do  more  than  hint  at  the  cause  of  these  curious 
findings,  and  that  only  for  some  of  them;  for  the  lack  of  postmortem 
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circumstances,  easily  simulate  some  abnormality  of  size.  On  the  other 
hand,  if  the  heart  fails  to  keep  up  with  the  growth  of  the  entire  body, 
it  is  not  difficult  to  understand  that  the  organ  might  have  difficulty  in 
doing  its  work,  and  this  would  readily  explain  many  peculiar  changes 
in  its  action  and  size.  Such  an  assimiption  is  borne  out  by  the  disap- 
pearance of  the  S3miptoms  at  a  subsequent  period. 

Treatment. — Young  people  who  exhibit  the  above-mentioned  changes 
in  the  action  of  the  heart  should  be  protected  as  much  as  possible  against 
anything  capable  of  injuring  the  organ.  Moderation  in  eating  and 
drinking,  abstinence  from  any  form  of  sexual  activity  and  from  smoking, 
as  well  as  great  caution  in  regard  to  severe  active  muscular  exertion  are 
necessary.  These  things  have  an  important  bearing  on  the  choice  of 
an  occupation,  and  particularly  on  the  question  of  athletics,  especially 
bicycling.  I  would  forbid  any  occupation  that  necessitates  violent 
muscular  exercise,  and  would  prohibit  bicycling  altogether,  because 
it  is  difficult  for  persons  with  an  active  disposition  to  indulge  in  this 
form  of  exercise  with  moderation.  Foot-ball  and  the  other  games  that 
are  now  becoming  fashionable  fall  imder  the  same  ban.  On  the  other 
hand,  g3mMiastics  (without  apparatus),  if  carried  out  carefully  and  imder 
supervision,  I  believe  to  be  very  useful  for  preserving  the  strength  of 
the  heart. 

A  guarded  prognosis  must  be  given  because  it  is  difficult  to  draw  a 
dividing  line  between  these  affections  of  the  heart  and  actual  morbid 
changes  in  the  muscle;  indeed,  in  many  cases  it  cannot  be  done  with 
absolute  certainty.  But  if  the  physician  feels  sure  of  his  diagnosis  and 
can  succeed  in  enforcing  a  suitable  regime,  the  outlook  may  be  regarded 
as  distinctly  favorable. 

CASE  HISTORIES. 

1.  D.  C,  helper;  bom  in  1882.  Parents  healthy;  one  brother  died  of  heart 
disease.  Always  healthy.  At  the  examination  in  1897  and  1898  nothing  was  found. 
May,  1899:  Apex-beat  in  the  fifth  intercostal  space  within  the  nipple-line,  of  moder- 
ate height  and  resistance.  Absolute  heart  dulness  normal;  relative  extends  one 
finger-breadth  to  the  right  of  the  right  border  of  the  sternum.  A  systolic  murmur, 
heard  in  the  second  intercostal  space  on  the  left  side,  accompanies  the  first  sound. 
Second  pulmonic  sound  accentuated.  Pulse,  vessels,  urine  negative.  No  symp- 
toms. 

September,  1899:    Condition  entirely  normal. 

2.  E.  P.,  mechanic;  bom  in  1881.  Comes  of  a  healthy  family.  Was  formerly 
well.  In  1896  and  April,  1897,  nothing  was  found.  October,  1897:  The  apex- 
beat  was  high  and  hard,  one  finger-breadth  beyond  the  nipple-line  in  the  fifth  inter- 
costal space.  Absolute  dulness  extends  almost  to  the  nipple-line.  No  enlargement 
to  the  right.  Sounds  uniformly  pure.  Pulse,  arteries,  and  urine  present  nothing 
peculiar.     No  symptoms. 

April,  1898:    The  condition  is  the  same. 

December,  1898:  Size  of  the  heart  unchanged,  second  aortic  sound  accentuated, 
not  ringing.     Pulse  and  vessels  show  nothing  peculiar.     No  symptoms. 

May,  1899:  Running  brings  on  dyspnea.  Apex-beat  is  still  just  outside  the 
nipple-line  and  of  moderate  height  and  resistance.  Otherwise  nothing  abnormal 
is  found. 

3.  E.  W.,  mechanic;  born  in  1884.  Comes  of  a  healthy  family.  Has  always 
been  healthy.  December,  1898:  of  weak  build,  apex-beat  in  the  fourth  intercostal 
space  within  the  nipple-line,  high  and  hard.  Heart  dulness  normal.  Second 
aortic  sound  accentuated  and  ringing.  Arterial  walls  exceedingly  hard;  the  pulse 
presents  nothing  peculiar.     Urine  negative.     No  symptoms. 

May  and  September,  1899:    The  abnormal  signs  have  disappeared. 

4.  F.  K.,  optician;  born  in  1883.  Comes  of  a  healthy  family  and  has  had 
measles;    otherwise  has  been  healthy.    December,   1897:  Delicate  build;    heart 
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Bide  of  the  nipple-line,  high  and  hard.  No  enlargement  of  the  heart  dulnees.  The 
second  sound  at  the  apex  is  not  quite  clear;  at  the  base  it  is  very  weak.  No  other 
findings. 

11.  E.  W.,  mechanic;  born  in  1884.  Comes  of  a  healthy  family;  has  always 
been  healthy.  Examination  in  December,  1898:  Poorly  developed,  no  symptoms. 
Apex-beat  m  the  fourth  intercostal  space  within  the  nipple-line,  high  and  hard. 
Second  aortic  sound  accentuated  and  ringing;  arterial  walls  exceraingly  hard; 
the  pulse  presents  nothing  abnormal.     Urine  free  from  albumin. 

1899:    At  the  spring  and  fall  examination  everything  was  normal. 


THE  SENILE  HEART* 

There  are  numerous  statements  in  regard  to  the  condition  of  the 
heart  in  extreme  old  age;  by  some  it  is  described  as  enlarged,  by  others 
as  abnormally  small.  The  careful  observations  made  by  W.  Miiller 
positively  establish  the  fact  that  the  relative  weight  of  the  heart  in  ad- 
vanced age  is  a  little  larger  than  in  middle  age,  and  Miiller  himself  aigues 
from  this  finding  that  the  demand  on  the  heart  is  increased  and  is  met 
by  the  organ.  The  explanation  may  possibly  be  found  in  the  frequency 
of  arteriosclerosis.  As  has  been  shown  above,  arteriosclerosis  is  capable 
of  increasing  the  demand  on  the  heart,  and  this  explains  why,  in  extreme 
old  age,  the  heart  does  not  take  part  in  the  universal  atrophy  to  the 
same  extent  as  the  remaining  organs. 

As  a  matter  of  fact,  I  have  reached  the  conclusion,  both  from  a  study 
of  numerous  papers  and  from  my  own  experience,  that  the  changes  in 
the  heart  which  we  are  in  the  habit  of  regarding  as  characteristic  of  old 
age  are  chiefly  the  effects  of  arteriosclerosis.  Whether  the  senile  changes 
also  include  the  universal  increase  of  connective  tissue  described  by 
French  authors  I  will  not  venture  to  decide;  perhaps  this  change  is 
due  to  a  senile  atrophy  of  muscular  fibers  and  their  substitution  by  con- 
nective tissue. 

The  size  of  the  senile  heart  as  determined  by  physical  examination 
has  already  been  discussed;  the  result  of  a  physical  examination  depends 
on  the  actual  size  of  the  heart,  as  well  as  on  the  position  of  the  edges 
of  the  lungs  and  of  the  diaphragm.  The  pulse  in  extreme  old  age  is, 
as  a  rule,  somewhat  accelerated,  being  about  80  beats  in  the  minute. 
Disturbances  of  the  rhythm  are  probably  due  to  coronary  sclerosis. 

It  is  well  known  that  the  heart  in  old  persons  is  exceedingly  sensitive 
to  the  effects  of  poisons,  especially  the  poisons  of  the  infectious  diseases, 
which  have  a  marked  effect  on  its  functional  power.  This  peculiarity 
may  possibly  be  due  to  endarteritic  processes,  and  it  is  also  possible 
that  senile  changes  in  the  muscle-fibers  are  in  part  responsible. 
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THE  SO-CALLED  NERVOUS  DISEASES  OF  THE  HEART; 
CARDIAC  NEUROSES. 

The  term  "nervous  diseases  of  the  heart"  is  applied  to  anomalies  of  the 
cardiac  function  which  are  due  to  morbid  nervous  influence.    The  question 
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or  may  show  itself  only  under  exceptional  provocation,  depending  on 
individual  differences  of  organization  and  natural  disposition.  As 
Mobius  points  out  quite  correctly,  there  is  no  sharp  dividing-line  between 
congenital  and  acquired  nervousness.  This  is  not  the  place  to  show 
that  this  diminution  of  the  resisting  power  is  a  most  complicated  product 
of  physical  and  psychic  predisposition  and  physical  and  psychic  injury; 
that  aspect  of  the  question  is  discussed  at  length  in  the  works  on  neu- 
rasthenia by  Krafft-Ebing  and  hysteria  by  Binswanger.  [Nothnagel's 
'^Spec.  Path.  u.  Therapie,''  vol.  xii.— Ed.] 

Of  the  various  hypochondriac  illusions  which  patients  suffer  from 
in  regard  to  their  condition,  one  in  particular  is  to  be  mentioned,  namely, 
the  dread  of  having  heart  disease.  This  illusion  may  arise  in  a  variety 
of  ways;  an  accidental  examination  of  the  heart  and  a  perfectly  harm- 
less remark  let  fall  by  a  physician  may  be  as  potent  in  arousing  this 
fear  as  a  hypochondriac  exaggeration  of  certain  nervous  symptoms.  The 
medical  reports  in  current  literature  and  the  reading  of  popular  books 
also  contribute  their  share  to  the  evil.  In  a  similar  way  an  already 
existing  mild  affection  of  the  heart  becomes  exaggerated  in  the  patient  s 
mind  and  thus  there  develops  the  unpleasant  association  of  actual  heart 
disease  with  secondary  hypochondria. 

Women  are  sometimes  predisposed  to  all  kinds  of  nervous  symptoms 
during  the  period  of  puberty,  and  especially  at  the  b^inning  of  the 
menopause,  and  these  symptoms  include  such  as  are  referable  to  the 
heart.  While  the  menstrual  flow  is  still  present  but  irregular,  or  soon 
after  its  complete  disappearance,  is  the  time  when  the  most  marked 
symptoms  and  the  most  pronounced  phenomena  are  observed. 

The  great  sensitiveness  of  nervous  patients  to  influences  of  various 
kinds  manifests  itself  in  psychic  as  well  as  physical  disturbances.  Ner- 
vousness influences  the  functional  activity  of  the  organs  in  various  ways: 
it  may  paralyze  or  stimulate,  inhibit  or  irritate.  Here  we  have  to  do 
solely  with  the  heart.  Its  fimctions  may  be  modified  in  any  one  of  the 
various  ways  that  have  been  suggested  as  possibilities  in  these  conditions, 
and  ner\^ous  cardiac  symptoms  may  be  variously  combined  with  symp- 
toms referable  to  various  other  organs,  especially  the  blood-vessels, 
as  well  as  with  the  symptoms  of  general  nervousness. 

Such  is  the  state  of  affairs  in  the  great  majority  of  patients  suffering 
from  nervous  diseases  of  the  heart.  These  are  the  cases  that  are  rela- 
tively simple;  not  infrequently,  however,  the  conditions  are  quite  dif- 
ferent, for  the  cardiac  symptoms  presently  to  be  described  sometimes 
occur  in  cases  in  which  there  is  no  positive  reason  for  assiuning  the  ex- 
istence of  a  neurasthenia.  In  such  a  case  the  local  symptoms  are  ex- 
ceedingly difficult  to  interpret. 

Symptoms. — The  most  prominent  by  far  are  the  subjective  cardiac 
symptoms,  and  among  these  chiefly  a  peculiar  sensation  of  discomfort 
and  palpitation. 

Palpitation  may  be  associated  with  alteration  of  the  heart  action,  but 
in  these  nervous  cases  particularly  it  is  often  observed  without  such 
alterations.  It  may  occur  quite  spontaneously, — that  is,  without  any 
ascertainable  cause, — and  then  appears  at  quite  irregular  times.  Vety 
often,  however,  the  cause  is  found  in  some  psychic  emotion;  the  more 
carefully  one  inquires  into  the  patient's  psychic  condition,  the  more 
frequently  will  this  be  found  to  be  the  case.    Individuals  vary  in  ^^ 
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iations  in  the  duration  of  diastole;  hence  inequality  of  the  pulse  is  ob- 
served as  a  result  of  irregularity,  both  in  nervous  and  in  muscular  diseases. 
On  the  other  hand,  I  cannot  remember  ever  to  have  seen  fluctuations 
in  the  size  of  the  pulse  not  due  to  fluctuations  of  the  rhythm  and  as  a 
purely  neurasthenic  phenomenon,  although  this  occurs  in  acute  myo- 
carditis, for  example,  and  is  a  most  ominous  symptom. 

Any  one  of  these  disturbances  of  rhythm  may  be  present  constantly, 
or  at  least  for  a  long  period  at  a  time.  In  other  cases  the  disturbance 
is  paroxysmal,  either  occurring  without  any  known  cause  or  following 
muscular  movements,  the  drinking  of  beer,  wine,  coffee,  or  tea,  and 
especially  emotional  excitement.  It  is  characteristic  of  nervous  heart 
disease  that  these  factors  bring  on  anomalies  of  the  pulse  much  more 
readily  and  much  earlier  in  such  patients  than  in  the  healthy;  the  neu- 
rasthenic has  a  peculiarly  sensitive  heart. 

It  is  very  difficult  to  determine  whether,  and  if  so  to  what  extent,  changes 
in  the  size  of  the  heart  and  in  the  heart-sounds  rest  solely  on  a  nervous  foun- 
dation. An  assertion  based  on  subjective  conviction  can  always  be 
answered  by  the  skeptic  as  follows:  "Whenever  there  is  an  enlargement 
the  condition  has  ceased  to  be  one  of  mere  nervous  disturbance;  ev«i 
if  the  nervous  element  predominates  in  the  clinical  picture,  the  enlarge- 
ment  is,  nevertheless,  due  solely  to  disease  of  the  muscle  itself."  How 
shall  such  an  objection  be  answered?  How  very  rarely  one  has  the 
opportunity  to  perform  an  autopsy  on  a  nervous  subject  imder  con- 
ditions that  make  it  possible  to  determine  the  changes  wrought  in  the 
heart  by  nervousness  alone!  And  even  if  it  were  possible  to  do  so  and 
nothing  were  found  after  the  most  painstaking  examination  of  the  heart 
muscle,  what  would  he  say?  **In  spite  of  the  absence  of  changes  there 
must  have  been  a  functional  disturbance  of  the  muscle"  And  we  could 
not  deny  this  possibility.  Only,  the  functional  disturbance  might  be 
r^arded  as  the  result  of  morbid  nervous  influences. 

I  do  not  believe  it  is  possible,  at  the  present  time,  to  give  an  abso- 
lutely positive  opinion  on  this  point.  But  it  is  my  personal  conviction 
that  there  is  much  to  be  said  in  favor  of  the  proposition  that  purely 
nervous  influences  are  capable  of  affecting  the  size  of  the  heart.  It  is, 
of  course,  necessary  to  differentiate  between  dilatation  and  hypertrophy. 
In  my  opinion,  dilatation  unquestionably  occurs  on  a  purely  nervous  foun- 
dation, even  aside  from  the  dilatations  in  Basedow's  disease.  In  fact, 
the  hypothesis  that  dilatation  may  depend  on  the  nervous  system  is 
usually  based  on  observations  made  in  this  disease.  This  may  be  correct 
enough,  but  I  admit  the  possibility  that  in  Basedow's  disease  the  changes 
in  the  heart  may  be  chiefly  due  to  chemic  factors.  Enlargement  of  the 
heart  has  further  been  observed  in  cases  of  onanism*  in  association 
with  a  variety  of  subjective  disturbances  of  the  heart  action,  and  in 
these  cases  the  dilatation  of  the  heart  disappears  and  normal  conditions 
are  restored  as  soon  as  the  patient  gives  up  his  bad  habit.  In  other 
cases  of  neurasthenic  heart  disturbance  also,  in  which  sexual  anomalies 
could  not  be  regarded  as  the  causal  factors,  I  have  seen  dilatation  of  the 
heart  and  fluctuations  in  the  size  of  the  heart  corresponding  to  the  changes 
in  the  general  nervous  symptoms. 

From  a  theoretic  standpoint  it  is  difficult  to  understand  the  strenuous 
opposition  to  the  doctrine  of  changes  in  the  size  of  the  heart  being  due 
to  nervous  influences.  It  is  well  known  that  stimulation  of  the  nerves 
*  Bachus,  "Archiv  fQr  klinische  Medicin,"  vol.  liv,  p.  201. 


730  CARDIAC  NEUROSES. 

experiments.  It  is  quite  possible  that  the  cutaneous  vessels  in  man, 
owing  to  their  extraordinary  development,  have  a  much  greater  influence 
on  the  general  blood-pressure  than  is  the  case  in  animals. 

It  is  obvious  that  the  condition  known  as  vasomotor  angina  pectoris 
(see  p.  542)  is  closely  related  to  the  above-mentioned  conditions;  for 
it  consists  in  anomalies  of  the  heart  action  which  may  possibly  be  the 
result  of  a  functional  vascular  disturbance,  and  for  this  reason  must 
be  mentioned  here. 

In  addition  to  all  the  symptoms  that  have  been  enumerated,  there 
are  various  phenomena  of  general  nervousness,  especially  of  neurasthenia 
and  hysteria.  They  are  not  only  important,  but  absolutely  decisive, 
for  the  explanation  of  the  findings  in  the  heart.  For  the  sake  of  com- 
pleteness they  ought  to  be  described;  but  I  do  not  think  that  is  called 
for  at  this  point,  and,  therefore,  refer  the  reader  to  Binswanger's 
work.    [Nothnagel's  "Spec.  Path.  u.  Ther."— Ed.] 

The  course  of  these  nerwms  disturbances  of  the  heart  depends  altogether 
on  whether  the  phenomena  to  which  they  are  due  can  be  removed.  In 
other  words,  if  there  is  pronounced  nervousness,  hysteria,  or  neurasthenia, 
the  outlook  depends  on  the  course  of  these  diseases.  In  the  sexual  forms 
everything  depends  on  whether  or  not  the  vice  is  suppressed.  If  that 
is  done,  the  alterations  of  the  heart  action  also  disappear.  Unfortunately, 
it  is  often  very  difficult  to  effect  a  cure  in  this  form,  and  the  question  of 
treatment  is  by  no  means  a  simple  one  in  the  remaining  forms  of  nervous 
heart  diseases. 

But,  as  a  rule,  the  patient's  anxiety  is  allayed  and  his  symptoms 
often  show  marked  improvement  as  soon  as  he  has  been  assured  that 
he  is  not  suffering  from  heart  disease. 

The  theory  of  cardiac  symptoms  occurring  as  the  result  of  nervousness.— - 
Difficult  as  well  as  important  experimental  investigations  by  prominent 
physiologists  have  taught  us  that  the  action  of  the  heart  is  influenced  in 
a  variety  of  ways  by  the  irritation  of  various  nerves,  and  that  its  rh3rthm 
particularly  can  be  altered  in  many  different  ways.  Any  pathologic 
discussion  of  nervous  heart  symptoms  must  be  based  on  these  observa- 
tions, but  in  many  respects  physicians  have  been  too  ready  to  accept 
the  reconciliation  of  physiologic  and  pathologic  facts.  The  effect  of 
electric  irritation  of  the  exposed  pneumogastric,  accelerator,  or  sciatic 
nerve  in  the  healthy  frog,  rabbit,  or  dog  has  been  utilized  directly  to 
explain  motor  disturbances  in  the  heart,  which  are  produced  in  disease 
by  the  most  complicated  and,  in  part,  psychic  causes.  It  is  obvious 
that  such  methods  as  these  cannot  really  enrich  our  knowledge.  But 
in  this  instance  the  practice  was  particularly  baneful  because  the  theory 
apparently  rested  on  a  "firm  physiologic  basis."  Martius  has  aptly 
termed  this  state  of  mind  **pseudophysiologism/'  which  is  worse  than  no 
foundation  at  all,  because  it  satifies  curiosity  and  prevents  further  inves- 
tigation. 

Before  we  can  hope  to  gain  a  true  understanding  of  the  cardiac  symp- 
toms observed  in  neurasthenics  we  ought  to  be  properly  informed  in 
regard  to  the  many  nervous  influences  that  r^ulate  the  action  of  the 
heart  and  blood-vessels  in  the  normal  individual.  But  at  once  we  are 
met  by  the  lack  of  a  "human  physiology."  It  has  never  been  shown 
by  which  of  the  methods  discovered  by  physiologists  the  activity  of  the 
heart  is  altered  in  the  case  of  man.  Some  disturbance  of  these  mechan- 
isms  is  the  essence  of  the  disease. 
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heart  affections;  nevertheless,  some  of  the  disturbances  occur,  if  not 
exclusively  as  the  result  of  nervous  processes,  at  least  much  more  fre- 
quently than  under  any  other  conditions.  Chief  among  these  are  the 
fluctuations  in  rhythm  extending  over  considerable  periods  of  time 
and  the  association  of  irregularity  with  unpleasant  sensations.  Great 
caution  is,  however,  desirable  in  making  a  diagnosis,  especially  in  the 
case  of  persons  who  have  passed  their  fortieth  year,  and  becomes  lu-gently 
necessary  whenever  enlargement  of  the  heart  can  be  demonstrated. 

Practically  the  only  conditions  that  have  to  be  differentiated 
from  nervous  disturbances  of  the  heart  are  sclerosis  of  the  coronary 
arteries,  chronic  myocarditis,  some  forms  of  beer-heart,  and  the  effects 
of  overexertion.  The  distinction  from  coronary  sclerosis  particularly 
may  be  exceedingly  difficult,  as  Stokes  long  ago  wamingly  pointed  out. 
Even  in  the  diseases  of  the  heart  muscle  referred  to,  enlargement  of  the 
heart  may  be  entirely  wanting  at  the  beginning,  while  disturbances  of 
the  rhythm  as  well  as  subjective  symptoms  are  also  present  in  these 
conditions.  The  subjective  symptoms,  it  is  true,  are  not  so  prominent, 
especially  during  rest,  as  in  nervous  individuals,  who,  in  addition,  are 
given  to  painting  their  s5TTiptoms  in  the  liveliest  colors.  To  arrive 
at  a  conclusion  it  must  first  be  determined  whether  the  conditions  for 
the  existence  of  nervousness,  arteriosclerosis,  or  myocarditis  have  been 
fulfilled.  This  alone  is  a  great  gain.  But  it  must  be  remembered  that 
the  necessary  conditions  for  nervousness  and  arteriosclerosis,  being 
so  frequent  and  of  such  a  general  character,  may  easily  be  present  in 
the  same  individual,  and  in  that  case  one  is  no  wiser  than  before,  and 
it  becomes  necessary  to  interpret  the  symptoms  in  one  way  or  another, 
in  doing  which  all  that  has  been  said  about  the  symptoms  in  each  indi- 
vidual process  must  be  borne  in  mind.  But  even  under  such  unfavorable 
conditions  a  positive  decision  may  occasionally  be  possible.  The  pres- 
ence of  arteriosclerosis  especially  can  be  determined  with  certainty  in 
many  cases,  and  the  extent  to  which  nervousness  is  also  present  in  the 
individual  is  a  much  less  important  question. 

Quite  frequently,  however,  the  physician  will  not  venture  to  decide 
with  any  degree  of  certainty,  and  occasionally  the  differential  diagnosis 
must  remain  open  even  after  extended  observation.  In  view  of  the 
many  possible  variations  of  the  clinical  pictures  in  these  processes  this 
may  at  first  sight  seem  remarkable.  But  the  various  conditions  have 
a  great  many  points  in  common,  and  chance  may  combine  only  common 
properties  in  one  and  the  same  patient.  Then,  again,  even  the  genuine 
diseases  of  the  heart  muscle,  when  closely  examined,  occasionally  ex- 
hibit new  and  unexpected  features.  I  have  recently  made  the  acquaint- 
ance of  persons  with  coronary  sclerosis  and  of  others  with  myocarditis 
who,  although  at  rest  they  presented  marked  subjective  sjrmptoms 
and  distinct  anomalies  of  the  heart  action  and  even  of  the  size  of  the  heart, 
were,  nevertheless,  still  capable  of  performing  severe  muscular  exertion 
without  any  discomfort.  Such  a  condition  has  an  important  bearing 
on  the  treatment,  and  in  every  case  therapeutic  measures  must  be  em- 
ployed with  extreme  caution  whenever  the  symptoms  are  not  absolutely 
clear.  Brunner*  describes  the  case  of  a  man  addicted  to  smoking,  drink- 
ing, and  masturbation  who  suffered  from  palpitation  of  the  heart  and 
died.    At  the  autopsy  a  sclerotic  myocarditis  was  revealed. 

*  Brunner, ''Gaz.  lekarska/'  1885,  No.  46,  47.  Quoted  from  "Centralblatt 
fttr  klinische  Medicin,"  vol.  ix,  1888,  p.  322. 
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selves.  Some  of  the  more  frequent,  however,  may  be  pointed  out, 
such  as  excess  of  mental  and  physical  labor  performed  with  haste,  ex- 
cessive physical  exertion  in  the  guise  of  athletics  or  "relaxation,"  which 
those  who  are  not  used  to  exercise  are  apt  to  indulge  in,  and,  finally, 
sexual  abuse.  All  these  things  must  be  stopped.  Occasionally  this 
is  possible,  and  in  such  a  case  alone  suffices  to  bring  about  improvement. 
If  the  patient  has  no  suitable  occupation,  an  attempt  should  be  made 
to  provide  him  with  one,  for  no  normal  man  can  bear  constant  idleness. 

In  other  cases  more  indirect  ways  of  influencing  the  patient  must 
be  tried.  It  is  often  desirable  to  get  him  away  from  his  accustomed 
work,  in  the  pursuit  of  which  he  has  contracted  the  disease,  or,  at  least, 
to  diminish  his  work  so  that  it  may  cease  to  be  injurious.  But  in  the 
place  of  it  the  physician  should  try  to  provide  some  other  occupation 
that  will  stimulate  both  body  and  mind. 

Cutaneous  stimulation  takes  the  patient's  attention  away  from  what 
is  going  on  in  his  heart,  and  at  the  same  time  strengthens  and,  it  is 
safe  to  say,  regulates  its  action.  In  the  presence  of  distressing  sensory 
disturbances  and  whenever  the  patient  complains  that  he  feels  a  certain 
nervous  weakness,  simple  cold  baths,  brine  baths,  or  carbon  dioxid 
baths,  as  well  as  other  hydriatic  procedures,  if  carefully  applied,  do 
good  service. 

It  has  been  shown  elsewhere  (p.  590)  that  it  is  possible- to  influence  the  func- 
tional activity  of  the  heart  and  blood-vessels  by  means  of  these  procedures.  In 
the  same  place  it  was  mentioned,  however,  how  exceedingly  difficult  it  is,  in  the 
present  state  of  our  knowledge,  to  estimate  their  precise  influence  on  these  structures, 
bince  in  nervous  disturbances  of  the  heart  we  do  not  even  know  how  the  morbid 
symptoms  originate,  every  intelligent  person  will  at  once  admit  that  actual  exper- 
ience at  the  bedside  must  be  our  sole  guide  in  the  prescription  of  therapeutic  meas- 
ures. Although  this  is  a  self-evident  proposition,  it  is  necessary  to  put  it  into  words 
because  in  this  "therapeutic  era  *'  of  ours  we  are  not  content  with  having  the  various 
forms  of  treatment,  especially  hydriatic  treatment,  employed,  taught,  and  their 
effects  investigated,  but  also  demand  that  these  methods  be  employed  in  a  rational 
manner  or  even  treated  as  an  exact  science.  For  the  present  any  serious  attempt 
in  that  direction  is  out  of  the  question.  On  the  other  hand,  it  mav  be  confidently 
expected  that  in  the  distant  future,  when  the  true  nature  of  morbid  conditions  and 
the  mode  of  action  of  our  various  methods  of  treatment  are  fully  understood,  thera- 
peutic procedures  will  follow  strict  indications. 

To  resume,  therefore,  hydriatic  procedures  are  employed  in  exactly 
the  same  way  as  in  other  nervous  and  hypochondriac  conditions.  In 
the  case  of  excitable  patients,  sedative  measures  are  to  be  employed; 
when  the  patient  is  depressed,  gloomy,  and  melancholy,  stimulating 
and  invigorating  procedures  are  indicated.  For  purposes  of  treatment 
there  is  nothing  gained  by  differentiating  separate  forms  of  nervousness; 
the  physician  should  be  guided  by  the  individual  patient's  behavior 
and  the  way  in  which  he  reacts  to  therapeutic  interference.  Hence  my 
advice  always  to  try  various  measures  at  first  and  select  a  severe  or  a 
mild  procedure  according  to  the  efifect  obtained.  The  following  are  to 
be  recommended:  tepid  full  baths  at  34°  to  30°  C.  (93.2°  to  88.7°  F.), 
of  from  five  to  thirty  minutes'  duration;  to  this  may  be  added  oil  of 
thyme  or  of  pine-needles,  or  common  salt  in  3  to  4  per  cent,  solution.  Half- 
baths  at  30°  to  24°  C.  (88.7°  to  75.2°  F.),  of  from  three  to  ten  minutes' 
duration;  the  patient  is  enjoined  to  exercise  while  in  the  tub,  and  is 
rubbed  and  receives  aflfusions  over  the  front  and  back  of  the  chest  with 
water  at  the  same,  or  at  a  slightly  lower  temperature  down  to  20°  C. 
(68°  F.).    Carbon  dioxid  baths  (for  direction  see  p.  590)  with  or  without 
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DISEASES  OF  THE  NERVOUS  SYSTEM  OF  THE  HEART. 

A  great  deal  has  been  written  about  diseases  of  the  cardiac  nervous 
system,  but  in  the  present  state  of  our  knowledge  there  is,  as  a  rule, 
no  basis  whatever  for  it.  Unfortunately,  nothing  positive  is  known 
as  yet  in  regard  to  the  physiologic  significance  of  the  cardiac  ganglia 
and  cardiac  nerves  other  than  those  which  form  part  of  the  pneu- 
mogastric  or  the  accelerators.  Many  theories  may  be  formed  with 
regard  to  these  structures,  and  in  ascribing  to  them  the  function  of 
coordinating  the  various  portions  of  the  circulation  and  of  assigning 
to  these  portions  their  proper  places  among  the  organs  of  the  body  we 
shall  probably  not  be  far  from  the  truth. 

But  these  are  only  general  conceptions  and  cannot  be  utilized  for 
the  foundation  of  a  formal  theory  in  r^ard  to  s3nnptom8  which  might 
with  some  reason  be  attributed  to  changes  in  these  nervous  structures. 

The  other  method  by  which  we  usually  advance  in  our  knowledge, 
and,  in  fact,  generally  advance  more  rapidly,  namely,  by  observation 
of  the  living  human  subject,  to  determine  whether  structural  changes 
of  certain  portions  of  oigans  are  present,  is  of  little  more  value  in  tihis 
case.  We  know,  it  is  true,  that  the  cardiac  nerves  are  diseased  in  a 
great  many  abnormal  conditions  of  the  heart  muscle;  thus,  for  example, 
neuritic  processes  are  encountered  in  many  forms  of  acute  and  chronic 
myocarditis.  But  I  do  not  believe  this  knowledge  can  as  yet  be  utilized 
for  interpreting  symptoms,  and,  so  far  as  I  can  see,  it  is  equally  impossible 
to  explain  them  by  the  changes  observed  in  the  cardiac  ganglia.  Such 
changes  have  frequently  been  seen,  or  at  least  reported.  But,  in  the 
first  place,  one  may  be  permitted  to  doubt  the  reality  of  these  findings; 
for  it  is  exceedingly  difficult  to  distinguish  between  a  normal  and  a  patho- 
logic ganglion-cell.  Most  observations  belong  to  an  earlier  time,  when 
even  less  was  known  in  regard  to  the  minute  structure  of  ganglion-cells 
than  at  present,  and  the  changes  have  been  observed  in  the  greatest 
variety  of  morbid  conditions.  It  seems  to  me  that  investigators  will 
have  to  make  a  fresh  start  in  this  field.  Pathologic  as  well  as  clinical 
investigation  has  a  large  field  before  it,  and  it  is  probable  that  important 
discoveries  will  be  made  by  the  physiologist  as  well  as  by  the  pathologist. 

But  what  about  the  conditions  which  the  practitioner  includes 
imder  the  term  nervous  diseases  of  the  heart?  Some,  in  fact  most, 
of  these  phenomena  belong  to  neurasthenia  and  hysteria.  Of  that 
I  believe  there  can  be  no  doubt,  and  I  have  attempted,  in  the  foregoing 
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pages,  to  give  a  description  of  all  that  can  be  collected  under  that  caption, 
and  at  the  same  time  have  pointed  out  what  little  we  are  justified  in 
assuniing  in  regaixi  to  the  origin  of  these  morbid  states. 

But  in  doing  so  1  by  no  means  exhausted  the  field  of  ''nervous  heart 
disturbances/*  There  is  no  doubt  that  in  the  future,  as  our  horizon 
broadens  and  we  b^in  to  work  on  altogether  different  anatomic  and 
physiolop:ic  lines,  much  will  be  added  to  our  knowledge.  Even  now 
we  obser^^e  many  different  disturbances  of  the  heart  action  which  we 
are  inclined,  by  instinct  and  reasoning  by  analogy,  to  include  among 
ner\'ous  disturbances,  although  there  is  no  good  reason  for  assuming 
that  they  are  based  on  general  nervousness.  I  am  unable  to  give  a  com- 
prehensive discussion  of  such  cases  because  my  experience  in  such  matters 
is  inadequate.  Hence  it  is  as  yet  impossible  to  give  the  characteristic 
features  of  these  cases  and  to  point  out  whei'ein  they  differ  from  distur- 
bances developing  only  on  a  neurasthenic  and  hj'steric  foundation. 
The  symptoms  are  like  the  symptoms  of  those  conditions,  which  have  been 
explained  in  the  preceding  section.  ITie  most  conspicuous  symptom 
is  a  peculiar  disturbance  of  the  heart  action  which  may  or  may  not 
be  associated  with  subjective  swipt-oms.  But  it  is  positively  known 
that  the  heart,  muscle  is  endowed  with  considerable  automatic  function, 
and  this  mak^  the  explanation  considerably  more  difficult.  Those 
of  us  who  have  become  impressed  by  the  wide-spread  pathologic  signi- 
ficance of  changes  in  the  myocardium  were  perhaps  inclined  to  under- 
estimate the  abnormal  conditions  of  the  he^rt  nerv^es,  because  one  is 
naturally  inclined  to  deal  rather  with  known  than  with  unknown  factors. 

But  if  cases  belonging  to  this  group  are  reported  with  due  regard 
to  all  the  attending  circumstances,  future  writers  may  find  it  possible 
to  give  a  connected  account  of  these  things;  thus,  for  example,  it  cannot 
be  altogether  denied  that  many  conditions  of  overexertion  of  the  heart 
coming  on  after  severe  bodily  exertion  have  some  connection  with  ner- 
vous changes. 

It  is  also  possible  that  many  cases  of  tachycardia  belong  to  this  group, 
especially  cases  occurring  in  those  who  are  not  nervous  and  present  no 
abnormality  of  the  heart  niuscle  (see  later).  It  must  be  insisted  upon, 
however,  that,  as  in  all  these  matters,  so  in  this  question,  we  are  dealing 
solely  with  conjectures. 

It  may  be  asked  whether  some  of  the  so-called  imtiu^'netiroses  *  do 
not  belong  to  this  group.  Remarkable  case«  t  have  been  reported 
which,  in  addition  to  acceleration  of  the  heart  action  p  presented  a  great 
many  different  phenomena  that  undoubtedly  emanated  from  the  heart, 
and  which  we  are  forced  to  regard  aa  neurotic.  When,  in  a  case  of  this 
kind,  the  symptoms  of  diseases  of  the  central  nervous  system,  especially 
the  symptoms  of  nerv'ousness,  are  absent,  a  morbid  change  in  the  cardinc 
nerves  naturally  suggests  itself.  Nevertheless,  I  shall  not  hazard  an 
analysis  of  these  cases;  for  too  many  points  still  remain  in  doubt.  Thus 
Matthes'  patient  had  fever,  which  naturally  suggests  some  infectious 
process — ^and  many  patients  with  tachycardia  have  fever.  It  is,  of 
course,  quite  possible  for  an  infectious  process  to  direct  its  attack  chiefly 

♦Compttre  Edinger  in  "Euleuburg'e  RealencykJopidie."  eecoTtd  edition,  voL 
XX,  p.  568. 

fSee  Matthew,  ''Correspondenzblittter  des  allgemeinen  arztlichen  Vereines  N-'on 
Thiiringen/'  1891,  No.  12. 
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The  palpitation  in  these  cases  is  undoubtedly  often  associated  with  an 
increase  in  the  strength  of  the  cardiac  contractions,  but  it  is  impossible  to 
say  what  effect  increased  sensibility  has  on  the  contractions  of  the  organ. 

Occasionally  the  right  heart  is  said  to  be  enlarged  and  the  second 
pulmonic  sound  accentuated  in  these  conditions.  The  French  investi- 
gators attribute  these  symptoms  to  spastic  conditions  in  the  pulmonary 
vessels,  which,  they  argue,  cause  increased  action  of  the  right  ventricle 
and  a  certain  degree  of  dilatation  of  that  cavity.  I  am  unable  to  give 
a  personal  opinion  on  this  question  of  enlai^gement  of  the  heart  due  to 
abdominal  disease,  because  I  have  never  seen  such  cases.  But  I  am 
inclined  to  think  that  exaggerated  contraction  of  the  pulmonary  vessels  is 
the  least  likely  cause  of  such  an  enlargement.  Gallop  riiythm  and  the 
occurrence  of  systolic  murmurs,  especially  at  the  tricuspid  valve,  have 
also  been  described,  and  all  these  symptoms  are  said  to  vanish  as  soon 
as  the  abdominal  symptoms  have  subsided. 

The  primary  causes  of  these  disturbances  are  foimd  in  diseases  of 
the  stomach,  intestinal  canal,  and  liver.  There  is  no  doubt,  however, 
that  these  disturbances  are  not  due  to  any  one  lesion  in  the  abdomen; 
for  a  variety  of  conditions  may  give  rise  to  the  same  sequelse  in  the  heart 
and,  on  the  other  hand,  the  same  cause  by  no  means  produces  symp- 
toms of  equal  severity  in  the  same,  or  even  in  different,  individuals. 
This  makes  it  quite  evident  that  the  trouble  lies  in  alterations  of  the 
central  nervous  system  or  of  the  heart  or  of  both;  for  the  present  it  is 
impossible  to  arrive  at  a  decision.  But,  at  all  events,  nervousness  is 
a  very  important  factor  in  the  development  of  all  these  conditions. 

According  to  Potain,  it  is  characteristic  that  the  abdominal  disturb- 
ances which  cause  the  above-mentioned  sequelse  in  the  heart  usually 
do  not  represent  grave  diseases,  and  in  this  I  fully  agree  with  him;  I 
have  never  seen  such  effects  from  cancer  of  the  liver,  stomach,  or  intestine. 
On  the  contrary,  the  milder  dyspeptic  processes  in  the  stomach  and 
in  the  intestine,  so-called  simple  catarrhal  conditions,  constipation, 
and  parasites  of  various  kinds,  and  gall-stones  in  the  case  of  the  liver, 
are  the  conditions  which  are  most  important  in  this  respect.  TTie  most 
curious  affections  of  the  stomach  are  cited  in  this  connection,  and  in 
studying  the  clinical  histories  of  these  cases  one  cannot  escape  the  thought 
that  in  many  of  them  the  most  important  element  in  the  condition  \b 
a  ''nervous"  constitution.  For  what  is  one  to  think  when  told  that 
every  mouthful,  or  possibly  only  some  special  article  of  diet,  produces 
violent  palpitation  as  soon  as  it  enters  the  stomach?  In  not  a  few  of 
the  cases  the  cardiac  attack  is  not  even  dependent  on  the  existence  of 
any  dyspeptic  processes,  but  is  unfailingly  induced  by  some  article  of 
food  which  other  individuals  find  entirely  harmless.  It  is  true  that  in 
just  such  cases  one  might  be  inclined  to  assume  a  peculiar  chemic  irri- 
tation of  the  peripheral  nerves.  But  if  the  irritation  is  followed  by 
such  peculiar  consequences,  it  appears  to  me  that  it  is  a  sign  of  an  extreme 
anomaly  of  the  nerves,  either  in  the  central  nervous  system  or  in  the 
heart.  Emotional  factors  unquestionably  play  a  very  important  r61e 
in  the  etiology  of  these  cases. 

Palpitation  is  a  constant  symptom  in  these  cases,  and  occurs  only 
after  the  exciting  causes  mentioned.  From  a  diagnostic  point  of  view, 
and  in  the  total  analysis,  it  seems  to  me  important  that  special  demands 
on  the  heart  muscle,  such  as  active  bodily  exercise,  are  entirely  without 
any  effect  and,  indeed,  are  very  well  borne. 
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are  not  frequent.  When  they  are  encountered,  the  physician's  firat 
duty  is  to  make  sure  that  the  angina  has  followed  some  digestive  disturb- 
ance, and  to  satisfy  himself  that  the  attack  is  not  due  to  arteriosclero- 
sis, tobacco-poisoning,  or  some  nervous  condition.  He  must  determine 
whether  there  are  any  data  in  favor  of  the  existence  of  one  of  the  above- 
mentioned  conditions,  on  the  one  hand,  or  of  gastro-intestinal  disturbances, 
on  the  other  hand.  This  is  the  most  important  point,  and  of  the  French 
investigators,  who  were  the  first  to  describe  these  rare  conditions,  Potwi 
and  Huchard  lay  great  stress  on  the  fact  that  dyspeptogenic  angpa  is 
always  accompanied  by  dilatation  of  the  right  ventricle,  accentuation  of 
the  second  pulmonic  sound,  and  often  by  gallop  rhythm. 

The  nature  of  the  attack  must  next  be  taken  into  consideration. 
Stenocardia  due  to  a  disturbance  of  the  gastro-intestinal  canal  is,  on  the 
whole,  milder,  and,  as  is  usual  with  milder  attacks,  the  duration  is  longer. 
Exercise  is  of  no  importance  whatever  as  an  etiologic  factor,  the  ingestion 
of  food  being  the  only  exciting  cause.  The  attacks  are  never  dangerous, 
And  at  once  disappear  when  the  dyspepsia  has  been  relieved. 

Personally  I  have  seen  very  few  cases  of  dyspeptogenic  stenocardia 
and  have,  therefore,  been  obliged  essentially  to  reproduce  the  descriptions 
of  the  excellent  French  clinicians,  especially  as  the  German  literature 
contains  very  few  observations  on  this  subject.  From  considerable 
•experience  I  have  gained  the  impression  that  arteriosclerotic  or  nen'ous 
individuals  whose  general  or  canliac  condition  predisposes  them  to  the 
occurrence  of  cardiac  disturbances  are  also  most  subject  to  anginoid 
attacks  following  dyspepsia.  Being  under  this  impression,  I  am  inclined 
to  be  very  cautious  and  reserved  in  giving  a  medical  opinion  of  these 
conditions. 

Nothing  positive  can  be  stated  in  regard  to  the  mechanism  of  d3rspep- 
togenic  stenocardia.  Some  disease  of  the  gastro-intestinal  canal  or  of 
the  liver  creates  the  necessary  conditions  for  the  production  of  angina 
pectoris;  whether  this  is  effected  through  the  action  of  toxic  substances 
or  reflexly  is  as  difficult  to  decide  in  the  case  of  angina  as  in  the  anomalies 
of  the  movement  of  the  heart  due  to  digestive  disturbances. 

Clinical  histories  are  given  by  Huchaid  and  Bari^. 

The  treatment  should  be  directed  solely  against  the  digestive  disturb- 
ance. When  this  is  relieved,  the  cardiac  symptoms  disappear.  I 
would  advise  the  physician  to  pay  great  attention  to  the  nervous  system, 
and  not  to  be  too  free  with  the  diagnosis  of  these  conditions.  Coronary 
sclerosis  must  always  be  borne  in  mind,  as  it  is  exceedingly  difficult  to 
exclude  that  condition. 
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standing  of  the  conditions.  The  theory  would  work  in  Kiedei's  case, 
for  example;  his  patient  had  emphysema  and  dyspnea,  as  had  Freyhan's 
second  patient;  but  in  Tuczek's  case  there  was  no  dyspnea  whatever: 
in  spite  of  volumen  auctum,  respiration  was  performed  quietly  and 
without  difficulty.  The  urine  has  been  mentioned.  Owing  to  conges- 
tion, the  quantity  is  usually  diminished,  albumin  is  often  found,  and 
not  infrequently  blood-cells  and  hyaline  casts  are  also  present.  In  a 
very  few  of  the  cases  the  excretion  of  large  quantities  of  a  pale,  watery 
urine  is  mentioned.  One  might  be  inclined  to  attribute  tUs  s3rmptom 
to  an  acceleration  of  the  circulation,  but  the  careful  and  important 
observations  of  A.  Hoffmann  show  that  large  quantities  of  urine  with  a 
specific  gravity  of  1003  to  1004  were  voided  during  the  attack,  although 
the  arterial  pressure  had  fallen.  This  seems  to  show  that  the  cause 
is  rather  a  local  increase  in  the  velocity  of  the  blood  in  the  kidneys. 

Inflammatory  processes  sometimes  develop  in  the  lungs.  In  such 
cases  we  can  readily  understand  the  occurrence  of  fever.  But  alterations 
of  temperature,  even  up  to  40°  C.  (104°  F.),  are  by  no  means  dependent 
on  pulmonary  complications.  The  cause  of  fever  in  such  cases  is  quite 
unlaiown.  Possibly  it  indicates  some  inflammatory  process  in  the  heart. 
The  French  investigators  get  over  the  diflSculty  by  assuming  the  exist- 
ence of  a  specific  **  nervous  "  fever,  but  I  think  I  am  justified  in  looking 
upon  that  explanation  with  suspicion. 

The  attacks  often  occur  quite  suddenly  and  subside  with  equal  rapidity. 
At  the  instant  of  onset  and  of  disappearance  the  patient  has  a  peculiar 
sensation  in  the  chest,  which  he  describes  as  a  stab  or  a  sudden  wrench, 
and  which  is  a  warning  to  those  who  have  previously  gone  through  an 
attack  that  the  paroxysm  is  either  beginning  or  coming  to  an  end.  The 
change  from  one  condition  to  another,  especially  the  return  from  the 
attack  to  a  normal  condition,  is  often  extremely  impressive. 

This  sudden  appearance  and  disappearance  of  the  phenomena  is 
undoubtedly  what  happens  most  frequently,  but  cases  are  also  described 
in  which  both  the  beginning  and  the  end  of  the  attack  are  slow  and  gradual; 
these  cases  have  to  be  mentioned  in  order  to  escape  the  charge  of  undue 
generalization.  Sometimes  the  attack  is  preceded  by  prodromata, 
peculiar  sensations,  or  even  vomiting. 

It  is,  no  doubt,  possible  to  pick  out  the  symptom-complex  that  I 
have  tried  to  describe  in  the  foregoing  from  the  great  mass  of  clinical 
histories  with  greatly  accelerated  heart  action  that  are  contwned  in 
the  literature.  For  this  work  we  are  indebted  to  Nothnagel,*  Bouveret,t 
and  Martius.  But  I  am,  [nevertheless,  inclined  to  think  that  the  classi- 
fication of  these  cases  is  a  much  more  difficult  matter  and  calls  for  much 
greater  caution  than  many  investigators  appear  to  believe. 

The  attacks  described  occur  in  persons  who,  on  careful  observation, 
present  nothing  abnormal  except  during  the  attack,  especially  in  the 
heart  %  and  nervous  system.  It  is  quite  possible  that  the  organ  in  these 
cases  may  be  actually  sound,  although  this  assertion  must  be  made 
with  a  certain  reserve,  for  I  agree  with  Romberg  entirely  on  this  point. 
In  the  first  place,  we  are  learning  more  and  more  that  our  methods  of 
examination  are  relatively  inadequate,  especially  for  the  detection  of 
the  finer  anomalies ;  we  are  not  even  able  as  yet  to  determine  the  functional 

*  Nothnagel,  loc.  cit, 

t  Bouveret,  "Revue  de  m^ecine." 

}  Compare,  e.  g.,  the  cases  of  Bouveret  and  Martius. 
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these  circumstances,  and  these  symptoms  may  have  almost  the  same 
character  as  those  here  described.  Cases  of  this  kind  have  been  described 
repeatedly.*  This  appears  to  me  to  have  an  important  bearing  on  our 
whole  conception  of  these  things  in  several  respects.  In  the  first  place, 
it  shows  the  close  relation  existing  between  nervousness  and  the  heart 
action;  for  this  sensitiveness  of  the  heart  action  to  anomalies  of  digestion 
is  chiefly  encountered  in  nervous  individuals.  On  the  other  hand,  it 
shows  the  difficulty  of  differentiating  between  different  types  of  cases 
and  proves  the  occurrence  of  the  transitional  cases.  The  changes  in 
the  heart  action  due  to  disturbances  in  the  abdominal  organs  may  be 
of  various  kinds,  and  no  sharp  dividing-line  can  be  drawn  between  simple 
acceleration  and  paroxysmal  tachycardia,  which  is  a  part  of  our  symptom- 
complex. 

I  am,  therefore,  inclined  to  believe  that  there  are  very  curious  cases 
in  which  acceleration  of  the  heart  action  occurs  in-attacks  and  disappears 
again,  and  is  usually  quite  marked.  Often  the  heart  is  enlarged  during 
the  attack  and  the  action  is  weak;  sometimes  there  is  also  pulmonary 
emphysema.  To  me  personally  it  seems  most  probable  that  tachycardia 
and  diminution  in  the  strength  of  the  heart  are  coordinate  phenom^ia. 
The  dilatation  is  probably  secondary  to  the  diminution  in  the  strength 
of  the  heart,  or  it  goes  hand  in  hand  with  both  processes.  I  do  not  agree 
with  Martins  that  the  acceleration  is  secondary  to  the  dilatation,  partly 
because  dilatation  is  absent  in  a  number  of  cases  and  partly  because 
even  the  most  severe  grades  of  dilatation  do  not,  as  a  rule,  cause  a  d^ree 
of  acceleration  that  even  remotely  approaches  in  severity  that  observed 
in  paroxysmal  tachycardia. 

These  attacks  occur,  as  has  been  stated,  either  as  a  symptom  in 
various  diseases  of  the  heart,  or  they  may  represent  the  sole  sjnnptom, 
and  it  may  be  impossible,  with  our  present  methods,  to  detect  any  change 
in  the  heart  to  which  the  symptom  can  be  attributed.  In  these  cases 
we  speak  of  essential  tachycardia.  Hence  we  follow  exactly  the  same 
line  of  reasoning  as  in  the  interpretation  of  symptoms  referable  to  other 
organs. 

The  fact  that  the  tachycardia  which  occurs  in  hearts  that  are  actually 
or  apparently  sound  is  exactly  the  same  as  the  tachycardia  observed 
after  genuine  diseases  of  the  heart,  seems  to  me  a  strong  aigument  in 
favor  of  a  cardiac  origin  even  in  the  so-called  essential  cases,  and  I  am 
also  of  Romberg's  opinion  that  coronary  sclerosis  perhaps  plays  an 
important  rdle.f 

There  is  no  doubt  that  the  tachycardia  is  intimaidy  related  to  nervous 
influencesy  a  point  that  has  been  emphasized  repeatedly  in  the  forcing 
pages.  Pressure  on  the  vagus  in  some  patients  suffices  to  terminate 
the  tachycardiac  attack  at  once.  This  is  a  most  interesting  fact,  and 
may  in  the  future  be  found  to  have  an  important  bearing  on  the  inter- 
pretation of  the  phenomena.  For  the  present  it  cannot  be  used  for 
this  purpose  because  we  still  lack  the  necessary  data.    For  example, 

♦See,  e.g.,  Preisenddrfer,  "Archiv  fttr  klinische  Medicin,"  vol.  xxvii,  p.  387. 
Theilhaber,  ^'MUnchener  medicinische  Wochenschrift,"  1884,  No.  42.  Compare 
Pa^me-Cotton,  "British  Medical  Journal,"  1867,  i,  June  1,  p.  629.  Abstract: 
"Cannstatt,"  1867,  vol.  ii,  p.  80.  Bowles,  ibid.,  vol.  ii,  p.  63.  Abstract:  "Cann- 
statt,"  1867,  vol.  ii,  p.  81. 

t  At  least  a  number  of  transitional  cases  occur  as  the  result  of  coronary  sdero- 
sis;  compare,  e.  g.,  Dehio,  "Petersburger  medicinische  Wochenschrift,"  1880,  No.  48. 
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to  the  conditions  seen  in  paroxysmal  tachycardia,  although,  as  Nothnagd 
has  pointed  out,*  really  the  two  conditions  have  nothing  whatever  in 
common. 

In  a  number  of  observations  on  the  human  subject  lesions  of  the 
pneumogastric  nerve,  which,  for  other  reasons,  one  is  justified  in  believ- 
ing capable  of  disturbing  the  function  of  the  heart,  led  to  accelera- 
tion of  the  heart-beat.  These  cases  show  that  there  is  such  a  thing  as 
pneumogastric  tonus  in  man  as  well  as  in  animals,  and  that  its  loss  causes 
acceleration  of  the  pulse.  The  latter  is  then  present  during  the  entire 
duration  of  the  disease.  Palpitation,  as  well  as  every  other  unpleasant 
heart  symptom,  is  often  absent;  the  organ  is  not  enlarged.  In  addition, 
symptoms  referable  to  other  organs  under  the  influence  of  the  pneumo- 
gastric nerve,  especially  the  larynx  and  also  the  lungs  and  stomach, 
are  frequently  present.  Hence,  aside  from  the  acceleration  of  the  pulse, 
most  of  the  s3niiptoms  are,  as  a  rule,  quite  different  from  those  observed 
in  paroxysmal  tachycardia. 

The  number  of  observations  is  quite  inadequate,  and  I  do  not  believe  they  as 
yet  enable  us  to  form  any  definite  idea  of  what  the  entire  symptom-complex  in 
vagus  diseases  should  be,  or  how  it  must  be  limited.  It  will  depend  chiefly  on  the 
seat  of  the  lesion,  which  determines  the  kind  and  nimiber  of  organs  capable  of  caus- 
ing s3nnptoms  at  all  in  a  given  case. 

Much  will  also  depend  on  whether  one  or  both  nerves  are  affected.  Animal 
experiments  show  that  divisicn  of  one  of  the  vagi,  as  a  rule,  has  no  marked  effect 
on  the  heart  action.  In  man  Billroth  observed  transient  acceleration  of  the  pulse 
aft^  division  of  one  pneumogastric.  But  stimulation  of  only  one  of  the  two  nerves 
is  attended  by  a  marked  effect,  which  is  very  suggestive  wnen  we  remember  that 
in  by  far  the  majority  of  clinical  cases  only  one  nerve  was  affected.  It  is  an  ex- 
ceedingly difficult  matter  to  determine  whether  a  nerve  lesion  is  irritative  or  nara- 
lyzing.  This  one  point  alone  is  the  cause  of  great  difficulties  in  nerve  pathology. 
Finally,  it  is  not  known  with  sufficient  accuracy  what  kinds  of  fibers  are  contained 
in  the  pneumogastric  nerve  in  man,  nor  at  what  points  they  enter  the  nerve-trunk. 
Hence  one  should  be  very  cautious  in  giving  the  opinion,  ''that  is  impossible  if 
disease  of  the  vagus  is  present,''  particularly  as  regards  the  possible  upper  limit 
of  the  pulse  frequency  in  that  condition. 

Nevertheless,  it  is  often  exceedingly  difficult  to  draw  a  dividing-line 
between  paroxysmal  tachycardia  and  the  effects  of  vagus  disease.  In 
most  cases  the  above-mentioned  factors,  and  especially  their  combina- 
tion, make  it  -possible  to  distinguish  vagus  disease  from  paroxysmal 
tachycardia,  particularly  if  one  has  been  careful  to  observe  exactly 
under  what  external  conditions  the  acceleration  of  the  pulse  occurs  in 
the  two  cases. 

Much  more  difficulty  may  be  experienced  in  distinguishing  the  form 
of  acceleration  of  the  heart-beat  which  occurs  paroxysmally  in  nervous 
individuals,  and  particularly  after  diseases  of  the  abdominal  organs. 
This  point  has  already  been  discussed.  It  may  fairly  be  asked  whether, 
under  such  circumstances,  it  is  possible  to  speaJc  of  any  strict  differentiar 
tion.  In  these  conditions  the  action  of  the  heart  is  greatly  accelerated 
through  reflex  and  possibly  through  toxic  influences.  How  far  this 
acceleration  is  attended  by  diminution  of  its  strength  remains  to  be 
shown  by  future  observations.  We  know  very  little  about  the  mechanism 
of  this  alteration  of  the  heart  action,  both  in  these  conditions  and  in 
essential  tachycardia  as  above  deflned,  and  cannot,  therefore,  at  the 
present  time,  pretend  to  say,  under  all  circumstances,  whether  two  cases 
are  similar  or  dissimilar. 

♦Nothnagel,  "Wiener  medicinische  Blatter,"  1887. 
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HEART  DISEASES  FOLLOWING  BODILY  INJURIES. 

The  heart  may  be  directly  involved  in  any  injury  to  the  entire  body, 
such  as  injuries  to  the  precordia,  thorax,  and  epigastrium  by  contusion, 
laceration,  or  a  wound  inflicted  with  a  sharp  weapon.  An  injury  of 
this  kind  may  be  brought  about  in  various  ways,*  especially  by  a  saber, 
bullet,  or  stab  wound  or  by  contusion  of  the  thorax. 

If  the  tissue  of  the  heart  itself  is  injured,  the  nature  of  the  sequelae 

*  Fischer  is  the  author  of  a  careful  review  of  cases  of  injury  to  the  heart  reported 
up  to  the  year  1867.  "Archiv  far  klinische  Chirurgie"  (Langenbeck),  vol.  ix,  P.  571. 
[See  also  the  critical  review  of  Hans  Herz,  "Centralblatt  f.  d.  Grenzgeb.  d.  Med.  u. 
Chir.,"  1903,  pp.  401,  449,  502.— Ed.] 
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lie  perfectly  quiet.  It  is  a  well-known  fact  that  men  as  well  as  animals 
can  cover  considerable  distances  after  receiving  a  severe  wound  of  the 
heart. 

To  the  above  picture  is  added  the  picture  of  anemia  in  other  parte 
of  the  body;  the  temperature  falls;  the  pulse  becomes  soft  and  small 
and,  as  a  rule,  accelerated;  the  face  is  pale  and  the  limbs  are  cold;  symp- 
toms of  injury  to  neighboring  organs,  especially  of  the  limgs,  are  also 
present,  and,  if  the  case  is  protracted,  signs  of  infection  make  their 
appearance. 

The  results  of  physical  examination  of  the  heart  are  variable  and  often 
very  difficult  to  interpret  because  a  complicating  pneumothorax  some- 
times completely  changes  the  position  of  the  organs.  The  presence  of 
blood  in  the  pericardium  may  produce  a  large  area  of  dulness.  Although 
percussion,  as  a  rule,  is  unsatisfactory  on  account  of  the  severity  of 
the  condition,  it  is,  nevertheless,  possible,  with  alittle  practice,  to  determine 
whether  hemopericardium  is  present  or  not.  If  air  is  inspired  through 
the  wound  in  the  thorax,  hemopneumopericardium  results,  the  clinical 
picture  of  which  is  unmistakable:  tympany  over  the  precordia,  a  metal- 
lic note  on  percussing  with  the  pleximeter,  duhiess  when  the  patient 
sits  up,  metallic  heart-sounds,  and  other  ringing  sounds  synchronous 
with  the  heart  action.  Distention  of  the  stomach  lending  a  resonant 
quality  to  the  heart-sounds  is  the  only  condition  for  which  hemopneumo- 
pericardium could  be  mistaken,  and,  by  taking  all  the  factors  in  the  case 
into  consideration,  it  should  always  be  possible  to  differentiate  between 
the  two  conditions. 

The  apex-beat  varies;  it  may  be  diminished  or  increased  in  strength; 
the  heart  action  may  be  accelerated  or  retarded.  The  rh)rthm  is  often, 
but  by  no  means  always,  irregular,  the  lack  of  imiformity  in  this  respect 
being  explained  by  the  variable  degree  of  anemia  and  by  the  fact  that 
the  injury  may  either  stimulate  or  inhibit  the  action  of  the  heart.  For 
the  same  reasons  the  heart-sounds  are  sometimes  very  feeble,  while 
at  others  they  appear  to  be  exceedingly  loud.  Systolic  murmurs  may, 
of  course,  occur  at  any  time. 

Vomiting  and  diarrhea  sometimes  occur,  just  as  in  cases  of  rupture 
of  the  heart.  If  the  lung  has  also  been  injured,  there  may  be  a  cough 
with  bloody  expectoration. 

The  force  and  rapidity  with  which  the  blood  escapes  from  the  wound 
in  the  heart  and  thorax  are  quite  variable,  and  again  suggest  an  analog)' 
to  casfBS  of  spontaneous  rupture  of  the  heart.  The  explanation  of  these 
differences  is  quite  obvious:  the  position,  size,  and  form  of  the  openings; 
the  force  of  the  cardiac  contractions;  the  height  of  the  blood-pressure; 
and  the  formation  of  clots,  which  may  temporarily  occlude  the  wound. 

Since  the  greatest  danger  in  wounds  of  the  heart  lies  in  the  severity 
of  the  hemorrhage,  and  since  there  is  danger  of  severe  secondary  hem- 
orrhage even  when  the  bleeding  at  first  was  slight,  wounds  of  the  heart 
must  always  be  subjected  to  active  surgical  treatment.  This,  of  course, 
requires  a  positive  diagnosis  of  injury  to  the  heart.  The  surgeon  must 
know  not  only  whether  the  injury  has  involved  the  organ,  but  also  whether 
the  walls  have  suffered  a  solution  of  continuity. 

This  point  may  be  very  difficult  to  determine. 

A  wound  in  the  region  of  the  heart  is  not  a  sufficiently  accurate 
diagnosis  even  when  it  is  associated  with  profound  disturbance  of  the 
general  condition  and  of  the  circulation.    The  first  thing  to  be  deter- 
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various  animals  I  believe  that  a  good  many  things  can  be  done  without  any  seiiotu 
danger  to  the  action  of  the  heart.  But  there  are  exceptions.  Sometimes  the  houri 
stops  beating  after  what  appears  to  be  only  a  slight  touch,  and  it  is  foimd  impossi- 
ble to  set  it  m  motion  again.  Animals  vary  in  this  respect.  For  instance,  the  dog's 
heart  is  much  more  sensitive  than  that  of  the  rabbit.  Experience  gained  from  ani- 
mals cannot,  therefore,  be  applied  to  the  human  subject  without  great  caution. 
Under  these  circumstances  it  is  a  fortunate  thinff  that  in  the  human  subject  the 
heart  can  be  partially  or  completely  exposed  ana  quite  severely  handled  without 
doing  any  great  amount  of  hann.  And  it  may,  therefore,  be  stated  that,  althmigh 
it  cannot  be  denied  a  priori  that  the  injury  to  the  heart  incident  to  the  introduction 
of  sutures  might  be  lollowed  by  alarming  symptoms,  nevertheless  the  experience 
gained  from  a  number  of  cases  indicates  that  the  human  heart  is  endowed  with 
great  powers  of  resistance.  Hence  in  view  of  the  great  danger  of  extensive  bleeding 
heart  wounds,  and  the  great  advances  in  the  technic  of  modem  surgery,  I  think  one 
ought  strongly  to  advise  exposing  the  organ  and  introducing  sutures  in  the  caae 
of  wounds  of  the  heart.  So  far  the  statistics  of  heart  injuries  have  Y^eea  very  dis- 
couraging; barely  10  per  cent,  of  the  patients  recover. 

The  expectant  treatment  of  injury  to  the  heart  needs  no  description, 
as  it  is  based  on  general  principles.  Absolute  rest  must  be  enforced. 
The  patient  is  given  morphin  to  lessen  cough  and  relieve  pain,  and 
thus  keep  him  quiet.  An  ice-bag  or  Leiter's  coils  should  be  applied 
to  the  precordia.  Venesection  is  recommended  by  some  authorities 
on  the  ground  that  it  reduces  the  blood-pressure  and  thus  diminishes 
the  bleeding  from  the  heart  woimd.  As  a  matter  of  fact,  it  has  repeatedly 
been  observed  that  venesection  is  followed  by  improvement  in  the  arter- 
ial pulse.  This  may  be  because  the  fluid  in  the  pericardium  is  more 
quickly  absorbed  when  the  venous  pressure  is  lowered,  and  the  com- 
pression of  the  IsLTge  veins  is  thus  diminished.  But  I  do  not  think  it 
is  likely;  for  the  rise  of  arterial  pressure  is  too  rapid,  and  diminution  of 
the  amount  of  blood  in  the  laige  veins  should  favor,  rather  than  diminish, 
compression.  However  that  may  be,  it  has  been  frequently  observed 
that  venesection  in  the  case  of  hemopericardium  is  followed  by  improve- 
ment in  the  circulation. 

For  all  that,  I  would  enjoin  great  caution  in  the  employment  of  vene- 
section in  cases  of  this  kind  because  the  chief  danger  from  the  very  outset 
lies  in  the  loss  of  blood.  A  better  means  to  produce  an  immediate  im- 
provement in  the  circulation  would  be,  in  my  opinion,  evacuation  of  the 
pericardium  by  puncture  or  incision.  It  is  true  that  this  tends  to  favor 
a  fresh  hemorrhage;  but  the  management  of  these  cases  must  be  deter- 
mined by  experiences  at  the  bedside  and  not  by  theoretic  considerations. 

Foreign  bodies  not  infrequently  enter  the  heart  from  the  outside 
and  remain  embedded  in  the.viscus  without  causing  much  damage. 
Isolated  cases  have  been  reported  of  penetrating  wounds  by  needles, 
swords,  or  daggers;  the  patient  at  first  presents  practically  no  morbid 
symptoms,  and  the  fatal  hemorrhage  does  not  begin  until  the  position 
of  the  weapon  is  changed  by  some  movement  of  tiie  heart  or  it  is  with- 
drawn from  the  outside. 

A  bullet  embedded  in  the  heart  sometimes  proves  quite  innocuous. 
Still  more  frequently  foreign  bodies,  such  as  needles  and  thorns,  for 
example,  which  get  into  the  heart  by  way  of  the  esophagus,  may  remain 
without  inflicting  any  damage.  This  is  not  diflicult  to  understand, 
for  the  progress  of  the  foreign  body  through  the  tissue  of  the  heart  is 
80  slow  that  there  is  time  for  inflammatory  processes  to  close  up  the 
track  behind  it;  thus  hemorrhage  is  avoided,  and  with  it  the  chief  danger 
incident  to  the  entrance  of  foreign  bodies. 
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flammation  takes  place.  As  regenerative  processes  in  the  heart  muscle 
occur  only  to  a  very  limited  extent,  healing  takes  place  chiefly  by  scar 
formation.*  It  is  a  matter  of  observation  that  traumatism  may  lead 
to  laceration  and  hemorrhage  into  the  heart  substance,t  so  that  the 
occurrence  of  compensatory  inflanmiation  is  readily  understood.  The 
difficult  thing  to  understand  is  that  chronic  progressive  processes  are 
said  to  develop,  and  the  course  of  these  traumatic  diseases  of  the  heart 
muscle,  so  far  as  can  be  judged  at  present,  is  also  progressive.  This 
again  suggests  the  idea  of  an  infectious  process. 

The  question  is  exceedingly  complicated.  Besides,  when  a  patient 
suffers  a  severe  contusion  of  the  chest  he  either  purposely,  in  the  attempt 
to  ward  off  the  injury,  or  involuntarily,  makes  violent  muscular  exertions; 
these  efforts  may  lead  to  heart  strain  which,  of  course,  is  capable  of 
greatly  diminishing  the  functional  power  of  the  heart  muscle. 

Cardiac  disturbances,  which  the  prevailing  views  include  among  the 
nervous  affections,  may  also  be  brought  about  by  injuries.  Among 
these  we  may  include  the  nervous  excitement  which  accompanies  heart 
wounds  or  contusions  and  which  has  a  special  influence  on  the  heart. 
In  many  of  these  cases  the  traumatism  itself  produces  disturbances  of 
the  heart  action,  although  the  organ  may  not  have  been  directly  injured 
in  the  manner  above  described.  This  is  inferred  chiefly  from  the  nature 
of  the  symptoms.  The  latter  are  identical  with  so-called  "nervous 
heart  "  symptoms,  and,  like  these,  are  frequently  associated  with  abnormal 
conditions  of  the  vessels.  For  a  description  of  these  symptoms  the 
reader  may,  therefore,  be  referred  to  the  respective  section,  where  it 
was  shown  that  the  nervous  diseases  of  the  heart  are  brought  about 
chiefly  by  psychic  factors.  When  heart  symptoms  develop  after  an 
accident,  they  are  also  chiefly  due  to  the  psychic  insult — ^that  is, 
they  form  a  part,  and  indeed  are  essentially  an  expression  of,  a  traumatic 
neurasthenia,  hypochondriasis,  or  hysteria. 

It  is  unimportant  whether  the  injury  has  affected  the  heart  directly 
or  not.  Any  kind  of  injmy  may  produce  nervous  heart  symptoms  if 
the  injury  ^ves  rise  to  the  form  of  excitement  which  causes  such  symp- 
toms; and  whether  or  not  such  excitement  is  brought  on  depends  very 
much  on  the  circumstances  attending  the  injury  and  the  constitution 
of  the  individual.  In  many  forms  of  traumatic  "neurosis''  the  heart 
symptoms  are  particularly  troublesome. 

Although  we  have  every  reason  to  attribute  heart  symptoms  of  this 
character  to  some  injury  to  the  nervous  system,  and  although  the  psychic 
element  is  imquestionably  the  most  important  factor  in  the  etiology, 
it  would  be  wrong  to  deny  that  the  shock  to  the  entire  organism  which 
accompanies  so  many  grave  injuries  is  in  part  responsible  for  the  cardiac 
affection.  The  morbid  processes  which  accompany  concussion  of  the 
brain  prove  that  many  portions  of  the  nervous  system  are  sensitive 
to  certain  special  movements  of  the  body.  Some  such  disturbance 
may,  of  course,  have  to  be  taken  into  consideration  in  the  conditions 
here  under  discussion,  but,  unfortunately,  our  knowledge  of  these  mat- 
ters is  still  very  imperfect.J 

Before  the  treatment  of  this  form  of  neurosis  is  begun  it  is  desirable 
to  settle  the  question  of  damages,  according  to  the  laws  that  regulate 
[accident — ^Ed.]  insurance.     [Very  thoroughly  arranged  in  the  German 

*  Bonome,  "Ziegler's  Beitrage,"  vol.  v,  p.  267. 

t  Such  cases  are  cited  by  Stern,  p.  37.  t  Compare  Riedinger. 
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The  idea  of  overexertion  introduces  certain  special  complications. 
According  to  the  prevailing  views  [of  German  accident  insurance  laws 
— Ed.]  accidents  are  made  to  include  *  **  abnormal  bodily  exertions  occur- 
ring either  once  or  several  times  in  quick  succession  when  accurately  and 
positively  proved  to  have  taken  place,"  and  which  have  caused  acute  dilata- 
tion of  the  ventricles  of  the  heart,  followed  by  immediate  disability. 
This  is  an  important  point;  for  accidents  are  not  infrequently  attended 
by  severe  muscular  exertion,  and,  on  the  other  hand,  it  is  not  always 
easy  to  decide  from  a  purely  medical  standpoint  whether  heart  symptoms 
are  due  to  violent  exertion  on  the  part  of  the  patient  or  directly  to  the 
injury. 

Moreover,  any  excessive  exertion  occurring  in  the  manner  just  de- 
scribed is  regarded  as  an  accident,  even  if  the  heart  was  previously 
diseased.  This  is  perfectly  obvious,  since  it  is  generally  admitted  that, 
if  it  is  proved  that  an  already  existing  disease  has  been  rendered  worse 
by  an  accidait,  the  patient  is  also  entitled  to  damages  under  the  law. 
It  is  an  important  practical  point  because  it  is  positively  known  that 
an  already  diseased  heart  is  much  less  tolerant  of  severe  muscular  exer- 
tion than  a  sound  heart.  In  actual  practice  it  all  depends  on  the  scope 
of  the  term  "overexertion,"  which  is  undoubtedly  extremely  elastic — ^the 
question  is,  how  elastic? 

This  depends  upon  legal  precedent,  and  Stem  quite  properly  calls 
attention  to  the  significance  of  a  decision  given  by  the  Imperial  Insurance 
Department  (Reichsversicherungsamt),  according  to  which  a  "severe 
and  unaccustomed  exertion"  in  a  workman  with  heart  disease  was 
reckoned  as  an  overexertion.  This  decision  shows,  once  for  all,  'that 
the  idea  of  overexertion  is  relative  and  varies  according  to  the  constitu- 
tion of  the  "injured  "  party. 

Profoimd  psychic  impressions  are  regarded  in  very  much  the  same 
light  as  violent  muscular  overexertion.  Such  impressions  are  undoubtedly 
capable  of  severely  injuring  the  heart,  and  may  even  bring  on  heart 
failure.  In  such  cases  the  existence  of  an  "accident"  as  defined  by  the 
law  has  also  been  recognized,  and  it  must  be  remembered  that  those 
who  suffer  from  various  kinds  of  heart  disease  are  peculiarly  sensitive 
to  psychic  impressions.  Cases  in  which  heart  patients  have  been  injured 
by  impressions  of  this  kind  have,  in  fact,  been  regarded  as  due  to  acci- 
dents.t  It  is,  therefore,  the  physician's  duty  to  make  a  very  accurate 
examination  and  to  give  a  clear  exposition  of  the  state  of  affairs,  which, 
of  course,  is  often  very  difficult  to  determine.  In  this  way  his  services 
may  be  of  great  value  to  the  patient. 
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be  isolated  by  the  methods  at  our  command  at  the  present  time.  In 
contrast  to  this,  we  may  cite  the  observation  of  Foureur,  who  reported 
a  case  of  purulent  pericarditis  in  which  the  pus  contained  the  Streptococ- 
cus pyogenes,  although  no  other  purulent  focus  could  be  found  in  any 
part  of  the  body.  In  this  instance,  the  Streptococcus  pyogenes  must 
be  regarded  as  the  sole  cause  of  the  primary  pericarditis.  It  is  possible 
that  a  primary  pericarditis  may  be  due  to  the  invasion  of  the  pneumo- 
coccus,  all  the  more  so  as  a  secondary  pericardial  inflanmiation  due  to 
the  same  germ  has  been  observed,  and  as  the  researches  of  Weichselbaum 
have  shown  that  meningitis  and  pleurisy  may  be  due  to  the  germ  of 
pneumonia. 

The  cases  of  primary  pericarditis  which  I  have  had  occasion  to  observe 
were  characterized  by  a  moderate  amoimt  of  exudate.  According  to 
Weichselbaiun,  the  pneiunococcus  produces  an  exudate  of  rather  fibrinous 
character,  and,  therefore,  in  my  cases  it  is  probable  that  other  germs 
were  at  fault.  That  traumatism  may  produce  inflammations  in  the 
pericardium  cannot  be  denied.  I  may  cite  especially  those  forms  which 
give  rise  to  the  so-called  maculcB  tendinecB,  and  it  is  possible  Hiat  we  may 
include  here  also  certain  ill-defined  affections  in  which  no  other  explana- 
tion can  be  given  for  a  heart  murmur  than  the  presence  of  a  pericaiditis. 
A  definite  statement  cannot  be  made  as  r^ards  these  (traumatic)  types 
of  pericardial  inflammation,  inasmuch  as  there  are  as  yet  too  few  reports 
of  autopsies  in  such  cases.  Personally,  at  least,  I  have  never  had  the 
opportunity  to  see  such  a  case  at  autopsy. 

Pericarditis  is  much  more  frequently  seen  as  the  sequel  of  some  other 
disease.  No  definite  statistical  data  as  to  the  frequency  of  this  form 
of  pericarditis  can  be  given  at  present;  for,  in  the  first  place,  we  must 
agree  as  to  whether  we  shall  count  the  -cases  seen  at  autopsy,  or  those 
seen  during  life.  Another  difficulty  is  the  question  as  to  whether  or 
not  the  maculae  tendinese  should  be  regarded  as  lesions  of  pericarditis. 
In  general,  however,  I  think  the  figures  given  by  Duchek  are  approxi- 
mately correct;  namely,  that  there  are  15.1  cases  of  pericarditis  among 
every  100  cases.  [Dudiek's  results  were  drawn  from  an  autopsy  experi- 
ence of  590  cases.  Pericarditis  was  present  in  89.  Among  tiie  living 
the  proportion  is  smaller.  Lockhart  Gillespie  found  pericarditis  clinically 
in  5  per  cent,  of  2368  patients  with  heart  disease. — Ed.]  The  disease 
occurs  at  all  ages,  and  is  probably  more  frequent  in  men  than  in  women. 

If  we  consider  the  causes  in  the  order  of  their  frequency,  we  must 
name,  first  of  all,  acuJte  articular  rheumaiism.  Ever  since  Pitcaim  showed 
the  connection  between  acute  articular  rheiunatism  and  pericarditis,  in 
1788,  we  have  known  that  a  pericardial  inflanmiation  may  occur  in  any 
form  of  this  disease,  and  at  any  stage  thereof.  In  fact,  as  others  as  well 
as  myself  have  observed,  rheumatism  may  begin  with  a  pericarditis  and 
gradually  develop  the  changes  in  the  dUferent  joints  diaracteristic  of 
the  disease.  The  conclusion  which  may  be  drawn  from  this  is  that 
pericarditis,  like  endocarditis,  belongs  to  acute  articular  rheumatism — ^in 
other  words,  that  the  changes  in  the  pericardiiun  are  produced  by  the 
same  cause  as  rheumatism — ^by  the  hypothetic  micro-organism  which 
has  not  yet  been  found.  The  objection  against  this  theory,  that  if  this 
were  so,  pericarditis  would  occur  more  frequently  than  it  actually  does 
in  rheumatism  (it  occurs  in  30  per  cent.,  as  I  have  also  found)  is  not 
valid,  because  we  find  in  many  other  diseases  that  not  all  the  sjnnptoms 
must  necessarily  be  well  marked,  and  because  in  many  cases  an  endo- 
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the  question  as  to  whether  the  pericarditis  in  these  patients  arises  as 
the  result  of  the  scarlatinal  infection  or  of  other  factors.  AccordiBg 
to  the  investigations  of  Kolisko  upon  the  large  material  of  the  Chil- 
dren's Hospital,  the  etiologic  factor  in  these  cases  is  an  invasion  of  the 
streptococcus  which  enters  by  way  of  the  angina. 

In  measles  pericarditis  is  very  rarely  seen;  the  same  is  true  of  typhoid 
fever  and  erysipelas. 

In  small-pox  pericarditis  may  occur,  probably  not  from  the  action 
of  the  specific  poison  of  the  disease,  but  as  the  result  of  the  pyemic  pro- 
cesses which  accompany  this  affection.  An  inflammation  of  the  peri- 
cardium, with  seropurulent  or  purulent  exudation,  is  observed  in  general 
in  all  pyemic  conditions,  especially  in  those  of  puerperal  origin  [and  in- 
cluding gonorrhea — Ed.]. 

It  is  well  known  that  various  types  of  pericarditis  not  infrequently 
occur  in  the  different  forms  of  Bright's  disease.  The  exudate  which 
occurs  in  these  cases  is  not  always  a  serous  one,  and  I  have  seen  a  number 
of  instances  in  which  it  was  fibrinous  or  serofibrinous. 

In  the  so-called  hemorrhagic  diathesis,  especially  in  scurvy,  I  have 
seen  moderate  amounts  of  bloody  exudate,  and  the  same  t3rpe  of  effusion 
occurs  in  debilitated  persons,  especially  in  drinkers  with  cirrhosis  of 
the  liver,  in  general,  after  severe  and  prolonged  diseases. 

Pericarditis  may  occur  through  a  direct  extension  of  the  inflammation 
from  neighboring  organs,  especially  from  the  heart,  in  diseases  of  the 
myocardium  with  superficially  situated  pyemic  or  mycotic  abscesses. 
A  striking  case  of  the  last-mentioned  type  has  been  described  by  Eberth. 

Localized  or  diffused  pericarditis  may  occur  as  the  sequel  of  multiple 
or  single  aneurysm's  of  the  ascending  portion  of  the  aorta  or  of  aneuiysms 
of  higher  portions,  which  exercise  pressure  against  the  heart.  We  must  be 
cautious  in  interpreting  the  manner  in  which  such  pericardial  inflamma- 
tion develops,  for  in  these  cases  we  have  to  deal  surely  not  only  with  the 
phenomena  of  pressure  and  stasis  in  the  vessels  of  the  heart,  but  in  some 
cases  we  must  undoubtedly  also  ascribe  the  origin  of  this  pericarditis 
to  the  same  cause  which  has  led  to  the  formation  of  the  aneurysms— 
namely,  infectious  processes.  This  seems  to  be  supported  by  the  fact 
that  we  not  infrequently  see  an  almost  complete  obliteration  of  the 
pericardial  sac,  while  the  origin  of  the  aneurysm  appears  to  be  more  recent 

In  a  similar  manner  pericarditis  may  arise  as  a  sequel  of  endocardial 
by  the  extension  of  the  inflammatory  process  from  the  endocardium. 
But  here,  also,  both  lesions  may  be  due  to  the  same  cause,  and  the  same 
view  must  be  taken  if  we  admit  that  an  endocarditis  may  develop  from 
a  pericarditis. 

We  have  already  mentioned  the  development  of  pericarditis  by 
e:ttensi4m  from  the  pleura.  The  greater  frequency  of  pericarditis  in  left- 
sided  pleurisy  shows  that  in  these  cases  we  are  actually  dealing  with  a 
direct  extension,  which  is  favored  by  the  greater  surface  in  contact 
with  the  heart  on  that  side. 

Caries  of  the  sternum,  of  the  ribs,  and  less  frequently  of  the  verttbra 
may  lead  to  a  pericarditis  which  is  then  accompanied,  as  a  nile,  by  a  puru- 
lent exudate.  Among  the  diseases  of  the  mediastinum,  cancer  of  the 
esophagus  is  the  most  frequent  cause  of  pericarditis,  as  I  have  obsen'ed 
in  several  instances.  In  these  cases  the  exudate  was  serofibrinous  or 
purulent,  and  in  one  instance,  in  which  a  perforation  was  about  to  take 
place,  it  was  gangrenous.    Other  tumors  of  the  mediastinum,  arisiiig 
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of  considerable  depth,  which  may  cover  the  entire  heart  and  the  entire 
inner  surface  of  the  fibrous  layer.  The  appearance  of  the  surface  of 
the  heart  at  this  stage  varies,  as  we  may  easily  understand,  according 
to  the  movements  of  this  oi^gan  against  these  masses,  which  are  still  soft. 
A  variety  of  designations  have  been  adopted  for  these  appearances, 
according  to  the  presence  of  warty,  shaggy,  or  furrowed  formations: 
cor  villosum,  huButum,  tomentosum,  etc. 

The  classic  comparison  of  these  lesions  with  the  appearance  of  two 
pieces  of  bread  and  butter  torn  apart  cannot  be  improved  upon.  I 
may  state,  as  a  matter  of  literary  interest,  that  the  comparison  in  this 
form  did  not  originate  with  Laennec,  as  has  been  generally  and  errone- 
ously asserted.  This  author,  who  described  pericarditis  so  well  that 
scarcely  an3rthing  of  importance  remained  to  be  added,  said:*  "The 
appearance  of  the  surfaces  resembles  completely  that  which  would 
be  presented  by  two  slabs  of  marble  which  had  between  them  a  pretty 
thick  layer  of  butter,  and  which  then  had  been  forcibly  separated  from 
each  other  by  the  process  employed  in  the  experiment  with  the  Magde- 
burg hemispheres.'' 

I  shall  only  add  a  few  words  concerning  the  horizontal  furrows: 
These  presuppose  a  special  movement  of  the  heart  which  has  been  de- 
scribed by  Komitzer,  who  was  confirmed  by  Skoda.  According  to 
Kqmitzer,  the  heart  during  each  systole  turns  upon  its  vertical  axis, 
as  the  result  of  the  lengthening  of  the  two  large  vessels,  which  produces 
an  unwinding  of  the  spiral  twist  which  these  two  structures  form  around 
each  other.  Skoda,  with  his  exceedingly  sensitive  ear,  confirmed  this 
theory  by  the  observation  that,  in  these  cases,  he  could  not  hear  the 
pericardial  friction  in  the  ordinary  manner,  moving  up  and  down,  but 
purely  transversely.  The  fact  that  this  type  of  friction  is  relatively 
rarely  heard  is  only  calculated  to  confirm  the  correctness  of  this  expla- 
nation; for  Kornitzer  has  already  drawn  attention  to  the  fact  that  the 
twisting  motion  of  the  heart  is  not  equcdly  great  in  every  individual. 
Therefore,  in  a  person  in  whom  the  twisting  motion  is  greater,  all  the 
other  mechanic  conditions  for  the  development  of  horizontal  furrows 
must  be  fulfilled  also. 

The  microscopic  examination  of  vertical  sections  also  shows  a  variety 
of  degrees  in  the  inflammatory  process.  After  the  endothelium  has 
been  shed,  the  serous  membrane  is  coated  with  a  layer  of  fibrillary  fibrin, 
which  contains  numerous  leukoc3rtes  and  some  red  blood-cells,  the  vessels 
showing  marked  hyperemia.  Or  there  is  an  abundant  accumulation 
of  round-cells  between  the  thicker  layers  of  fibrin;  or  there  is  young, 
newly  formed  connective  tissue,  which  grows  from  the  serosa,  with  the 
formation  of  new  capillaries.  In  this  the  round-cell  infiltration  is  more 
or  less  deep,  and  may  penetrate  into  the  muscles — a  fact  which  is  of 
special  importance  from  the  clinical  viewpoint. 

While  a  complete  restitution  to  the  normal  is  possible  in  the  milder 
degrees  of  the  inflammation,  the  healing  of  the  last-mentioned  t3rpe 
of  the  process  is  followed  by  the  formation  of  a  more  or  less  uneven 
scar-tissue.  We  shall  mention  more  in  detail  further  on  the  possible 
adhesion  of  the  opposed  surfaces  of  the  pericardium  which  may  take 
place  under  these  conditions. 

The  last-mentioned  form  of  plastic  inflammation  must  also  develop 
in  a  chronic  and  insidious  manner.    The  remains  of  pericardial  infliuouna- 
*  "Traits  de  Tauscultation  m^ate,"  etc.,  tome  ill,  Paris,  1837,  p.  3fi6. 
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Gangrenous  exudates  occur  under  quite  particular  conditions.  Ap- 
parently the  simple  contact  with  gangrenous  foci,  without  any  actual 
perforation,  suffices  to  produce  a  gangrenous  change  in  the  exudate. 
The  origin  of  this  change  is  perfectly  clear  in  cases  where  there  are  open 
communications  with  gangrenous  foci  in  the  lungs,  with  slouglung 
cancers  of  the  stomach,  etc.  Opinions  are  still  divided  at  present  con- 
cerning the  possibility  of  a  spontaneous  development  of  gas  from  an 
existing  exudate. 

I  have  already  discussed  in  detail  the  particular  diseases  in  which 
the  various  forms  of  exudate  are  most  frequently  met  with. 

But  we  must  consider  a  little  more  closely  the  behavior  of  the  heart 
muscle,  inasmuch  as  this  is  of  special  clinical  importance.  Virchow 
was  the  first  to  show  how  extensively  the  heart  muscle  may  take  part 
in  a  pericarditis,  and  not  only  in  the  chronic  form,  but  also  in  a  perfectly 
acute  case.  A  fatty  degeneration  of  the  muscle-fibers  of  the  heart  may 
occur,  either  localized  in  large  or  small  foci,  or  involving  the  entire  organ, 
beginning  at  the  surface  and  passing  inward.  In  the  superficial  layers 
there  may  also  be  a  purulent  infiltration  of  the  interstitial  tissues.  It 
is  clear  that  the  contractile  power  of  the  heart  muscle  must  suffer  through 
these  changes  and  that,  therefore,  exhaustion  is  readily  brought  about, 
as  the  result  of  which  a  dilatation  of  the  heart  develops.  At  the  beginning 
of  the  disease,  however,  when  the  process  has  not  progressed  very  far, 
the  muscle  may  regain  a  considerable  portion  of  its  power  and  may  even 
react  with  a  partial  or  total  hypertrophy. 

We  have  already  mentioned  that  the  inflammation  may  possibly 
pass  on  even  to  the  endocardium.  But,  in  addition  to  this,  the  large 
vessels  at  the  base  of  the  heart  may  also  take  part  in  the  disease,  the 
exudate  soaking  through  their  walls,  or  inflammatory  changes  pene- 
trating clear  into  the  media.  These  pathologic  processes  are  also  of 
considerable  clinical  importance. 

Symptoms. — ^There  is  scarcely  another  disease  which  presents  so 
variable  a  picture  as  pericarditis.  At  times  it  runs  its  course  without 
any  symptoms  whatever;  in  other  cases  it  leads  to  the  most  severe 
clinical  manifestations,  while  in  still  other  instances  it  may  begin  with 
mild  symptoms,  and  only  in  its  later  stages  dangerous  accidents  appear, 
often  with  great  suddenness. 

It  is  just  on  account  of  this  variable  picture  that  one  finds  it  impossi- 
ble to  present  a  satisfactory  classification  of  the  various  forms  of  this 
disease.  Even  the  distinction  between  an  acute  and  a  chronic  form 
is  rather  worthless  clinically,  as  the  transition  is,  in  general,  very  gradual, 
without  being  marked  by  any  special  phenomena.  The  symptoms  of 
the  chronic  form  may  also  be  marked  in  the  acute  stage,  so  that  we  cannot 
obtain  objective  data  for  the  distinction  of  the  two  forms.  One  of  the 
chief  causes  for  the  great  variability  of  the  manifestations  of  pericarditis 
lies  in  the  fact  that,  as  I  have  stated,  the  disease  is  usually  secondary 
to  other  affections  with  which  it  is  combined  and  which  may  give  similar 
symptoms,  for  example,  coexisting  affections  of  the  heart,  the  pleura, 
etc.  The  variations  in  the  clinical  picture  depend  chiefly  upon  three 
factors:  The  amount  of  exudate;  the  condition  of  the  heart  muscle 
(especially),  and,  finally,  the  possible  primary  disease.  The  quality 
of  the  exudate  is  only  of  secondary  importance  in  its  effects  upon  the 
clinical  picture.  While  there  is  an  entire  series  of  symptoms  which 
are  met  with  in  many  of  the  cases,  yet  only  those  which  are  brought 


776  DISEASES  OF  THE  PERICARDIUM. 

patient  from  previous  observation,  or  has  watched  him  from  the  beginning 
of  the  primary  disease.  A  patient  with  acute  articular  rheumatism 
may  have  a  heart-beat  of  normal  strength  in  the  usual  position.  A 
few  days  later  the  impulse  is  much  weaker,  and  on  the  following  day 
it  can  no  longer  be  felt.  There  is  then  every  reason  to  think  of  a  com- 
plication in  the  heart — endocarditis  or,  more  probably,  pericarditis. 
But  even  in  this  case  the  weakening  of  the  heart  impulse  is  not  necessarily 
caused  by  a  large  amount  of  fluid  exudate,  but  may  depend  merely  on 
the  condition  of  the  heart  muscle.  For  this  reason  I  call  attention 
to  the  importance  of  the  frequent  participation  of  the  myocardium  in 
the  pericarditis. 

A  large  amount  of  exudate  will  certainly  have  a  distinct  influence 
upon  the  movements  of  the  heart,  in  virtue  of  its  pressure  and  weight. 
If  thie  heart  has  preserved  its  normal  power  of  contraction,  however,  it 
will  still  be  able  to  force  itself  in  systole  through  the  fluid,  and  to  beat 
against  the  chest-wall,  in  spite  of  the  considerable  pressure  upon  it. 
When  the  disease  has  lasted  for  some  time,  however,  and  when  it  has 
reached  a  certain  degree,  especially  when  the  heart  muscle  has  partici- 
pated in  the  malady,  the  heart  impulse  will  grow  faint.  That  these 
views  are  correct  I  shall  prove  later  on,  when  I  come  to  speak  of 
friction-sounds  over  the  heart.  In  cases  in  which  the  diaphragm  is 
pressed  downward  under  the  weight  of  a  large  amount  of  exudate  the 
apex-beat  may  appear  lower  by  one,  or  even  by  two,  intercostal  spac^; 
but  all  such  statements  must  be  accepted  with  great  caution,  and  one 
must  not  believe  that  this  phenomenon  is  frequently  met  with,  still  less 
that  it  is  typical. 

I  should  like  to  emphasize,  finally,  that  even  the  absence  of  the  heart 
impulse,  when  the  radial  pulse  is  strong,  does  not  constitute  a  sign  of 
pericardial  exudate,  for  this  combination  of  symptoms  may  be  due  to 
other  conditions. 

The  examination  of  the  heart  impulse  may  also  be  of  importance 
in  other  directions.  When  the  patient  is  on  his  back,  and  when  there 
is  an  exudate,  no  heart  impulse  may  be  felt.  When  he  leans  over  for- 
ward, or  when  he  cautiously  assumes  the  knee-elbow  position,  the  impulse 
may  be  felt,  inasmuch  as  the  heart  then  lies  more  closely  to  the  diest- 
wall  after  having  pushed  back  the  fluid.  The  same  may  take  place 
when  the  patient  assumes  the  lateral  position. 

I  shall  speak  later  of  this  behavior  of  the  apex-beat,  to  which  Skoda 
long  since  called  attention,  when  I  come  to  the  description  of  the  areas 
of  dulness  in  the  differential  diagnosis  of  pericarditis. 

When  an  increased  heart's  action  is  observed  at  the  b^inning  of 
a  pericarditis,  the  tones  of  the  heart  may  be  sufficiently  loud  and  dear. 
But  weak  heart  tones  are  in  themselves  by  no  means  signs  of  the  presence 
of  a  pericarditis,  for  they  may  occur  under  normal  circumstances,  as  well 
as  in  other  pathologic  states. 

Matters  are  entirely  different  when  we  have  an  opportunity  of  observ- 
ing a  diminution  in  the  intensity  of  the  tones,  or  when  percussion  demon- 
strates an  unusually  large  fluid  exudate.  As  regards  the  former  circum- 
stance, the  sequence  of  events  may  be  as  follows:  Let  us  again  take  the 
case  of  an  acute  articular  rheumatism.  Today  we  hear  clear  heart- 
sounds  of  sufficient  loudness.  In  the  afternoon  of  the  same  day  we 
hear  these  much  less  distinctly,  and  on  the  following  morning  we  hear 
the  first  sound  over  the  aorta  remarkably  weak  and  dull,  and  in  the 
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heart  will  not  be  entirely  indifferent — I  mean  according  as  to  its  more 
or  less  vertical  or  horizontal  position,  for  this  varies  in  different  individ- 
uals. If  we  consider  all  the  circumstances,  we  shall  see  that  the  shape 
of  the  area  of  dulness  cannot  possibly  be  always  the  same,  even  if  one 
or  two  of  these  conditions  remain  constant. 

Skoda  long  ago  called  attention  to  the  fact  that,  at  the  beginning  of 
a  pericarditis  with  an  effusion  of  fluid  exudate,  the  latter  gathers  at  the 
base  of  the  heart,  for  the  reason  that  at  that  point  there  is  the  least 
resistance  on  account  of  the  conditions  described  above,  and  because 
the  exudate  is  specifically  lighter  than  the  heart.  Accordingly,  at  this 
stage,  we  find  an  area  of  dulness  high  up  at  the  base  of  the  heart;  when 
there  is  little  exudate,  at  the  third  rib;  when  there  is  more,  at  the  second 
rib,  and,  therefore,  the  area  of  dulness  of  the  heart  is  increased  vertically 
along  the  long  axis  of  this  organ,  possibly  to  a  slight  extent  also  horizon- 
tally toward  the  left  side  at  the  base.  I  must  emphasize  once  more 
that  we  are  not  here  dealing  with  exceptional  yielding  of  the  wall  of  the 
pericardium  at  another  point  than  the  base,  nor  with  the  presence  of 
diverticula  of  the  pericardium  into  which  fluid  could  pour,  nor  with 
adhesions  between  the  parietal  and  visceral  pericardium,  etc.  I  must 
also  call  particular  attention  to  the  fact,  in  order  to  avoid  errors,  that  I 
speak  always  of  the  area  of  absolute  dulness.  When  the  amount  of  fluid 
is  increased  to  a  certain  degree,  it  no  longer  finds  room  above  at  the  base, 
but  flows  downward  along  the  sides  and  along  the  posterior  surface; 
and  now  we  get  those  enlarged  areas  of  dulness  at  the  anterior  surface 
of  the  chest  which  characterize  the  several  forms  of  the  disease.  To  a 
certain  extent  these  areas  assume  the  shape  of  a  triangle  whose  rounded 
apex  is  situated  at  the  manubrium  of  the  sternum  and  whose  base  is 
at  the  diaphragm.  But  the  sides  of  this  triangle  are  not  perfectly  straight 
lines.  As  an  example  of  the  shape  of  the  area  of  dulness  in  a  case  with 
a  large  amount  of  exudate  I  give  the  following:  A  rounded  apex  of 
the  triangle  near  the  manubrium,  at  the  level  of  the  upper  border  of  the 
second  rib,  bounded  on  the  right  by  an  oblique  line  running  downward 
to  the  upper  border  of  the  sixth  rib,  and  crossing  the  latter  slightly  in- 
ternally to  the  right  mammillary  line.  This  right  boundary  line  is  not 
straight,  but  shows  a  slight  concavity  to  the  right. 

The  left  boundary  is  much  more  oblique  from  within  outward,  and 
is  still  more  curved  than  the  right,  the  dulness  exending  to  an  equal 
distance  at  the  lower  border  of  the  second,  the  third,  or  even  the  fourth 
rib,  to  the  left  of  the  sternum,  and  only  at  that  point  sweeping  to  the 
left,  even  as  far  as  the  mammillary  line  and  beyond,  and  then  falling  in 
an  easy  curve  down  to  the  diaphragm.  I  have  also  noted  this  boundary 
line  on  the  left  side  in  those  cases  in  which  I  have  been  able  to  convince 
myself  at  autopsy  that  there  were  no  adhesions  between  the  pericardium 
and  the  lung,  or  between  the  lung  and  the  chest-wall — that  there  was, 
therefore,  actually  only  a  variation  in  the  power  of  retraction  of  the  lung. 
The  size  of  the  area  of  dulness  just  described  varies  with  the  amount  of 
exudate,  and  I  have  seen  such  areas  occupy  the  greater  portion  of  the 
anterior  aspect  of  the  chest  down  to  the  seventh  rib;  to  the  right,  a  few 
centimeters  beyond  the  mammillary  line  on  that  side,  and  to  the  left  a 
still  greater  distance  beyond  the  mammillary  line  and  beyond  the  site 
of  the  apex-beat. 

There  remains  to  be  discussed  more  in  detail  a  question  which  is 
considered  of  great  importance  by  many  authors,  especially  by  Oppolzer, 
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can  only  occur  where  the  rough  portions  are  in  direct  contact  with  each 
other  and  while  the  smallest  amount  of  fluid  between  the  pleura  will 
make  this  soimd  disappear,  a  pericardial  friction-sound  may  still  be 
heard  in  the  presence  of  a  certain  amount  of  exudate.  This  is  because 
a  strongly  beating  heart  at  the  moment  of  systole  is  able  to  penetrate  the 
fluid,  and  thus  to  bring  the  rough  surfaces  in  contact  with  each  other, 
while  during  the  diastole  they  are  again  separated. 

The  pericardial  friction  may  be  so  marked  that  the  physician,  or  even 
the  patient  himself,  can  feel  it. 

Let  us  now  look  into  the  question  as  to  whether  the  dryness  of  the 
exudate  is  sufficient  to  produce  a  friction-sound.  Various  data  exist 
in  literature  which  tend  to  show  that  frictionnsoimds  occur  after  losses 
of  laige  amount  of  fluid;  as,  for  example,  according  to  Pleischl,  in 
cholera,  and  it  cannot  be  denied  that  the  ear  at  times  receives  the  im- 
pression as  though  the  surfaces  which  rub  against  each  other  were  very 
dry.  Even  the  well-known  phenomenon  of  the  reduplication  of  the 
second  pulmonary  tone  sometimes  produces  the  same  impression.  And 
yet,  whenever  I  attempted  to  convince  myself  as  to  the  conditions 
present  in  such  cases  at  autopsy,  I  have  been  imable  to  find  this  dry 
condition  of  the  affected  tissues.  It  may  be  objected  that  the  parts 
have  become  more  moist  after  death,  but  I  believe  that,  if  the  friction- 
sound  were  due  to  dr3mess  of  the  serous  surfaces,  it  could  be  much  more 
frequently  demonstrated. 

The  friction-flound  may  be  heard  over  any  part  of  the  heart,  but  is 
most  frequently  heard  at  the  base.  As  may  be  understood  from  the 
manner  in  which  it  arises,  it  may  be  heard  with  varying  intensity,  and 
even  with  different  qualities,  at  various  parts  of  the  cardiac  area.  It 
may  be  heard  during  systole  and  during  diastole,  or  only  during  one  of 
these  two  phases.  ITie  consensus  of  observations  shows  that  it  is  louder, 
as  a  rule,  during  inspiration  than  during  expiration,  although  there  are 
some  observers  who  have  found  the  opposite  to  be  true — in  cases  where 
the  friction-soimd  was  heard  during  expiration  only,  or  more  loudly 
during  the  latter.  A  number  of  experiments  have  been  made  in  order 
to  explain  the  reason  for  these  differences  in  behavior,  but  it  is  ver>' 
difficult  to  do  this  satisfactorily,  inasmuch  as  the  anatomic  conditions 
are  neither  very  well  known  as  yet  nor  perfectly  connected  with  the 
clinical  manifestations.  As  opposed  to  the  contention  of  those  observers, 
like  Lewinski,  who  attribute  the  greater  loudness  of  the  sound  during 
expiration  to  the  fixation  of  the  anterior  border  of  the  lung,  we  must 
note  that  this  increasing  intensity  may  also  occur  when  the  lung  is  perfectly 
free.  This  increase  in  loudness  may  also  be  much  more  easily  explained, 
under  conditions  such  as  are  described  by  Lewinski,  by  assuming  that 
the  pericardium  is  under  a  different  tension  during  expiration,  and  this 
theory  is  also  supported  by  the  fact  that  the  phenomenon  in  question 
is  not  equally  marked  during  every  expiration. 

I  return  to  a  subject  to  which  I  have  already  called  attention  in  dis- 
cussing etiology,  inasmuch  as  it  has  given  rise  to  a  variety  of  mistakes. 
A  friction-floimd  may  be  heard  which  is  synchronous  with  the  heart-beat, 
but  is  not  at  all  produced  by  the  diseased  condition  of  the  serous  peri- 
cardiimi.  Roughnesses  on  the  fibrous  pericardium,  or  on  the  medias- 
tinal pleura,  or  on  the  neighboring  pulmonary  and  costal  pleura,  may  be 
pressed  against  each  other  by  the  movements  of  the  heart,  and  thus 
an  extrapericardial  friction-soimd  may  be  produced.    In  addition,  such 
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Finally,  we  must  mention  a  very  important  diflPerential  point:  We 
hear  the  murmur  when  the  patient  is  on  his  back  only  at  the  front  of 
the  heart,  and  there  it  is  heard  very  clearly.  With  the  patient  in  the 
left  lateral  position,  we  find  that  the  murmur  has  become  more  faint 
at  the  place  where  it  was  heard  distinctly  before,  or  even  that  it  has 
disappeared,  while  now  a  murmur  may  be  heard  at  the  left  border  of  the 
heart.  This  is  due  to  the  fact  that  either  a  clump  of  fibrin  which  had 
been  caught  previously  had  changed  its  position,  or  that  intimate  con- 
tact had  been  created  at  another  place  as  the  result  of  the  altered  position 
and  heavier  pressure  of  the  heart,  in  obedience  to  the  laws  of  gravitation. 
A  similar  sequence  of  events  may  take  place  when  the  patient  changes 
his  position  to  the  right  side.  It  may  occur  also  that  we  suspect  pericar- 
ditis in  a  case  of  acute  articular  rheumatism,  and  hear  only  muffled  sounds 
when  the  patient  lies  on  his  back,  but  perceive  a  distinct  murmur  when 
he  lies  on  his  side.  We  know  that  such  variations  do  not  occur  with  endo- 
cardial murmurs. 

I  have  already  stated  that  pericardial  friction-sounds  may  have  all 
the  various  qutdities  which  are  observed  in  endocardial  murmurs.  It  is 
a  question,  however,  whether  this  is  also  true  of  the  whistling,  musical 
noises.  There  are  cases  on  record  in  which  a  whistling  sound  was  heard 
temporarily  and  in  which  other  s3rmptoms  of  pericarditis  were  present. 
I  have  personally  observed  such  cases.  It  is  very  difficult  to  conceive 
how  such  a  sound  can  develop  within  a  pericardial  sac.  In  analogy 
with  the  musical  endocardial  tones,  one  involuntarily  thinks  of  a  string 
or  thread-like  structure  which  is  made  tense  and  produces  the  aforesaid 
tones,  and  one  can  fancy  that  when  this  thread  breaks,  the  symptom 
may  suddenly  disappear.  Mdtrai  very  recently  has  asserted  that  a  whist- 
ling tone  may  occur  in  pericarditis  in  virtue  of  the  vibrations  of  several 
threads  found  at  autopsy  in  the  pericardial  sac  in  one  case,  the  increased 
tension  of  which,  at  the  moment  of  siystole,  accounts  for  the  sound.  I 
cannot  admit  the  possibility  of  such  a  sound  being  produced  by  this 
mechanism  in  the  pericardium,  with  or  without  the  presence  of  an  eflfu- 
sion,  and  I  think  that  this  is  especially  impossible  in  the  case  reported 
by  Mdtrai.  Inasmuch  as  he  states  that  the  cardiac  impulse  could  not  be 
felt  from  the  start,  the  systole  could  not  have  caused  such  a  marked 
tension  of  the  threads  in  question  that  a  sound  would  be  produced.  As 
a  number  of  threads  were  present,  their  simultaneous  vibration  would 
have  given  rise  to  interference  phenomena  which  could  scarcely  permit 
the  development  of  a  musically  pure  tone.  It  is  evident  that  we  are 
still  in  the  dark  as  to  the  exact  mode  in  which  the  whistling  sound  is 
produced. 

Can  a  differential  diagnosis  be  made  between  the  so-called  endoperi- 
cardial  friction-sounds,  which  come  from  the  serous  layer  of  the  pericar- 
dium, on  the  one  hand,  and  the  extrapericardial  or  pleurocardial  sounds, 
on  the  other?  Skoda  long  since  expressed  his  opinion  on  this  subject, 
and  gave  us  all  essential  data  for  this  differentiation.  If  the  friction- 
sound  is  heard  over  the  stemiun  or  lower  down,  near  its  left  edge,  the 
murmur  arises  in  the  serous  pericardium;  for  at  this  point  the  fibrous 
pericardiiun  is  adherent  to  the  thoracic  walls  by  means  of  that  cellular 
tissue  which,  according  to  Luschka,  becomes  thickened  into  the  superior 
and  inferior  cardiac  ligament.  Therefore,  the  possibility  of  a  friction- 
sound  in  this  region  is  excluded.  If  the  area  of  dulness  is  enlaiged, 
that  is,  if  a  fluid  exudate  is  present  in  the  cavity  of  the  pericardium, 
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in  the  amount  of  exudate.  I  exclude,  of  course,  all  other  complications, 
such  as  valvular  disease,  etc.  As  regards  the  first  factor,  one  sees  not 
infrequently  an  increased  pulse-rate  at  the  beginning  of  the  disease, 
without  any  fever  or  without  relation  to  fever.  Whether  this  is  the 
result  of  irritation  or  of  depression  must  remain  undecided,  although 
the  former  is  more  probable.  There  may  abo  be  the  various  types  of 
irregular  pulse,  and  such  disturbances  of  innervation  will  astonish  us  less 
when  we  come  to  learn  of  others  of  more  serious  character.  As  a  rule, 
the  increased  pulse-rate  disappears  after  a  short  time,  but  it  may  per- 
sist, as  I  have  observed  in  several  cases,  during  the  entire  disease,  and 
even  after  convalescence.  In  such  cases  we  must  suspect  that  a  more 
serious  lesion  exists  in  the  myocardium  and  in  the  ganglia  in  the  heart 
muscle.  The  suspicion  becomes  stronger  when  the  pulse  becomes  less 
tense  and  smaller.  A  trifling  excitement  or  a  slight  ph3r8ical  exertion  is 
sufficient  to  interfere  with  the  regular  heart's  action,  especially  to  in- 
crease the  rate  of  the  beat.  If  the  amount  of  exudate  exceeds  a  certain 
degree,  or  if  it  appears  very  rapidly,  the  fluid  must  exercise  pressure, 
wMch  affects  the  more  yielding  structures  first.  Thus,  the  superior 
vena  cava,  the  pulmonary  veins,  and  then  the  auricles  are  compressed 
first  of  all;  the  diastolic  filling  of  the  ventricles  is  interfered  with,  and 
stasis  occurs  in  the  systemic  veins — less  markedly  so  in  the  pulmonary 
veins.  The  result  is  a  sluggishness  in  the  renewal  of  the  blood-stream 
passing  through  the  lung,  therefore,  a  lessened  gaseous  exchange,  and; 
what  is  most  interesting  to  us,  a  less  active  filling  of  the  arteries  and  a 
smalhiess  of  the  pulse.  As  we  have  pointed  out  before,  these  phenomena 
are  due  not  only  to  the  amount  of  exudate  and  the  rapidity  of  its  forma- 
tion, but  also  to  the  condition  of  the  heart. 

I  have  never  observed  a  slow  pulse  at  the  beginning  of  the  disease, 
and  when  this  is  noted  at  the  end,  I  do  not  think  any  other  interpreta- 
tion necessary  than  that  which  is  given  to  this  sign  in  the  convalescence 
from  other  severe  diseases;  for  example,  pneumonia. 

I  shall  speak  later  on  of  the  pulsuB  paradoxus  which  may  also  occur 
in  simple  pericarditis. 

Although  Traube  has  observed  a  narrowing  of  the  left  carotid  and 
left  radial  arteries  in  a  case  of  pericardial  exudate,  these  anomalies  were 
probably  accidental,  or  indirectly  related  to  the  pericarditis.  I  have 
seen  such  a  case  in  which  there  was  no  sign  of  pericarditis,  although  no 
other  causes  than  an  anomaly  in  the  size  of  these  vessels  could  be  found. 
I  think  there  is  no  reason  to  assume  the  existence  of  an  obliterating 
arteritis  or  an  embolism.  The  same  may  be  said  of  two  cases  of  pericar- 
ditis in  which  Gerhardt  observed  a  pulsation  over  the  spleen.  This 
sign  is  certainly  only  indirectly  connected  with  pericarditis,  and,  as 
Gerhardt  beUeves,  through  the  diminished  tension  of  the  blood-vessels 
resulting  from  the  fever. 

If  we  remember  the  results  of  pressure  upon  the  venae  cavae  which 
have  been  spoken  of  above,  we  will  at  once  understand  that  pericarditis 
may  be  accompanied  by  a  stasis  in  the  systemic  veins,  with  all  its  conse- 
quences— more  or  less  marked  cyanosis;  swelling  of  the  liver;  conges- 
tion of  the  kidneys,  etc.  These  phenomena  are  further  increased  be- 
cause diminished  filling  of  the  left  ventricle  causes  a  lessened  vis  h  tergo. 
Hence  edemas  result  and  all  the  phenomena  are  increased  if  the  myocar- 
dium becomes  affected  at  the  same  time,  not  to  mention  the  possibility 
of  other  complications.     The  stasis  will  be  most  clearly  marked  in  tto 
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In  the  milder  forms  the  urine  does  not  show  anything  abnormal,  but 
when  it  does  show  changes,  they  may  belong  to  one  of  two  t3rpes:  either 
the  urine  shows  those  peculiarities  which  are  characteristic  of  fever,  or 
else  it  assumes  that  form  which  is  attributed  to  stasis.  In  the  former 
event  we  have  a  concentrated  dark  urine  of  high  specific  gravity,  and 
it  is  not  infrequent  to  find  an  abundant  lateritious  sediment.  In  the 
latter  case  the  urine  is  diminished  in  quantity,  also  dark,  but  contains 
a  more  or  less  marked  amount  of  albumin  and  possibly  a  few  casts.  In 
both  cases,  however,  we  must  determine  what  elements  in  the  urinary 
findings  are  to  be  attributed  to  the  pericarditis  and  what  to  the  primary 
disease,  especially,  in  the  latter  case,  how  much  of  the  urinary  distur- 
bances must  be  credited  to  a  coincident  disease  of  the  heart  muscle. 
It  appears,  therefore,  that  we  cannot  gain  any  essential  diagnostic  in- 
formation from  the  examination  of  the  urine.  Whether  the  chlorids 
are  constantly  diminished,  or  whether  any  prognostic  significance  may 
be  attributed  to  their  behavior,  cannot  at  present  be  told. 

Among  the  subjective  symptoms,  pain  is  to  be  mentioned  first.  I 
may  say,  unhesitatingly,  that  the  greater  number  of  cases  of  peric^xiitis 
run  their  course  without  any  pain.  On  the  other  hand,  one  must  admit 
that  sometimes  a  severe  spontaneous  pain  may  be  present,  or  the  least 
touch,  the  slightest  pressure  with  the  stethoscope,  may  indicate  great 
tenderness.  We  cannot  trace  this  very  marked  difference  to  certain 
forms  of  the  inflammation,  nor  to  varying  amounts  of  exudate. 

There  is  no  doubt  that  this  pain  can  only  be  caused  by  the  pericar- 
ditis. But  inasmuch  as  it  may  not  merely  be  limited  to  the  cardiac 
region,  but  also  may  radiate  to  other  parts  of  the  chest,  to  the  neck, 
the  shoulder,  and  even  the  arm,  we  must  determine  very  carefully  in  a 
given  case  by  examination  whether  we  are  dealing  with  a  rheumatic 
pain  of  the  chest-wall  or  possibly  with  a  disease  of  the  shoulder-joint 
or  of  the  pleura  accompanying  the  pericarditis.  The  decision  will  be 
the  more  difficult  because  the  pain  is  not  infrequently  increased  by  deep 
inspiration,  both  in  pleurisy  and  in  pericarditis.  My  own  observations 
do  not  place  me  in  a  position  to  state  whether,  as  Baumler  claims, 
the  pain  is  more  frequently  felt  in  the  region  of  the  epigastrium  than 
in  other  places.  The  observation  of  Baumler  as  to  the  presence  of  a 
painful  spot  on  the  left  side  of  the  larynx  also  seems  to  be  unique.  While, 
as  has  been  said,  an  intense  tearing  or  stabbing  pain  is  quite  rare,  patients 
often  complain  of  other  painful  sensations,  such  as  a  feeling  of  weight 
or  pressure. 

They  often  speak  of  a  troublesome  feeling  of  palpitation  of  the  heart, 
especially  at  the  beginning  of  the  disease — a  symptom  which  may  be 
accounted  for  by  the  increased  cardiac  activity,  and  which  generally 
disappears  when  the  hearths  action  becomes  more  quiet. 

I  must  call  special  attention,  however,  to  still  another  sign,  which 
has  also  been  spoken  of  by  other  authors.  I  mean  the  very  marked 
feeling  of  anxiety  and  oppression  which  accompanies  the  shortness  of 
breath.  It  is  true  that  these  signs  are  observed  especially  in  cases  with 
large  exudates  in  which  the  amount  of  fluid  rises  rapidly,  but  these  are 
certainly  not  the  only  causes;  for  the  intense  feeling  of  anxiety  and 
fear  which  is  distinctly  expressed  upon  the  features  of  the  sufferer,  and 
which  excites  our  fullest  compassion,  occurs  in  the  presence  of  compara- 
tively small  amounts  of  exudate.  Lai^ge  pleuritic  effusions,  valvular 
lesions  of  the  heart,  also  produce  dyspnea — and  yet  the  picture  of  peri- 
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also  speaks  in  favor  of  a  hypertrophic  heart,  for  the  presence  of  even  a 
moderate  amount  of  exudate  generally  lessens  the  vigor  of  the  impulse. 
If  an  enlargement  of  volume  has  taken  place  in  the  course  of  months, 
then  this  alone,  aside  from  other  symptoms,  would  speak  in  favor  of 
hypertrophy. 

The  question  of  differentiating  from  a  marked  dilatation  may  arise 
only  in  acutely  developing  enlargements  of  the  area  of  dulness.  This 
is,  however,  quite  rare.  Therefore,  if  the  increased  area  of  dulness  has 
developed  under  our  eyes,  pericarditis  is  certainly  more  probable  than 
enlargement  of  the  heart.  The  latter  also  would  certainly  produce  more 
severe  sequelae,  such  as  congestion  of  the  liver,  swelling  of  the  ankles, 
etc.  Furthermore,  severe  hypertrophies  of  the  heart  are  usually  caused 
by  valvular  disease.  Therefore,  wherever  the  manifestations  of  a  val- 
vular affection  are  absent  one  would  be  justified  in  thinking  rather  of  a 
pericarditis.  This  is  reversed,  however,  when  Bright's  disease  is  present, 
and  when  we  have  not  previously  known  the  patient,  or  in  those  rare 
cases  of  valvular  disease  in  which  there  are  no  murmurs.  A  differentia- 
tion may  be  made  even  in  these  cases  when  alterations  in  the  extent 
of  the  area  of  dulness  occur  within  short  intervals,  for  such  changes 
would  undoubtedly  speak  in  favor  of  a  pericardial  exudate.  If  fluid 
collects  about  a  heart  which  is  enlarged  at  the  same  time,  the  presence 
of  the  exudate  can  only  be  detected  when  it  develops  under  our  eyes, 
or  when  the  variability  in  the  area  of  dulness  just  mentioned  is  observed. 
In  these  cases  the  remarks  made  above  will  aLso  apply. 

The  differentiation  between  pericarditis  and  hydropericardium  will 
be  discussed  later  on.  Aneurysms  of  the  ascending  aorta,  those  of 
unusual  site,  as  in  the  concavity  of  the  arch,  or  even  of  the  thoracic  aorta, 
may  also  give  rise  to  an  enlarged  area  of  dulness  which  may  be  distinctly 
triangular  in  form.  This  is  due  especially  to  the  fact  that  the  heart  is 
displaced  to  the  left  and  downward  by  these  aneur3n3ms.  If  other  symp- 
toms of  aneurysm  are  present,  the  differentiation  will  not  be  difficult, 
but  it  will  be  puzzling,  or  even  impossible,  in  those  instances  in  which 
these  s3rmptoms  are  absent.  It  must  be  borne  in  mind  that  there  are 
aneur3r8ms  which  lie  close  to  the  anterior  thoracic  wall  and  still  do  not 
produce  any  pulsation. 

Mediastinal  tumors  may  also  produce  enlarged  areas  of  duhess  in  a 
very  similar  manner.  The  mode  of  development,  the  presence  of  ex- 
tensive networks  of  veins  upon  the  anterior  aspect  of  the  chest,  the  aus- 
cultatory phenomena,  the  swollen  lymph-nodes,  the  course  of  the  disease, 
and  the  age  of  the  patient  are  all  to  be  regarded  as  diagnostic  criteria 
in  such  cases. 

When  distinct  friction-soimds  are  present,  and  when  the  disease  has 
developed  imder  our  observation,  it  is  not  difficult  to  distinguish  a  peri- 
carditis from  a  unilateral  or  bilateral  free  pleuritic  exudate.  On  the 
other  hand,  the  opposite  is  the  case  when  a  small  unilateral  or  even 
bilateral  exudate  is  sacculated  close  to  the  heart,  or  when  the  adhesions 
which  have  formed  about  the  sacculation  are  so  situated  that  they  pro- 
duce a  triangular  area  of  dulness  over  the  heart.  If  the  dulness  has 
developed  steadily  imder  our  eyes,  there  can  be  no  doubt  as  to  the  diag- 
nosis, especially  when  friction-sounds  are  also  present.  If  the  completed 
process  is  present,  however,  and  if  no  other  signs  of  pericarditis  are  mani- 
fest,-then  the  differentiation  becomes  very  difficult.  In  such  cases  we 
must  rely  again  chiefly  upon  a  very  accurate  history,  upon  the  variations 
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of  the  disease  disappear,  until  the  exudate  is  entirely  absorbed,  and, 
especially,  until  the  heart  muscle  regains  its  full  power.  Recovery  may 
be  apparent  only  also  on  account  of  the  formation  of  adhesions  between 
the  two  layers  of  the  pericardium,  an  event  which  may  be  designated 
as  the  end  of  the  disease,  but  certainly  not  as  a  true  recovery  therefrom. 

A  fatal  termination  takes  place  in  the  acute  form,  as  a  rule,  at  the 
height  of  the  disease,  through  heart  failure — either  as  the  result  of  the 
pressure  of  the  massive  exudate,  especially  when  the  fluid  accumulates 
very  quickly,  or  as  the  result  of  a  diseased  condition  of  the  muscle  itself, 
which  leads  to  paralysis  of  the  heart.  The  feeling  of  fear  and  the  short- 
ness of  breath  grow  more  and  more  threatening;  the  cyanosis  increases; 
the  temperature  falls;  the  pulse  grows  smaller,  and  the  disturbances 
in  the  pulmonary  circulation  finally  lead  to  edema  of  the  lung.  A 
transient  improvement  is  still  possible,  or  a  second  attack  of  collapse 
may  lead  to  the  fatal  end.  The  primary  disease  itself  is  of  great  impor- 
tance for  the  prognosis  in  such  cases,  and  also  the  constitution  of  the 
patient,  his  general  condition,  and  whether  or  not  he  was  addicted  to 
alcohol. 

Some  authors  attribute  the  rapid  death  which  occurs  in  some  cases 
of  pericarditis  accompanied  by  hemorrhagic  exudate  to  the  loss  of  blood. 
Although  the  possibility  of  such  an  occurrence  cannot  be  entirely  denied, 
I  believe  that  in  these  cases  death  is  due  chiefly  to  the  paralysis  of  the 
heart  muscle.  A  fatal  termination  through  other  causes  scarcely  needs 
to  be  considered.  As  I  have  already  mentioned,  abscesses  with  perfora- 
tion which  burst  outward  very  rarely  occur  in  the  course  of  the  disease, 
and  are  more  frequently  seen  in  connection  with  the  subacute  or  chronic 
type. 

The  chronic  type  may  develop  very  slowly  from  the  acute  form  of 
the  disease,  and  we  have  no  means  of  detecting  whether  or  not  the  disease 
is  destined  to  become  chronic  from  the  start.  The  acutest  manifestations 
may  cease;  the  fever  may  disappear,  and  yet  nothing  is  changed  in  the 
physical  signs  over  the  heart,  or  the  area  of  dulness  may  possibly  diminish 
somewhat  temporarily,  but  only  to  increase  again,  even  to  a  greater 
degree  than  at  first.  In  other  cases,  while  the  physical  signs  partly 
disappear,  the  patient  does  not  seem  to  recover  fully;  the  appetite  does 
not  increase,  and  therefore  nutrition  lags;  the  patient  is  weaJc,  and  the 
slightest  exertion  produces  palpitation  of  the  heart  and  shortness  of 
breath.  At  this  stage  the  patient  may  still  recover  completely  at  any 
time,  even  after  the  disease  has  lasted  for  weeks,  the  fluid  exudate  being 
absorbed,  the  solid  exudate  undergoing  fatty  degeneration,  and  the 
molecular  debris  being  absorbed.  Even  this  termination  may  only  be 
an  incomplete  one,  because  there  may  be  partial  adhesions  inclosing 
encapsulated  pus  or  deposits  of  calcium  salts,  or  the  diseased  heart  mus- 
cle may  not  recover,  but,  on  the  contrary,  the  walls  of  the  heart  may 
yield  more  and  more  to  the  intracardial  pressure,  thus  leading  finally 
to  dilatation  of  this  organ.  As  a  sequel  of  these  anatomic  changes,  and 
as  a  result  of  stasis  in  the  pulmonary  circulation,  persistent  bronchitis 
may  develop  and  gradually  there  may  appear  the  general  phenomena 
of  dropsy;  at  first  slight,  later  more  marked,  until  finally  the  patient 
dies  of  marasmus. 

In  still  another  class  of  cases  the  course  of  pericarditis  is  influenced 
by  that  of  the  primary  disease,  or  the  fatal  termination  is  due  to  this 
primary  condition. 
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scientific  experiments,  that  blood-letting  and  the  use  of  mercurial  pre- 
parations are  to  be  rejected  as  perfectly  worthless.  On  account  of 
this  declaration  he  has  been  anathematized  as  a  therapeutic  nihilist, 
but  it  is  not  difficult  to  prove  that  he  did  not  deserve  this  epithet,  and 
it  is  well  to  put  an  end  to  the  uncontrolled  and  schematic  application  of 
these  remedies.  It  is  certainly  a  scientific  acquisition  when  it  is  demon- 
strated that  certain  remedies  are  of  no  use,  and  possibly  may  do  harm. 
This  is  the  case  as  regards  general  blood-letting,  for  the  patient  with 
pericarditis  is  in  constant  danger  of  sudden  heart  failure.  How  much 
will  he  then  need  his  blood ! 

Our  treatment,  therefore,  will  necessarily  be  chiefly  S3miptomatic. 
Above  all,  such  a  patient  needs  perfect  rest,  preferably  in  a  somewhat 
raised  position,  and  must  be  kept  from  all  mental  and  physiosd  excite- 
ment. 

The  diet  must  vary  according  to  the  appetite  of  the  patient.  At 
the  beginning,  while  the  disease  is  developing  and  high  fever  is  present, 
only  liquid  diet  is  to  be  given,  and  acid  drinks  are  to  be  ordered  to  relieve 
the  thirst.  The  bowels  must  be  regulated,  and  easy  evacuations  secured 
in  order  to  prevent,  on  the  one  hand,  a  distention  of  the  abdomen,  and, 
on  the  other,  to  prevent  all  physical  exertion.  The  application  of  cold 
ofifers  one  of  the  most  important  means  of  treatment  in  pericarditis  and 
fills  a  whole  series  of  indications.  It  may  be  applied  either  in  the  form 
of  a  light  ice-bag  or  of  cold  compresses,  or,  what  is  very  useful,  by  means 
of  the  Leiter  coil.  Cold  is  applied  to  combat  directly  the  inflanmaatory 
process,  to  lower  the  temperature,  and  to  diminish  the  excitable  heart's 
action,  which  is  often  very  much  increased  in  frequency  early  in  the  disease. 
These  applications  are  particularly  beneficial  in  relieving  palpitation, 
even  when  other  modes  of  treatment  fail.  They  also  diminish  the  short- 
ness of  breath,  and  may  be  tried  even  as  the  most  convenient  method  of 
relieving  pain.  As  we  have  said  before,  the  fever  in  pericarditis  is  not, 
as  a  rule,  very  high.  If  it  reaches  a  higher  degree,  for  example,  as  the 
result  of  the  primary  disease;  if  the  heart  muscle  is  threatened  by  the 
high  temperature;  and  if  cold,  applied  as  mentioned  above,  does  not 
suffice,  then  we  can  give,  with  due  caution,  a  few  doses  of  antifebrin 
[acetanilid — Ed.]  (0.3  gm.).  Baths  in  any  form  are  not  to  be  recom- 
mended in  the  acute  stage  of  the  disease,  for  the  simple  reason  that  the 
patient  requires  rest. 

If  the  pain  becomes  more  severe,  and  if  the  cold  does  not  suffice  to 
relieve  it,  it  is  not  advisable  to  change  to  hot  applications,  inasmuch  as 
the  latter  easily  increase  the  heart's  action.  If  the  heart-beat  is  vigorous, 
then  there  is  no  objection  to  the  use  of  morphin  in  small  doses,  internally 
or  by  subcutaneous  injection.  It  is  more  advisable,  however,  to  omit 
the  use  of  morphin,  and,  at  all  events,  it  is  best  to  use  it  only  in  those 
cases  in  which  the  physician  is  able  to  watch  the  patient  carefully.  The 
employment  of  leeches  is  perfectly  useless,  although  they  relieve  the  pain 
temporarily  in  some  cases.  The  remedies  mentioned  above  are  certainly 
more  useful. 

When  there  is  marked  dyspnea,  sodium  bromid  in  doses  of  1  gm.  re- 
peated several  times  gives,  usually,  great  relief.  If  the  shortness  of  breath 
is  very  severe,  morphin  may  again  be  used  with  caution.  The  increased 
heart's  action  and  the  palpitation  are  best  combated  by  means  of  digitalis  in 
the  form  of  the  infusion  of  the  leaves  (1.5  gm.  in  15.0  c.c.  of  water  per  day). 
If  the  pulse  is  weak,  or  if  one  is  timid,  one  might  first  try  30  or  40  drops 
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*'with  over  1200  c.c.  of  fluid,  the  visceral  and  parietal  pericardium  were 
still  adjacent  anteriorly."  Schaposchnikoff  showed  experimentally 
that  the  position  of  the  heart  in  such  cases  is  due  to  ttie  elasticity  of  the 
great  vessels.  He  admits  that  in  cases  where  the  great  vessels  lose  th^ 
elasticity  the  heart  sinks.  Doebert  suggests  that  inflammatory  processes 
in  and  around  the  great  vessels  help  to  fix  the  latter.  Schaposchnikoff 's 
view  has  been  accepted  by  Romberg  and  many  other  clinicians.  It 
was  combated  by  Damsch,  on  the  ground  of  experiments  the  technical 
faults  of  which  have  been  shown  by  Aporti  and  Figaroli,  whose  experi- 
mental results  were,  however,  sUghtly  divergent  from  Schaposchni- 
koff's. 

Numerous  clinical  observers  have  followed  Schaposchnikoff's  teach- 
ings, notably  Heiking,  Albert  Fraenkel,  Doebert,  and  Peters  and  Rudolf. 
Schaposchnikoff  advises  puncture  in  the  third  or  fourth  right  interspace 
near  the  sternum,  or,  in  the  case  of  large  exudates,  the  sixth  left  inter- 
space. Several  operators  have  successfully  punctured  in  the  fifth  right 
interspace.  Romberg,  following  Kussmaul  and  Curschmann,  advises 
the  fifth  or  sixth  left  intercostal  space  outside  the  mammary  line,  at  a 
point  where  there  is  dulness,  but  no  pulsation  or  friction.  The  danger 
of  opening  the  pleural  cavity  is  not  to  be  considered,  especially  as  pleural 
effusion  is  often  associated,  in  the  left  side,  and  can  be  drained  after 
emptying  the  pericardium  by  partially  withdrawing  the  cannula. 

A  nimiber  of  recent  American  and  English  authors, — Shattuck,  Fita, 
Osier,  Ogle  and  AUingham,  Pendlebury,  Latham,  Coutts  and  Rowlands, — 
and  Mintz  and  Heiking  in  Russia,  reconmiend  the  left  xiphocostal  space. 
This  was  proposed  by  Larrey  nearly  one  hundred  years  ago,  but  looked 
upon  as  visionary  until  lately.  In  cases  with  large  exudates  the  peri- 
cardium may  be  entered  at  this  point  without  danger  of  injuring  the 
liver,  peritoneum,  or  pleura,  and  it  offers  excellent  facilities  for  drainage 
by  incision  following  aspiration. 

Good  results  have  been  obtained  by  operations  at  all  the  various 
points  described.  In  some  cases  the  choice  may  be  limited  by.peculiari- 
ties  of  the  outline  of  dulness,  and  I  should  recommend  exploratory  aspirar 
tion  in  the  order  mentioned.  The  operation  is  usually  done  with  the 
patient  lying  down,  but  if  this  fails,  the  patient  should  be  partly  raised, 
or  even  made  to  lean  forward.  Exploratory  aspiration  should  alwa)rs 
be  made  with  a  sharp,  small,  but  not  too  fine-calibered  needle.  No 
anesthetic  is  necessary  for  this  operation.  The  needle  must  be  put  in 
slowly,  so  as  to  feel  the  structures  (as,  in  fact,  all  exploratory  punctures 
should  be  made).  It  is  usually  possible  to  feel  when  the  needle  enters 
the  pericardium,  but  in  some  cases — occasionally  involving  errors  in 
diagnosis — the  heart  muscle  has  been  punctured.  The  right  ventricle 
cannot  always  be  avoided  in  puncturing  in  the  left  side,  but  in  general 
the  accident  is  not  serious.  Much  more  to  be  feared  is  puncture  of  the 
right  auricle.  Having  found  fluid  by  aspiration,  it  is  next  necessary 
to  learn  its  character  and  the  distance  from  the  surface  at  which  it  can 
be  reached.  Clear  serous  exudates  may  be  removed  through  the  fine 
needle  by  attaching  a  siphon  tube.  Thicker  exudates  require  a  trocar 
and  cannula  or  large  aspirating  needle  of  2  to  3  mm.  diameter.  Cursch- 
mann uses  a  fiat  trocar  and  cannula  3  to  5  mm.  wide.  The  larger  instru- 
ments can  be  used  with  an  aspirating  apparatus,  but  a  simpler  method 
is  by  the  siphon  tube,  a  long  rubber  tubing,  sterilized,  fxill  of  water,  at- 
tached, while  still  full,  to  the  end  of  the  cannula;  the  other  end,  placed 
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be  completely  destroyed  by  the  increased  motion  of  the  heart.  Possibly 
the  reappearance  of  a  friction-sound  may  be  dependent  upon  this  circum- 
stance, for  I  have  noted  this,  but  only  for  a  short  time,  in  a  number  of  cases 
at  the  end  of  a  pericarditis  when  the  patient  had  become  practically  well. 
The  adhesions  may  not  only  develop  as  the  termination  of  an  acute  peri- 
carditis, but  also  as  the  result  of  the  insidious  form,  so  that  the  time  of 
their  appearance  cannot  be  determined  in  any  way  at  our  command, 
just  as  similar  chronic  adhesions  very  frequently  also  form  in  the  pleura, 
less  often  in  the  peritoneum,  and  there  too  may  lead  to  the  complete  ob- 
literation of  these  cavities. 

A  consideration  of  the  condition  of  the  heart  muscle  is  also  of  impor- 
tance. This  tissue  may  be  found  to  be  perfectly  healthy  in  some  cases, 
but,  as  a  rule,  it  is  degenerated  and  the  heart  cavity  is  dilated  when  the 
disease  has  lasted  long,  and  has  been  accompanied  by  extensive  adhe- 
sions. At  times  there  is  also  a  partial  or  complete  hypertrophy  of  the 
heart. 

Recalling  what  has  been  said  about  the  condition  of  the  heart  muscle 
in  pericarditis,  it  is  easy  to  understand  that  in  the  presence  of  adhesions 
there  is  a  more  or  less  wide-spread  affection  of  the  myocardium  from 
without  inward,  in  the  form  of  fatty  or  fibroid  degeneration.  The 
latter  may  in  turn  produce  disturbances  in  the  circulation  which  influence 
the  nutrition  of  the  heart  muscle.  But  even  in  cases  in  which  no  such 
severe  changes  have  occurred  in  the  heart  muscle,  this  tissue  often  appears 
remarkably  soft  and  friable  at  autopsy.  It  is  easily  seen  that  such  a 
heart  muscle  would  readily  yield  to  pressure  upon  its  walls  from  within 
outward,  and  that,  therefore,  a  dilatation  of  the  heart  cavity  could  take 
place. 

Why  is  cardiac  hypertrophy  relatively  rare  in  these  cases?  In  deter- 
mining its  existence  one  must,  first  of  all,  ascertain  whether  or  not  a 
h3rpertrophy  had  been  present  previously,  and  especially  whether  it 
had  been  caused  by  a  coincident  valvular  affection.  The  fact  that  ad- 
hesions, as  such,  do  not  easily  produce  a  hypertrophy  is  explained  whai 
we  remember  that  adhesions  produce  an  entirely  different  set  of  condi- 
tions from  that  in  valvular  disease.  In  the  latter  the  heart  is  obliged 
to  overcome  an  abnormal  resistance,  and,  therefore,  to  develop  a  greater 
propulsive  power.  But  when  there  are  adhesions,  the  heart  being  hamp- 
ered in  its  motion,  is  simply  obliged  to  exert  itself  more  in  order  to  be 
able  to  contract.  This  increased  labor  will  easily  weaken  it,  and,  there- 
fore, a  dilatation  will  be  more  apt  to  take  place,  especially  because  in 
most  instances  there  is,  at  the  same  time,  a  disease  of  the  heart  muscle 
itself.  If  the  adhesion  is  so  wide-spread  that  the  heart  cannot  contract 
completely  around  its  contents,  that  is,  cannot  drive  out  all  the  blood  at 
each  systole,  the  ventricle  is  obliged  to  increase  its  action  in  order  to  over- 
come this  difficulty.  But  on  account  of  the  condition  of  the  heart  muscle 
and  the  difficulty  in  movement  due  to  adhesions,  heart  weakness  and  the 
severe  conditions  which  we  shall  discuss  later  will  usually  occur  in  such 
cases.  If  adhesions  also  exist  between  the  pericardium  and  the  pleura 
and  between  the  costal  and  pulmonary  pleura,  they  need  not  necessarily 
be  due  to  the  same  cause  nor  appear  at  the  same  time,  but  may  be  inde- 
pendent of  the  pericarditis  which  has  produced  pericardial  adhesions 
and  may  have  appeared  either  earlier  or  later.  It  is  important  to  remem- 
ber this,  for  it  explains  the  fact  that  the  signs  over  the  heart  may  be 
different  at  different  times  of  observation. 
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tion  of  the  intercostal  spaces  and  the  epigastrium.  These  are,  therefore, 
normal  systolic  phenomena  of  retraction. 

It  is  different  when  a  systolic  retraction  takes  place  at  the  apex  in- 
stead of  a  systolic  impulse.  We  have  already  spoken  in  detail  concern- 
ing the  significance  of  a  weakening  of,  or  an  absence  of,  the  systolic  ex- 
pansion. The  systolic  retraction  is  to  be  looked  upon  as  an  expression 
of  impeded  locomotion  of  the  heart  without  a  compensating  occupation 
of  the  space  to  be  filled. 

Skoda  has  expressed  himself  most  accurately  on  this  subject,  and 
when  one  has  had  an  opportunity  to  observe  his  acumen;  when  one 
remembers  with  what  collosal  industry  he  studied  every  case  for  years, 
and  made  comparisons  between  what  he  observed  during  life  and  the 
findings  at  autopsy,  one  must  needs  place  great  value  upon  the  conclu- 
sions of  this  clinician.  For  a  long  time  Skoda's  views  prevailed  until 
they  were  placed  in  doubt  by  the  observations  of  Traube,  Friedreich, 
Riegel,  and  Galvagni.  Let  us  hear,'first  of  all,  what  Skoda  has  to  say: 
A  simple  adhesion  between  the  heart  and  the  pericaidiimi  is  not  capable 
of  so  fixing  the  heart  that  a  sufficient  interference  in  the  commotion 
of  the  latter  will  be  produced,  for  the  pericardium  will,  to  a  certain  degree, 
take  part  in  the  movements  of  the  heart,  and  even  in  the  presence  of 
adhesions  the  diminution  in  the  volume  of  this  organ  during  systole  will 
not  prevent  the  lung  from  filling  the  space  formed  when  the  heart  apex 
nears  the  base  of  the  heart.  However,  matters  are  reversed  when  there 
are  adhesions  between  the  outer  surface  of  the  pericardium  and  the  tho- 
rax, or  between  the  mediastinal  and  the  costal  pleura.  It  makes  no 
difference  whether  the  lung  is  adherent  at  the  same  time  or  not.  What 
occurs,  now,  during  systole?  The  heart  must  become  smaller  in  this 
phase  of  the  cycle;  it  must  approach  the  base  of  the  heart,  for  only  in 
this  manner  can  the  blood  be  driven  out — ^provided,  of  course,  that  the 
heart  possess  a  sufficient  degree  of  contraction.  If  the  heart  is  fixed 
through  the  existence  of  the  adhesions  described,  the  apex  will  tend  to 
approach  the  base,  but  cannot  do  so  unhindered,  owing  to  its  fixation. 
Therefore,  as  the  space  which  the  heart  apex  leaves  cannot  be  filled  out 
by  lung  (inasmuch  as  the  lung  now  cannot  pass  between  the  heart  and 
the  chest- wall),  there  will  be  a  retraction  or  depression  of  the  thoracic 
walls  opposite  the  apex.    I  shall  come  to  speak  of  this  distinction  again. 

Then  came  two  observations  by  Traube,  later  one  by  Riegel,  another 
by  Friedreich,  and  finally  some  by  Galvagni,  which  were  intended  to 
controvert  the  theory  of  Skoda.  These  authors  claimed  that  the  systolic 
retraction  at  the  apex  is  not  a  sign  of  adhesions  between  the  heart  and 
the  pericardium,  or  at  least  not  in  the  sense  accepted  by  Skoda,  for  retrac- 
tion may  take  place  with  a  perfectly  free  heart  (Friedreich),  or  in  the 
presence  of  a  marked  aortic  stenosis,  or  even  in  old  people  as  the  result 
of  arteriosclerosis  (Galvagni),  or  (Traube)  on  account  of  a  certain  amount 
of  fixation  of  the  heart,  but  in  a  much  more  simple  manner  than  has 
been  described  by  Skoda. 

It  is  necessary  to  discuss  these  statements  more  in  detail,  although 
very  briefly.    I  shall  do  this  in  the  order  which  seems  to  be  the  simplest. 

According  to  Galvagni,  a  sclerotic  condition  of  the  aorta  prevents  the 
stretching  of  this  vessel  during  the  systole  of  the  heart — ^the  latter  organ 
cannot  move  downward  and  from  its  contraction  causes  a  S3^stolic  retrac- 
tion. It  is  impossible  for  me  to  imagine  that  the  mechanism  is  so  simple. 
One  must  remember  how  many  cases  of  arteriosclerosis  occur  among 
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case,  also,  he  says:  "The  left  lung  is  adherent  to  the  thoracic  wall  in  a  few 
places,  but  easily  detachable."  It  seems  to  me,  therefore,  that  the  con- 
dition of  the  lung  in  these  cases  was  of  great  importance.  As  regards  the 
second  case,  it  is  really  very  difficult  to  admit  that  such  a  fixation  of 
the  heart  could  have  taken  place  from  the  fold  alone,  that  a  sufficient 
disturbance  in  the  motility  of  the  heart  could  be  produced.  K  one  takes 
the  trouble  to  open  a  thorax  from  behind  and  to  expose  in  this  manner 
the  posterior  wall  of  the  pericardium,  one  can  see  very  distinctly  how 
small  the  area  is  where  the  fibrous  pericardium  is  adherent  to  the  dia- 
phragm, and  how  readily,  therefore,  the  pericardium  must  yield  to  the 
movements  of  the  heart.  Admitting,  therefore,  the  correctness  of  all 
the  observations,  I  still  believe  that  the  anatomic  findings  which  have 
been  thus  far  disclosed  do  not  offer  a  sufficient  explanation  for  the  33^8- 
tolic  retraction,  and  that  it  will  be  necessary  to  study  this  question  much 
more  thoroughly  on  the  basis  of  a  much  larger  material  more  completely 
investigated.  The  effect  of  these  strands  of  connective  tissue,  their 
length,  and  their  direction  must  be  very  cautiously  considered  in  deciding 
the  question.  If  such  a  strand  runs  from  right  to  left  and  from  above 
downward  and  is  2  cm.  long,  as  in  the  case  reported  by  Tuczek,  it  is 
evident  that  a  considerable  amount  of  contraction  of  the  left  ventricle 
is  still  possible,  for  the  heart  can  certainly  contract  more  than  2  cm., 
and  inasmuch  as,  when  the  contraction  exceeds  that  Umit,  the  strand 
will  be  turned  about,  finding,  so  to  speak,  its  fulcrum  in  the  parietal  peri- 
cardium. Summing  up  the  matter,  I  can  only  say  that  I  agree  with 
Skoda  that  an  adhesion  at  the  base  can  only  produce  a  systolic  retrac- 
tion when,  the  apex  being  free,  the  limg  is  so  fixed  that  it  cannot  take 
the  place  of  the  contracted  part. 

A  case  which  I  had  occasion  to  observe  corroborates  the  correctness 
of  my  remarks  concerning  the  insufficiency  of  the  anatomic  material 
for  a  decision  of  the  question  under  consideration,  and  shows  something 
of  the  difficulties  in  interpreting  the  observations  made  in  this  connection. 
In  a  case  of  pleurisy  with  an  enormous  amount  of  exudate  on  the  left 
side  the  heart  had  been  pushed  12  cm.  beyond  the  right  sternal  margin. 
A  systolic  expansion  was  seen  and  felt  distinctly  in  the  fourth  intercostal 
space  in  the  right  axillary  line.  The  explanation  of  this  may  be  very 
simple:  It  may  be  assumed  that  this  expansion  is  due  to  the  promi- 
nence of  a  portion  of  the  right  ventricle  beating  at  this  place  as  the  re- 
sult of  the  displacement  of  the  heart.  However,  a  distinct  systolic  retrac- 
tion was  seen  in  the  epigastrium — ^a  sign  which  I  have  never  seen  before, 
in  spite  of  my  varied  experience  in  these  cases.  I  must  admit  that  I 
am  not  able  to  explain  this  phenomenon.  We  must  assume  that  the 
apex  was  situated  behind  the  jimction  of  the  costal  cartilages  with  the 
sternum.  Was  the  displaced  heart  adherent  to  the  thoracic  wall?  I 
did  consider  such  a  possibility,  but  after  paracentesis  had  removed  2500 
c.c.  of  purulent  exudate,  the  heart  had  returned  toward  the  median  line, 
and  now  neither  a  pulsation  nor  a  retraction  could  be  observed. 

It  is  impossible  to  understand  why  an  adhesion  of  the  heart  at  the 
apex  should  not  also  produce  a  retraction  of  the  intercostal  spaces,  pro- 
vided that  there  are  also  adhesions  with  neighboring  structures.  We 
cannot  regard  the  validity  of  the  explanation  that  in  this  case  the  base 
of  the  heart  was  drawn  downward  during  contraction  and  thus  the  space 
filled,  which  is  created  during  systole;  for  retraction  must  necessarily 
follow  above  at  the  base,  as  the  stretching  of  the  vessels  would  certainly 
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by  the  systolic  contraction  produces  such  an  aspirating  effect  upon  the 
column  of  blood  in  the  vense  cavse  and  in  the  veins  of  the  neck  that  the 
blood-pressure  is  suddenly  lowered  in  these  vessels.  Friedreich,  evidently 
under  the  influence  of  his  opinion  about  the  adhesions  of  the  heart  with 
the  diaphragm,  believes  that  with  the  sinking  back  of  the  thoracic  wall 
the  diaphragm  is  also  flattened,  and  that  the  superior  vena  cava  is  thereby 
lengthened.  This  does  not  appear  possible  when  we  remember  that 
during  the  systolic  contraction  of  the  heart  its  base  is  drawn  down,  and 
therefore  a  lengthening  of  the  vessels  takes  place.  The  movement  of  the 
chest-wall  alone  is  certainly  sufl&cient  to  explain  the  phenomenon. 

The  examination  of  the  pulse  gives  us  a  clue  to  the  power  of  contrac- 
tion of  the  heart.  But  as  this  depends  not  only  upon  the  presence  of 
adhesions  around  the  heart,  but  also  upon  the  condition  of  the  heart 
muscle  the  pulse  phenomena  cannot  have  a  direct  relation  to  the  adhesions. 

Riess  had  occasion  to  observe  several  cases  in  which  metallic  heart 
tones  were  heard  as  the  result  of  adhesions  between  the  heart  and  the 
pericardium,  and  explains  this  occurrence  by  the  consonance  of  the 
heart-sounds  in  a  dilated  stomach.  He  regards  this  phenomenon  as  a 
certain  sign  of  adhesions  between  the  heart  and  the  pericardium.  But 
when  we  consider  that  this  peculiar  metallic  sound  occurs  at  times  simply 
as  the  result  of  a  markedly  distended  stomach,  as  a  pure  phenomenon  of 
consonance,  or  as  a  splashing  sound  which  arises  through  the  blow  of  a 
hypertrophic  heart  against  the  stomach,  we  can  at  most  admit  that  this 
manifestation  is  more  frequently  heard  when  there  is  an  adhesion  between 
the  heart  and  the  pericardium,  provided  the  other  conditions  which  are 
necessary  for  its  development  are  also  present. 

Finally,  a  series  of  sjrmptoms  may  be  observed  in  these  cases,  which 
are  in  no  way  characteristic  of  the  disease  under  consideration:  Palpi- 
taiion  of  the  heart,  a  feeling  of  tightness  and  oppression  in  the  chest,  a 
more  or  less  marked  dyspnea,  cyanosis^  and,  finally,  dropsical  phenomena. 
These  conditions  may,  it  is  true,  be  produced  by  the  adhesions  alone, 
which  diminish  the  contractile  power  of  the  heart  and  the  peritect  empty- 
ing of  its  cavities,  but  they  may  also  be  the  result  of  disease  of  the  heart 
muscle  alone  or  of  uncompensated  valvular  disease. 

It  is  not  always  easy  to  interpret  the  dropsical  symptoms,  and  at 
times  it  becomes  very  difficult.  Thus  it  is  not  at  all  impossible  that 
the  case  of  the  young  girl  which  has  been  mentioned  several  times  should 
have  been  interpreted  in  the  same  manner  as  an  observation  of  Bamber- 
ger and  a  similar  case  reported  by  Weinberg,  namely,  that  the  ascites 
which  occurred  before  the  general  dropsy  had  developed  was  due  to  adhe- 
sions between  the  heart  and  the  pericardium,  which  produced  a  kink 
in  the  inferior  vena  cava,  whereby  stasis  was  first  induced  in  the  hepatic 
veins,  followed  by  changes  in  the  liver  substance,  and  thus  by  stasis 
in  the  portal  veins. 

[This  condition  has  become  known  as  Pick's  syndrome.*  The  striking 
feature  of  the  dropsy  is  that  it  begins  in  the  peritoneum  instead  of  the 
dependent  parts,  as  in  heart  weakness.  Just  how  much  local  oriivide- 
spread  serositis  is  present  in  these  cases  is  still  unsettled. — Ed.] 

Diagnosis. — ^Extensive  adhesions  between  the  heart  and  the  pericar- 
dium may  occur  without  giving  any  symptoms  whatever.  The  diagnosis 
in  such  cases  can  only  be  made  at  the  autopsy.     In  other  instances  the  dis- 

*  Friedel  Pick, "  Ueber  chronische  unter  dem  Bilde  der  Leberciirhose  veriaufende 
Pericarditis,"  "Zeitschrift  fiir  klin.  Med.,"  vol.  X3ax. 
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It  is  of  different  import  when  we  see  a  retraction  of  the  intercostal 
space  corresponding  to  the  apex  of  the  heart.  We  shall  at  once  be  justi- 
fied, as  we  have  explained  above,  in  thinking  of  the  presence  of  adhesions 
between  the  heart  and  the  pericardium.  For,  even  if  those  objections 
which  we  have  discussed  in  detail  in  the  foregoing  paragraph  be  admitted, 
we  could  easily  prove  the  presence  or  the  absence  of  a  high  degree  of  aortic 
stenosis.  The  question  remains  to  be  answered,  what  form  of  adhesions 
is  present  when  there  is  a  simple  retraction  of  the  region  of  the  apex?  I 
have  shown  in  detail  that  adhesions  between  the  visceral  and  the  parietal 
pericardium  alone  are  not  sufficient  to  produce  this  sign.  I  have  ex- 
pressed my  doubts  about  the  view  that  this  sign  may  be  produced  by  a 
fibrous  band  or  by  an  accidental  fold  between  the  two  layers,  or  by  a 
simple  adhesion  at  the  base  of  the  heart,  and  I  have  emphasized  the  fact 
that  in  order  to  produce  apical  retraction  a  more  intimate  fixation  of  the 
heart  (therefore  a  more  extensive  adhesion  to  the  chest-wall,  or  an  adhe- 
rence of  the  border  of  the  limg)  is  necessary.  But  if  the  retraction  is 
wide-spread,  and  if  there  is  a  systolic  retraction  of  the  lower  part  of  the 
sternum  and  the  corresponding  ribs,  there  can  be  nothing  but  an  adhesion, 
and  an  intense  one  at  that,  of  the  heart  with  the  pericardiim^i,  the  latter 
with  the  thoracic  wall,  the  vertebrae,  and,  most  probably,  with  the  neigh- 
boring lung  also.  No  other  condition  could  cause  these  signs.  Another 
support  for  the  correctness  of  this  diagnosis  in  the  more  severe  cases  is 
the  diastolic  collapse  of  the  veins  previously  mentioned. 

I  should  like  to  call  attention  again  to  the  fact  that,  for  purposes  of 
diagnosis,  we  should  not  only  estimate  the  distinctness  with  which  these 
signs  appear,  but  also  that  we  may,  to  a  certain  extent,  estimate  the 
presence  of  a  weakened  or  diseased  heart  muscle  from  the  degree  of  the 
systoUc  retraction. 

I  do  not  think  it  is  necessary  to  enter  more  in  detail  into  the  differential 
diagnosis  between  adhesions  without  characteristic  s3anptoms  and  a 
case  of  myocardial  disease.  Such  a  differentiation  is  impossible,  so  long 
as  no  characteristic  s3anptom  is  present,  as  both  diseases  have  the  same 
signs  and  the  same  causes  and  tustories.  The  same  may  be  said  of  the 
differentiation  between  adhesions  and  chronic  pericardial  exudates. 
If  the  reader  will  recall  what  I  said  of  the  cardiac  signs  in  the  girl  with 
cirrhosis  of  the  liver,  he  will  at  once  clearly  understand  that  there  could 
have  been  a  chronic  pericardial  exudate,  just  as  well  as  adhesions  between 
the  heart  and  the  pericardimn,  and  that  these  two  conditions  could  not  be 
distinguished  from  each  other  unless  we  could  demonstrate  the  occurrence 
of  a  systolic  retraction  instead  of  absence  of  the  heart-beat  to  prove  adhe- 
sions or  until  we  could  distinguish  a  friction-soimd  or  a  variability  in  the 
areas  of  dulness  to  show  the  presence  of  a  pericardial  exudate. 

The  mere  uncovering  of  the  heart  by  retracted,  infiltrated,  or  adherent 
borders  of  the  lung  will  produce  an  enlargement  of  the  area  of  dulness, 
but  this  sign  can  only  be  employed  in  differentiating  adhesions  between 
the  heart  and  the  pericardium  when  the  apex-beat  is  at  the  same  time 
impalpable.  In  such  cases  we  must  take  into  consideration  the  history 
of  the  case,  the  presence  of  a  disease  of  the  lung,  the  altered  mobility 
of  the  heart,  and  all  those  factors  which  we  have  mentioned  above,  in 
speaking  of  cases  of  adhesions  which  are  not  characteristic. 

On  the  whole,  we  may  conclude  that  the  diagnosis  of  this  condition 
constitutes  one  of  the  most  interesting  problems  in  internal  medicine; 
that  it  always  requires  a  very  careful  examination;   that,  possibly  for 
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pericardial  sac,  but  does  not  necessarily  imply  the  existence  of  indurative 
mediastinitis.  Finally,  inasmuch  as  this  peculiarity  of  the  pulse  has  been 
observed  in  cases  of  cardiac  weakness  as  the  result  of  other  diseases,  in 
consequence  of  altered  pressure  in  the  thoracic  cavity,  we  must  say 
that  it  cannot  be  regarded  as  a  perfectly  trustworthy  sign  of  the  condi- 
tion under  discussion.  It  may,  however,  be  considered,  not  only  as  a 
very  prominent  symptom  of  this  disease,  but  also  may  be  an  important 
diagnostic  factor,  inasmuch  as  it  is  not  so  well  marked  in  the  other  con- 
ditions mentioned  above,  which  may  also  give  rise  to  it. 

The  question  has  also  been  raised,  whether  a  jrulsus  paradoxus  may 
not  occur  in  mediastinal  tumors.  I  have  had  occasion  to  see  a  number 
of  such  cases,  but  have  never  observed  this  phenomenon  in  these  patients. 
Theoretically,  no  objection  can  be  made  to  the  possibility  of  the  occur- 
rence of  this  pulse  in  mediastinal  tumors,  for  it  may  be  easily  imagined 
that  a  tumor  may  become  adherent  to  the  aortic  arch  in  such  a  manner 
that  the  depression  of  the  diaphragm  may  produce  the  narrowing  of  the 
aortic  lumen,  just  as  a  corresponding  band  would  do,  provided,  of  course, 
that  the  aortic  arch  is  sufficiently  movable. 

Kussmaul  has  also  observed  another  sign  which  is  intimately  connected 
with  the  pathologic  condition  in  question;   namely,  the  swelling  of  the 
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already  distended  jugular  veins  at  each  inspiration,  and  even  a  recurrent 
wave  in  these  vessels.  This  phenomenon  is  also  evidently  dependent 
on  the  retraction  which  the  vena  cava  or  the  innominate  undergoes  dur- 
ing inspiration  and  the  constriction  of  the  lumen  of  these  vessels  at  that 
moment.  The  occurrence  and  the  distinctness  of  these  phenomena 
are  dependent  upon  the  development  and  arrangement  of  the  adhesions. 

Pins  describes  "a  rare  musical  mediastinal  murmur,"  and  believes 
that  this  occurs  as  the  result  of  an  adhesive  mediastinopericarditis 
through  traction  upon  a  pathologic  band  passing  between  the  aorta 
and  one  of  the  large  bronchi.  It  is  difficult  to  understand  the  origin  (rf 
such  a  sound  in  this  manner,  but  Pins  may  be  right  in  relating  the  phe- 
nomenon in  question  to  the  mediastinal  adhesions;  for  the  murmur  became 
more  distinct  during  inspiration,  and  there  was  paradoxic  pulse.  But 
for  this  very  reason  it  is  far  more  probable  that  the  sound  arose  through 
traction  and  narrowing  at  the  arch  of  the  aorta,  or  possibly  the  left  sub- 
clavian. In  further  observation  of  such  cases  it  will  be  necessary  to  pay 
attention  to  the  occurrence  of  murmurs. 

[Wenckebach*  calls  attention  to  a  sign  that  he  thinks  is  likely  to 
occur  in  all  cases  of  adherent  pericardium  with  adhesion  to  the  diaphragm 
and  chest- wall.  This  is  an  arrest  or  even  retraction  of  the  lower  part 
of  the  sternum  with  its  cartilages  in  inspiration. — Ed.] 

*  "British  Med.  Journal,"  January  12,  1907. 
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the  result  of  the  processes  which  go  on  during  the  agony.  We  can,  there- 
fore, only  employ  the  vague  expression  that  a  larger  amount  of  fluid 
should  be  considered  as  pathologic.  In  this  there  may  be  a  number  of 
degrees,  and  while  we  have  already  spoken  of  the  lower  limit,  the  lai^gest 
amounts  which  have  been  found  exceed  one  liter. 

The  fluid  is  alkaline  in  reaction,  clear  yellow  or  yellowish-green  in 
color,  and  is  scarcely  different  from  those  effusions  which  are  found  as 
transudates  in  other  serous  membranes.  It  contains  a  large  amount 
of  albumin,  and,  according  to  Hammarsten,  contains  more  fibrin  than 
other  transudates.  It  contains  the  ordinary  mineral  salts  and  a  small 
amount  of  urea.  Whether  sugar  is  present  in  it  only  as  an  accidental 
constituent  (Groh4),  or  whether  it  is  generally  found,  must  remain  unde- 
cided for  the  present.  This  is  the  composition  of  the  transudate,  in  the 
majority  of  cases,  but  it  may  be  clouded  through  the  presence  of  cast-off 
endothelia;  it  may  be  colored  red  or  reddish  through  the  admixture  of 
blood-pigment,  and  it  may  contain  here  and  there  isolated  flocculi  of 
fibrin.  Distended  veins  appear  upon  the  pericardium,  especially  on  the 
epicardium,  which  is  generally  pale;  the  subserous  cellular  tissue,  espe- 
cially in  the  grooves  of  the  heart,  is  usually  edematous;  the  fibrous  peri- 
cardium may  become  very  thin  when  there  are  very  large  exudates,  but 
when  the  disease  develops  slowly  and  lasts  for  a  considerable  length  of 
time,  it  may  also  be  considerably  thickened.  In  these  cases  there  may 
also  be  more  or  less  extensive  clouded  patches  on  the  visceral  pericardium, 
giving  it  a  certain  resemblance  to  the  condition  which  we  have  described 
as  the  termination  of  pericarditis  with  the  formation  of  "tendinous 
spots." 

The  large  accumulations  of  fluid  are  undoubtedly  formed  during  life. 
It  is  impossible  to  say  how  many  of  the  smaller  transudates  are  to  be 
placed  to  the  account  of  the  agony,  and  this  is  especially  difficult  because 
no  sjrmptoms  accompany  the  development  of  these  pericardial  transu- 
dates. 

The  heart  muscle  may  remain  entirely  unaffected,  but  it  may  be 
h3rpertrophied  as  the  result  of  the  primary  disease,  or  it  may  be  found 
weak  and  flabby  or  more  intensely  degenerated,  according  to  the  condi- 
tion which  preceded  the  transudation. 

Recklinghausen  foimd  accidentally  in  the  body  of  a  person  who  died 
of  suffocation  about  22  c.c.  of  a  whitish  milky  fluid  which  he,  and  also 
Hasebroeck,  after  a  chemic  analysis,  considered  to  be  chyle.  They 
assumed  that  a  chylous  vessel  had  burst  or  that  a  capillary  transudation 
of  chyle  had  taken  place  as  the  result  of  stasis. 

Hydroi:«rk:ardiuin  Is  not  a  primary,  independent  disease,  but  o<^eur? 
as  a  sequel  of  cither  affection.s.  The  nnnditions  under  whh^h  it  develops 
may  i^e  either  Itx^il  or  general.  The  former  are  present  when  there  Lh 
difficulty  in  the  emptying  of  the  coronary  veins  or  a  great  distention  of 
the  right  auricle  with  iJood  froni  any  cause  w^hatever,  but  especiftllv 
as  a  sec]uel  of  the  various  val\^ular  diseases,  of  affeetions  of  the  w^piratorv 
apparatus,  such  as  emphysema,  induration  of  the  lung,  ete.  F'urtber, 
compre-'^.sion,  either  by  tumors  from  without  or  those  which  arise  froni 
the  heart  musc^le;  through  changes  which  are  produced  by  tuben'ulous 
procesE^es,  and  hnnljy  through  endarteritis  of  the  coronary  arteries  which 
cause  a  defi<'iency  in  the  ms  a  l>ergo. 

Ail  the  causes  which  lead  to  a  general  dropsy,  which  produce  a  chanise 
in  the  mass  of  the  blood  and  a  defective  nutrition  of  the  walls  of  the  blood- 
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are  to  be  heard.  A  careful  history  of  the  case;  a  consideration  of  the 
other  s)nnptoms,  including  the  order  of  their  occurrence,  the  presence 
or  absence  of  fever,  will  all  contribute  to  a  decision.  At  all  events,  the 
further  observation  of  the  patient,  noting  the  course  of  the  disease  and 
the  occurrence  of  friction-sounds  with  diminishing  dulness,  will  lead  to 
differentiation. 

The  distinction  of  pericardial  effusions  from  aneurysms  of  the  aorta, 
from  mediastinal  tumors,  and  from  sacculated  pleuritic  exudates  has 
already  been  discussed  under  the  heading  of  Pericarditis.  The  differen- 
tiation of  hydropericardiumfrom  a  hypertrophic  heart  may  offer  considera- 
ble difficulties  in  those  cases  in  which  the  apex-beat  is  not  perceptible — 
an  event  which  is  rare  enough  in  hypertrophied  heart.  In  these  cases 
we  are  obliged  once  more  to  rely  upon  the  consideration  of  the  accompany- 
ing conditions,  especially  upon  the  examination  of  the  mobility  of  the 
area  of  dulness  in  changes  of  position.  If  the  apex-beat  is  felt  within 
the  limit  of  dulness  when  the  body  is  bent  forward,  we  are  dealing  with 
a  hydropericardium.  Muffled  sounds  indicate  hydropericardimn;  endo- 
cardial murmurs,  hypertrophy  of  the  heart.  If  these  signs  are  negative 
or  uncertain,  then  the  differentiation  cannot  be  made  for  the  moment; 
but  a  clue  may  be  obtained  from  further  observations  when  the  dulness 
rapidly  diminishes,  etc.  Hjrpertrophy  of  the  heart  with  a  simultaneous 
accumulation  of  a  large  amount  of  fluid  cannot  usually  be  diagnosticated. 

The  differentiation  may  be  extremely  difficult  when  there  is  a  markedly 
dilated  right  auricle.  In  a  case  of  this  kind  which  I  observed  a  careful 
consideration  of  all  the  symptoms  and  physical  signs  could  not  lead  to  a 
conclusion,  although  it  was  very  important  to  make  the  diagnosis,  for 
therapeutic  reasons.  The  correctness  of  the  interpretations  of  the  physi- 
cal signs  was  afterward  proved  at  autopsy.  On  account  of  extreme 
dyspnea,  the  question  arose  whether  a  puncture  into  the  sacculated 
effusion,  which  was  probably  present  in  the  pericardial  sac,  might  give 
relief.  In  order  to  decide  this  question  I  undertook  an  exploratory 
puncture  with  a  hypodermic  syringe  and  found  that  there  was  nothing 
but  an  enormously  distended  right  auricle.  The  operation  was  perfectly 
devoid  of  danger,  as  I  had  foreseen,  and  may  be  employed  for  the  differen- 
tiation of  these  two  conditions. 

The  prognosis  of  hydropericardium  must  always  be  considered  as 
unfavorable,  if  only  for  the  reason  that  this  affection  usually  develops 
when  other  severe  diseases  are  already  present.  The  addition  of  a  hydro- 
pericardium must  always  be  regarded  as  an  unfavorable  complication  of 
the  primary  disease.  On  the  other  hand,  there  is  today  a  possibility  of 
improvement,  either  temporary  or  of  some  duration,  even  after  the 
development  of  a  dropsy  of  the  pericardium.  For,  just  as  modem  treat- 
ment has  attacked  and  successfully  combated  accumulations  of  fluid  in 
other  cavities  of  the  body,  so  it  has  also  been  successfully  applied  to  the 
pericardial  cavity. 

In  addition  to  the  primary  disease,  the  prognosis  must  take  into  con- 
sideration chiefly  the  condition  of  the  heart  muscle.  If  we  succeed  in 
improving  this  condition,  then  the  prognosis  of  the  secondary  disease 
becomes  more  favorable. 

The  object  of  treatment  in  hydropericardium  is  to  combat  the  pri- 
mary disease,  after  which  comes  the  treatment  of  the  dropsy.  In  this 
we  must  have  recourse  again  to  all  those  methods  which  I  have  recom- 
mended for  the  absorption  of  chronic  pericardial  exudates.    Besides  milk 
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PNEUHOPERICARDIUH. 

The  rarity  of  an  accumulation  of  air  or  gas  in  the  cavity  of  the  pericar- 
dium may  be  gathered  from  the  fa«t  that,  although  I  have  studiously 
examined  the  enormous  material  of  our  hospital  for  thirty-five  years,  I 
have  never  yet  seen  a  case  of  this  kind,  and  that  my  old  master  Skoda 
had  also  failed  to  find  such  a  case.  I  can,  therefore,  say  only  what  I 
know  from  the  literature,  and  call  attention  to  the  diseases  that  simulate 
the  condition  in  question.     Of  such  cases  I  have  seen  a  sufficient  number. 

As  regards  the  origin  of  pneumopericardium,  it  has  been  for  a  long 
time  believed  that  a  spontaneous  development  of  gas  may  arise  from  a 
purulent  or  gangrenous  exudate,  but  this  question  has  been  widely  dis- 
cussed, and  this  assertion  is  almost  universally  denied  at  present.  The 
circumstance  that  no  opening  outward  and  no  communication  to  a  neigh- 
boring air-space  can  be  found  in  some  instances  speaks  in  favor  of  the  old 
theory,  and  when  a  spontaneous  development  of  gas  may  be  demonstrated 
in  abscess  cavities  and  other  organs  in  which  absolutely  no  communica- 
tion with  air-spaces  can  be  proved, — as,  for  example,  in  the  thyroid 
gland, — then  I  do  not  see  why  this  should  not  be  possible  also  under  simi- 
lar conditions  in  the  cavity  of  the  pericardium. 

It  is  impossible  to  say,  as  yet,  how  much  weight  should  be  placed 
upon  the  fact  that  in  the  few  published  investigations  the  percentage  of 
gases  in  such  cases  was  foimd  to  be  the  same  as  regards  the  relation  of 
oxygen  and  nitrogen  as  that  found  in  the  atmosphere.  Whether  or  not 
this  fact  can  be  employed  in  the  argument  against  the  spontaneous  develop- 
ment of  gases  must  remain  undecided;  for  there  is  a  lack  of  material  for 
observation  that  could  lead  to  a  decision  in  this  question. 

Air  may  also  enter  through  injuries  from  without  which  occur  under 
certain  conditions.  If,  for  example,  a  dagger  is  simply  thrust  into  the 
chest-wall,  no  air  need  enter  into  the  pericardial  cavity.  On  the  other 
hand,  if  its  point  is  moved  in  various  directions  after  it  has  penetrated 
into  the  chest,  then  air  may  also  enter  with  it.  The  process  which  takes 
place  in  these  cases  is  one  of  aspiration,  both  in  virtue  of  the  systolic 
contraction  of  the  heart  and  of  the  constant  efforts  of  the  lung  to  retract. 

The  same  results  may  follow  after  injuries  from  within — that  is,  from 
sharp  objects  which  have  penetrated  into  the  esophagus.  A  ver>'  rare 
occurrence  is  the  bursting  of  a  suppurative  process  within  the  pericar- 
dium into  a  neighboring  pulmonary  cavity.  By  far  the  most  frequent 
event  is  a  perforation  of  an  abscess  in  the  respiratory  organs  into  the 
cavity  of  the  pericardium,  as,  for  example,  the  perforation  of  a  pyopneu- 
mothorax, of  an  ulcerating  cancer  of  the  esophagus,  of  an  ulcer  of  the 
stomach,  or  even  of  an  abscess  of  the  liver,  which,  at  the  same  time,  com- 
municates with  the  stomach.  In  these  perforations  the  air  in  the  pericar- 
dium may  be  under  a  considerable  amount  of  pressure,  so  that  the  walls 
of  this  sac  are  considerably  dilated,  as  is  seen  by  the  fact  that  the  lung  is 
compressed,  the  diaphragm  depressed,  and  the  air  issues  with  a  hissing 
noise  on  puncturing  the  pericardium.  Inasmuch  as  pure  air  does  not 
usually  enter  the  pericardium,  but  bacteria  enter  at  the  same  time,  a 
simple  pneumopericardium  does  not  remain  so  for  a  long  time,  but  soon 
becomes  a  pyopneumopericardium. 

The  symptoms  which  occur  vary  according  to  the  conditions  under 
which  the  air  has  entered  the  pericardial  sac.    The  chief  symptoms  are 
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gentle  percussion — ^for  when  we  percuss  vigorously  we  communicate  the 
vibration  to  the  entire  neighboring  air-space — ^by  the  area  of  dulness  of 
the  heart,  usually  in  an  altered  position.  Palpation  of  the  apex-beat  may 
also  give  a  clue,  especially  in  changes  of  the  patient's  position.  It  is 
also  possible  that  amphoric  breathing  may  be  clearly  heard,  in  addition 
to  the  metallic  heart-sounds.  The  differentiation  can  only  become  diffi- 
cult when  a  pyopneumothorax  develops  from  a  sacculated  pneumothorax. 
In  these  cases  we  are'obliged  again  to  rely  upon  changes  in  position. 

Careful  percussion  will  delineate  the  limits  of  the  cardiac  dulness  when 
a  cavity  is  present  in  the  neighborhood  of  the  heart.  If  the  cavity  is 
suitably  located,  the  well-known  changes  in  the  percussion-note  will  be 
heard,  and,  finally,  the  quality  of  the  r&les  will  be  of  value  in  the  diagnosis. 

When  the  stomach  is  dilated,  the  heart-sounds  may  normally  assume 
a  metallic  tone,  but  this  change  is  only  transient.  The  apex-beat,  the 
position  of  the  heart,  and,  finally,  the  introduction  of  a  stomach-tube 
will  give  sufficient  evidence  for  a  diagnosis. 

As  regards  the  course,  it  is  possible,  and  has  actually  been  seen,  that 
the  pure  air  which  enters  may  become  reabsorbed,  just  as  it  may  disap- 
pear under  similar  conditions  in  pneumothorax.  If  there  is  an  inflamma- 
tion of  the  pericardium,  the  course  may  be  a  very  rapid  one,  but  it  may 
terminate  even  then  by  the  gradual  increase  of  the  exudate,  the  absorp- 
tion of  the  air,  and  thus  the  formation  of  a  chronic  pericarditis  with  exuda- 
tion, which,  in  turn,  may  end  in  recovery.  In  most  instances,  however, 
the  termination  is  unfavorable,  on  account  of  the  primary  disease,  and 
also  on  account  of  the  secondary  changes  described  above. 

The  treatment  will  necessarily  be  directed  toward  the  primary 
disease,  and,  in  general,  will  be  symptomatic.  The  use  of  cold  will  be 
the  most  practical  method  of  relieving  the  subjective  symptoms.  Narco- 
tics should  be  avoided  as  much  as  possible.  When  there  is  severe  dyspnea, 
we  may  be  permitted  to  puncture  the  pericardium  under  the  precautions 
already  described.  If  we  have  reason  to  assume  that  the  exudate  is  de- 
<;omposed,  a  more  extensive  opening  of  the  pericardium  may  be  employed, 
followed  by  antiseptic  treatment  of  this  cavity,  according  to  the  prin- 
ciples of  surgery;  this  is  certainly  permissible  provided  we  take  into  con- 
sideration the  condition  of  the  rest  of  the  body. 


TUBERCULOSIS  OF  THE  PERICARDIUH. 

We  have  already  mentioned  the  fact  that  pericarditis  not  infrequently 
occurs  in  tuberculous  subjects.  This  inflammation  of  the  pericardium 
does  apt  differ  in  any  way  from  the  forms  which  occur  as  the  sequel  of 
other  aiseases,  except  that  the  exudate  is  often  hemorrhagic.  We  have 
now  to  consider  genuine  tuberculosis  of  the  .pericardium.  The  tubercle 
bacilli  doubtless  enter  the  pericardium  from  some  neighboring  structure — 
either  from  the  adjoining  pleura  or  lung,  by  way  of  the  lymphatics,  or 
from  the  glands  of  the  mediastinum.  It  is  possible  that  the  bacilli  may 
spread  from  the  mediastinum  by  way  of  a  direct  perforation,  as  Kast  has 
shown  in  one  case  in  which  the  pus  obtained  from  the  pericardium  by 
puncture  originated  from  the  perforation  of  a  cheesy  mediastinal  gland. 
But  infection  of  the  pericardium  may  also  take  place  by  way  of  the  circu- 
lation, as,  for  example,  in  a  case  in  which  the  infection  came  from  the  lung, 
and  which  I  had  occasion  to  observe  lately.    Here  a  severe  tuberculosis 
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which  has  been  excited  by  it,  and  less  frequently  it  occurs  as  a  sequel  to  a 
chronic  tuberculous  pericarditis. 

Still  another  very  rare  occurrence  is  the  destruction  of  the  superfi- 
cially located  tubercles  and  the  formation  of  ulcers,  such  as  have  been 
observed  by  Eichhorst  in  a  case  of  primary  tuberculosis,  and  in  other 
cases  by  Riegel  and  Orth.  In  the  case  reported  by  Eichhorst  there  was 
a  fatal  hemorrhage  as  the  result  of  such  an  ulceration. 

The  symptoms  of  the  tuberculous  forms  are  the  same  as  those  of 
other  types  of  pericarditis,  but  they  may  be  modified,  according  to  the 
presence  of  a  primary  tuberculous  pericarditis  or  of  an  afiFection  of  the 
pericardium,  in  addition  to  a  tuberculous  inflanmiation  of  the  other  serous 
membranes  (the  so-called  tuberculosis  serosarum),  or  an  involvement  of 
the  pericardium  as  the  complication  of  tuberculosis  of  other  oigans, 
especially  the  lung.  In  these  cases  the  question  is  largely  as  to  what 
stage  of  the  primary  disease  becomes  complicated  with  tuberculous  peri- 
caiSitis.  The  clinical  picture  may  also  be  variously  influenced,  but  the 
characteristic  element  of  pericarditis  will  always  remain  the  same.  As 
the  course  of  the  disease  is  usually  a  protracted  one,  it  may  easily  happen 
that  its  manifestations  may  vary  from  time  to  time.  Thus,  for  example, 
the  friction-sounds  may  disappear  with  the  development  of  a  laiige  amount 
of  fluid,  while  they  may  reappear  when  this  fluid  is  partly  absorbed. 

As  regards  the  diagnosis,  we  can  only  make  out  the  presence  of  a 
pericarditis  from  the  symptoms  present.  The  existence  of  a  tuberculous 
process  elsewhere,  usually  in  the  lung,  does  not  entitle  us  to  assume  that 
the  same  disease  is  present  in  the  pericardium,  any  more  than  we  can  say 
that  the  tuberculous  nature  of  the  affection  is  excluded  in  every  case  of 
pericarditis.  We  know  that  the  disease  may  occur,  in  the  primar}"^  forai, 
or  as  the  sequel  of  a  primary  tuberculous  affection  which  does  not  give 
any  s)nnptoms,  and,  therefore,  we  must  consider  the  question  of  a  tuber- 
culous origin  in  every  case  of  "idiopathic"  pericarditis. 

A  protracted  course  may  point  to  tuberculosis  under  certain  condi- 
tions, but,  as  we  have  already  remarked,  this  is  not  a  positive  criterion, 
for  a  pericarditis  due  to  other  causes  may  also  show  such  a  course.  Only 
a  few  weeks  ago  I  discharged  a  patient  who  showed  friction-sounds  for 
four  months  and  who  developed  dropsy  and  bilateral  pleurisy  in  the 
course  of  the  disease.  Inasmuch  as  all  other  methods  of  examination 
failed  to  determine  the  nature  of  the  disease,  the  fluid  removed  from  the 
pleural  and  abdominal  cavities  on  various  occasions  was  examined  bacter- 
iologically,  but  the  results  were  negative.  You  may  judge  from  this 
the  difficulty  in  this  portion  of  the  diagnosis.  But,  as  the  exploratory 
puncture  of  the  pericardial  sac  is  perfectly  devoid  of  danger,  provided 
it  be  carefully  executed,  this  operation  may  be  employed  for  diagnostic 
purposes  in  such  doubtful  cases. 

The  prognosis  is  always  unfavorable.  The  only  question  is  the  dura- 
tion of  the  disease,  which  may  be  judged  according  to  the  degree  of  the 
various  symptoms. 

The  treatment  must  pursue  the  same  aims  as  that  of  pericarditis. 
The  first  purpose  should  be  to  support  the  strength  of  the  heart  and  of 
the  body  in  general,  and  the  remainder  of  the  treatment  must  needs  be 
purely  symptomatic,  according  to  the  requirements  of  the  indi\ddual 
case.  [See  Riesman,  D.,  "Primary  Tuberculosis  of  the  Pericardium," 
'^American  Journal  of  the  Medical  Sciences,"  July,  1901.  Norris,  G.  W., 
"Tuberculous  Pericarditis,"  ibid.,  July-August,  1904. — Ed.] 
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work  of  heart  per  hour  in  meter- 
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di^nostic    and    prognostic    signi- 
ficance, 462 
disturbance  of,  in  hemisystole,  468 
duration  and  shape  of,  434 
examination  of,  427 
frequency  of,  460 
high,  433 

in  adhesions  between  heart  and  peri- 
cardium, 800 
in  heart  diseases  after  injuries,  754 
in  hydropericardium,  815 
in  paroxysmal  tachycardia,  744 
in  pericarditis,  775 
pathologic  retardation,  462 
production  of,  428 
regular  irregularity  of,  465 
resistance  of,  431 
sign  of  strength  of  heart,  431 
of  weakness  of  heart,  432 
retardation  of,  in  coronary  sclerosis, 
685 
Appetite,  loss  of.  in  endocarditis,  286 
Arhythmia   in   diseases   of  heart  from 

arteriosclerosis,  692 
Arterial  blood-pressure,  470 

walls,  condition  of,  469 
Arteries,  carotid,  sounds  over,  474 
character  of  blood-current  in,  469 
coronary,  of  heart,  occlusion  of,  699 
as    cause    of    insufficiency    of 
heart,  33 
sclerosis  of,  pathologic  anatomy, 
677 
retardation   of    heart-beat   in, 
685 
degree  of  distention  in,  471 
examination  of,  469 
in  cardiac  weakness,  79 
in  insufficiency  of  aortic  valves,  373 


Arteries,  renal,  sclerosis  of,  influence  on 
action  of  heart,  675 
stenosis  of,  as  cause  of  angina  pectoris, 

539 
subclavian,  sounds  over,  474 
tortuosity  of,  469 
velocity  of  blood-current  in,  472 
Arteriosclerosis  as  cause  of  angina  pec- 
toris, 538 
of  diseases  of  heart,  647 
arhythmia  in,  692 
climcal  course,  689 
combination  of  symptoms,  689 
dia^osis,  690 
iodm  preparations  in,  696 
kidneys  in,  682 
mineral  waters  in,  696 
nitroglycerin  in,  697 
pathogenesis  and  pathologic  an- 
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prognosis,  697 
symptoms,  680 

renal,  682 
treatment,  694 
venesection  in,  695 
relation  of  hypertrophy  of  heart  to,  610 
renal,  as  cause  of  diseases  of  heart,  675 
Artery,  mesenteric,  superior,  embolism 
of,  in  tordiac  weakness,  138 
pulmonaiy,  occlusion  of,  as  cause  of 

insufficiency  of  heart,  29 
size  of  pulse  in,  472 
Articular  rheumatism,  acute,  as  cause  of 
pericarditis,  768 
endocarditis  associated  with,  182, 
285 
Asthma,  cardiac,  508 
in  endocarditis,  216 
in  insufficiency,  109 
Atheromatous  degeneration  as  cause  of 

valvular  disease,  310 
Auriculoventricular  bimdle,  459 
Auscultation  in  chronic  myocarditis,  659 
in  valvular  disease,  328 
of  heart,  448 


Back  stroke  of  cardiac  cycle,  336 
Bacteria  in  blood  in  diagnosis  of  endo- 
carditis, 296 
in  endocarditis,  179 
in  skin  in  endocarditis,  284 
Bacterial  emboli  in  kidneys    in   endo- 
carditis, 254 
Ball  thrombi  of  heart  as  cause  of  in- 
sufficiency, 28 
Baths,    carbon    dioxid,    to    strengthen 
heart,  590 
hot-air,  in  dropsy  in  cardiac  weakness, 

169 
in  diseases  of  heart,  558 
in  strengthening  heart,  589 
Irish-Roman,    in    dropsy    in    cardiac 

weakness,  169 
Russian  steam,  in  dropsy  in  cardiac 
weakness,  169 
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Coffee,  effect  of,  on  myocardium,  478 
in  cardiac  insufficiency,  586 
in  diseases  of  heart,  560 
in  treatment  of  cardiac  weakness,  146, 
166 
Cold  in  cardiac  weakness,  167 
Collapse,  systolic  venous,  476 
Congestion,  hepatic,  in  diseases  of  heart, 
521 
hypostatic,  in  cardiac  weakness,  127 
of  kidneys  in  cardiac  weakness,  129 
composition  of  urine  in,  136 
Congestive  dilatation  of  heart,  496 
Contracted  kidney,  cyanotic  in  diseases 

of  heart,  525 
Contractions    of    heart,    alterations    in 
amplitude  of,  in  insufficiency,  68 
in  rhythm  of,  in  insufficiency,  68 
interference  with,  as  cause  of  in- 
sufficiency, 37 
Contusions  of  thorax,  diseases  of  heart 

from,  757 
Conus  arteriosus,  stenosis  of,  664 
Convallaria  in  cardiac  insufficiency,  584 
Cor  bovinum,  787 

Coronary  arteries  of  heart,  occlusion  of, 
699 
as  cause  of  insufficiency  of  heart, 
33 
sclerosis  of,  pathologic  anatomy, 
677 
retardation  of  heart-beat  in,  685 
sclerosis  and  fatty  heart,  symptoms 
alike,  624 
Corrigan's  pulse  in  aortic  insufficiency, 

385. 
Cures,  milk-,  in  diseases  of  heart,  562 

obesity,  effect  of,  on  myocardium,  483 
Cyanosis  in  diseases  of  heart,  515 
Cyanotic  contracted  kidney  in  diseases 
of  heart,  525 
induration  of  kidneys  in  cardiac  weak- 
ness, 129 
(}ycle,  cardiac,  back  stroke,  336 

in  relation  to  sounds  and  murmurs, 
Martin's  schema,  337 
Cysticerci  in  pericardium,  824 


Debilitating  diseases,  chronic,  effect  of, 

on  mjrocfiurdium,  483 
Dechloridration  in  anasarca  in  cardiac 

weakness,  172 
Degeneration,  amyloid,  of  kidneys,  in 
endocarditis,  z95 
atheromatous,   as   cause   of   valvular 

disease,  310 
fatty,  of  myocardium,  500 
granular,  of  myocardium,  500,  501 
hyaline,  of  myocardium,  500.  501 
parenchymatous,  of  myocardium,  500 
Dehio's  myofibrosis,  504 
Delirium  cordis,  73, 465, 700 
Developmental  hypertrophy  of  heart,  714 
prognosis,  718 
treatment,  718 


Diabetes  mellitus  as  cause  of  cardiac 

asthma,  112 
Diarrhea  in  endocarditis,  286 
Diastole,  beginning  of,  in  valvular  diseaae, 

336 
Diastolic  murmur  in  chronic  myocarditis, 
663 
in  mitral  stenosis,  364,  365,  367 
varieties,  365 
Diastolic-presystolic  murmur  in  mitral 

stenosis,  366 
Diathesis,  hemorrhagic,  pericarditis  in, 

770 
Dicrotic  wave  in  aortic  insufficiency,  385 
Diet  in  diseases  of  heart,  558, 561 
in  heart  weakness,  145, 148 
in  profound  cardiac  insufficiency,  560 
Digalen  in  cardiac  insufficiency,  576 
Digestive  organs  in  cardiac  weakness,  137 

in  diseases  of  heart,  520 
Digitalinum   verum   in   insufficiency   of 
heart,  576 
Kiliani  in  cardiac  weakness,  163 
Digitalis,  effect  of,  on  circulation,  576 
efficacy  of,  in  different  forms  of  caidiac 

disease,  580 
in  cardiac  insufficiency,  161,  575 
contraindications,  581 
indications,  579 
substitutes  for,  583 
Digitoxin  in  cardiac  insufficiency,  576, 

583 
Digitoxinum    crystallisatum    Merck    in 

cardiac  disease,  163 
Dilatation  of  heart,  495 
active,  496 

and  pericarditis,  differentiation,  788 
congestive,  496 

from  insufficient  contraction,  496 
in  diagnosis  of  endocarditis,  293, 294 
in  endrocarditis,  221 
in  palpitation  of  heart,  548 
in  valvular  disease,  319 
passive,  496 
various  types,  492 
Diphtheria,  acute  infectious  myocarditis 
in,  633 
symptoms,  635 
Distention,  degree  of,  in  arteries,  471 
Diuretin  in  diseases  of  heart,  570 

in  dropsy  in  cardiac  weakness,  168 
Diverticula  of  pericardium,  767 
Double  murmur  in  aortic  insufficiency, 

384,397 
Dropsy  in  adhesions  between  heart  and 
pericardium,  806 
in  cardiac  weakness,  90, 131 
caffein  in,  167 
calomel  in,  167 
diuretin  in,  168 
heat  in,  168,  169 
hot-air  baths  in,  169 
Irish-Roman  baths  in,  169 
pilocarpin  in,  168 
Kussian  steam  baths  in,  169 
sweating  in,  168 
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Endocarditis,  malignant,  acute,  244 
meningo-encephuitis  in,  260 
murmurs  in  diagnosis  of,  292 
muscles  in,  259,  274 
nephritis  in,  250 
nervous  system  in,  269 
neuralgias  in,  273 
nutrition  in,  288 

opsonin  method  in  diagnosis  of,  290 
organs  of  senses  in,  278 
pathologic  anatomy,  191 
pericarditis  in  diagnosis  of,  294 
polyposa,  191 
prognosis,  296 
pulmonary  inflammation  in,  234 

lesions  of,  234 
pulse  in,  216 

pulsus  celer  in  diagnosis  of,  294 
pustular,  191 
recurrence,  188 
recurrent,  heart  in,  222 

kidneys  in,  258 

symptoms  and  physical  signs,  222 

temperature  in,  224 
respiration  in,  233 
respiratory  organs  in,  233 
rest  in,  299,  304 
rheumatism  in,  261 
septic  infection  in  diagnosis  of,  295 

nephritis  in,  250 
serum-therapy  in,  300 
severe  inflammations  of  skin  in.  283 

of  subcutaneous  tissue  in,  283 
skin  in,  282 

in  diagnosis,  295 
slow  onset.  197 
spinal  cora  in,  261 
spleen  in,  286 
stomach  in,  286 
gvmptoms,  individual,  204 
Teissier's  sign  in,  215 
temperature  in,  204 
treatment,  299 
ulcerating,  191 
uneasiness  of  heart  in,  214 

urirn,"  iru  24h"> 

veiTUcoijsi,  191 

villoma,  \%\ 

^■^isceriil  neuralgias  In*  273 

Westphar^?  pbi^nonienon  in.  272 
Enprgy ,  kinetic,  of  heiirt,  depends  on  its 

Tiiuscuhir  fillers*  l!*i 
EnlarjKwrioTit  of  heart  in  ner^'ous  dJucaseis 
of  heart,  726 

fif  liv^r  in  diseases  of  lieart,  522 
Epigastric  pulsiition,  434 
Epipistrium,  prominence  of,  in  pericar- 

ditia,  77r> 
Epilepsy  in  dif*easca  of  heart,  530 
KrysipelaK  ui;  ciiuse  of  t^ericarditis,  770 
ErythemiL  in  eniiocamitis.  283 
Fr>'throcytes  in  endocarditis,  289 
EKsential  paroxysmal  Lflchycardia,  743 

tachycardia,  402 
Ether  in  Ciirdiac  iar^afRdencyp  586 

in  cardiac  weaknessa,  Itip 


Examination,  anamnesis,  425 

functional,  of  heart,  456 

of  apex-beat,  427 

of  arteries,  469 

of  blood-vessels,  469 

of  heart,  424 
by  cardiography,  435 
by  inspection  and  palpation,  425 

of  patient,  424 

of  veins,  475 
Exercise,  effect  of,  on  myocardium,  480, 
481 

in  cardiac  weakness,  147 

in  diseases  of  heart,  554 

muscular,  in  diseases  of  heart,  563 
Exhausting  diseases,  effect  of,  on  myo- 
cardium, 483 
Eye-srounds,  examination  of,  in  diseases 

of  kidneys  in  diseases  of  heart,  528 
Eyes  in  endocarditis,  278 
in  diagnosis,  295 


Fatigue,  effect  of,  on  myocardium,  498 
Fatty  degeneration  of  heart,  500 
heart,  620 
and  coronary  sclerosis,  symptoms 

ahke,  624 
diagnosis,  625 
muscle-fibers  in,  622 
prognosis,  628 
symptoms,  623 
treatment,  626 
Fear,  cardiac,  531 
Fever  in  endocarditis,  204 

in  pericarditis,  785 
Fibers,  muscle-,  in  fatty  heart,  622 
of  heart,  direct  nutrition,  483 
Fibrinous  pericarditis,  773 

pneumona,     acute     infectious    myo- 
carditis in,  645 
Fluid,  abstraction  of,  by  increasing  quan- 
tity of  urine,  in  diseases  of  heart,  570 
evacuation  of,  in  subcutaneous  edema, 

in  diseases  of  heart,  574 
t  :^.iVL;,Mi  VM.  jLumith  iskin,  in  diseases 

of  heart,  572 
regulating  ingestion  of,  in  diseasci  of 

heart.  567 
removal    of,    from    lympb-aptto»,  in 

discaficsfi  of  heart,  573 
retainetl  in  tissues  in  insufficieney  of 

he^irt.  cxunposition  of,  101 
wittiholding,  in  diseases  of  heart,  50fl 
Fluttering  of  heart,  547 
Food,  iilxsorption  of ,  in  cardiac  weftkofii^ 

Foreign  bodies  in  heart.  756 

in  perk^rdjum,  824 
Fragmentation  of  mvor*xrdmm,  501 
Frequency  of  heart-beat ,  401 
Friction-sound  in   cardiac   insuffitieiMyi 
G2 
in  pericarditis,  779 
over  liver  in  endocarditis,  2S6 
in  diagnosis^  295 
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Heart,  diseases  of,  beer  in,  560 
blood  in,  516  . 
brandy  in,  560 
bronchitis  in,  512 
brown  induration  of  lungs  in,  513 
care  of  skin  in,  558 
catarrh  in,  513 

Cheyne-Stokes  breathing  in,  529 
circulatory  complications,  504 
codein  in,  587 
coffee  as  cause,  620 
coffee  in,  560 

cutaneous  stimulation  in,  588 
cyanosis  in,  515 

cyanotic  contracted  kidney  in,  525 
cyanotic,  general  remarks  on,  551 
diet  in,  558,  561 
digestive  apparatus  in,  520 
diminished    quantity    of  urine    in, 

525 
diseases  of  kidneys  in,  524 
diuretin,  570 
dropsy  in,  519,  520 

calomel  in,  571 
dyspnea  in,  507 

treatment,  515 
edema  in,  519 
efficacy  of  digitalis  in,  580 
enlargement  of  liver  in,  522 
epilepsy  in,  530 
evacuation  of  fluid  in  subcutaneous 

edema  in,  574 
examination  in,  424 
examination  of  eye-grounds  in  dis- 
eases of  kidneys  in,  528 
excretion  of  fluid  through  skin  in,  572 
exercise  and  rest  in,  554 
fear  in,  531 

from  contusions  of  thorax,  757 
from  diseases  of  nerves,  muscles,  and 

bones,  738 
gastrointestinal  symptoms  in,  521 
general  principles  in  treatment,  553 

remarks  on  diagnosis  and  analysis, 
551 
genital  organs  in,  528 
headache  in,  529 
hepatic  congestion  in,  521 
history,  761 
hydremia  in,  519 
hydrothorax  in,  513 
in  beer-drinkers,  607 
in  diseases  of  gastro-intestinal  tract, 
739 

of  liver,  739 
in  dyspepsia,  739 
in  influenza,  653 

symptoms,  654 
in  nephritis,  527,  702 
in  whiskejr-drinkers,  608 
in  wine-drinkers,  607 
infarcts  in  kidneys  in,  528 

J'aundice  in,  523 
:idnejr8  in,  524 
liver  m,  521 
lymph  in,  516 


Heart  treatment,  methods  of  influencing 
metabolism  of  water  in,  566 
milk-cures  in,  562 
mineral  waters  in,  562 
morphin  in,  587 
muscular  exercise  in,  563 
narcotic  remedies  in,  587 
nervous  system  in,  528 
neurasthenia  in,  529 
nutmeg  liver  in,  523 
occurring  after  bodily  exertion, 593 
causes,  594 

circulatory  organs  in,  596 
course,  598 
diagnosis,  599 
prognosis,  601 
symptoms,  595 
treatment,  601 
in  obesity,  620 
of  blood-vessels  of,  502 
pain  in,  532 
plethora  in,  517 
pleural  cavities  in,  573 
pleurisy  in,  514 
possibly  of  reflex  origin,  738 
psychic  symptoms  in,  529 
puncture  of  abdomen  in,  573 
regulating  ingestion  of  liquid  in.  567 
removal  of  fluid  from  lymph  spaces 

in,  573 
respiratory  complications,  504 

treatment  of,  514 
rest  and  exercise  in,  554 
sclerosis  of  renal  arteries  as  cause.  675 
sea-baths  in,  558 
secondary  pneumonia  in,  513 
serous  pneumonia  in,  512 
skin  in,  515 
stenocardia  in,  534.     See  also  Angina 

pectoris. 
sweating  in  treatment  of,  572 
tea  as  cause,  620 
theobromin  in,  570 
tobacco  as  cause,  618 
prognosis,  620 
tobacco  in,  560 

treatment,  general  principles,  553 
urine  in,  5& 
in  chronic  passive  hyperemia  of 
kidneys  m,  526 
venesection  in,  589 
venous  stasis  of  liver  in,  522 
withholding  fluid  in,  566 
disturbances  of,  affecting  valvular  ap- 
paratus and  orifices,  as  cause  of  in- 
sufficiency, 47 
effect  of  excessive  muscular  exertion 

on,  40 
enlargement  of,  in  nervous  diseases  of 

heart,  726 
examination  of,  424 
by  cardiography,  435 
by  inspection  and  palpation,  425 
fatty,  620 

and   coronary   sclerosis,  symptoms 
alike,  624 
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Heart,  size  of,  method  of  determining, 
440 

orthodiagraphy  in  examining,  447 

Rdntgen  rays  m  examining,  447 
soldier's,  599 
stenosis  of,  664 
strength  of,  resistance  of  apex-beat  as 

sign,  431 
strengthening  of,  baths  and  other  hy- 

drotherapeutic  procedures  for,  589 
syphilis  of,  668 

clinical  phenomena,  670 

diagnosis,  671 

prognosis,  673 

treatment,  672 
thrombi  as  cause  of  insufficiency,  28 

ball,  as  cause  of  insufficiency,  2& 

pedunculated,    as   cause   of   insuf- 
ficiency, 28 
tuberculosis  of,  665 
tumors  of,  666 

uneasiness  of,  in  endocarditis,  214 
valve  of,  laceration,  594 
valves   of,  assistance    of   muscles   in 

closure,  321 
valvular    disease    of,   309.    See   also 

vahmlar  disease. 
weakness    of,    18.     See    also    Insuf- 
ficiency of  heart. 
wounds  of,  752 
Heart-beat,    disturbance   of,    in   hemi- 

systole,  468 
duration  and  shape,  434 
examination,  427 
frequency,  460 
high,  433 

in  adhesions  between  heart  and  peri- 
cardium, 800 
in  heart  diseases  after  injuries,  754 
in  hydropericardium,  815 
in  paroxysmal  tachycardia,  744 
in  pericarditis,  775 
patholo^c  retardation,  462 
production,  428 
regular  irregularity,  465 
resistance,  431 

sign  of  strength  of  heart,  431 
of  weakness  of  heart,  432 
retardation  of,  in  coronary  sclerosis, 

685 
Heart-block,  relation  of  Adams-Stokes' 

disease,  686 
Heart-disease  cells,  107 

leukocytes  in  formation  of,  108 
Heart-sounds,  448 
first,  448 

accentuation  of,  452 

reduplication  of,  452 

weakening  of,  452 
in  hydropericardium,  815 
in  nervous  diseases  of  heart,  727 
in  paroxysmal  tachycardia,  744 
loudness  and  quality,  540 
metallic,  in  adhesions  between  heart 

and  pericardium,  806 
quality  and  intensity,  449 


Heart-sounds,  rhythm  of,  452 

second,  448 
aortic,  accentuation  of,  451 
modification  of,  450 
pulmonaiy,  accentuation  of,  450 
quality  of,  451 

splitting  or  reduplication  of,  451 
weakemng  of,  451 

three,  453 

timbre  of,  449 
Heart-strain,  593 

causes,  594 

circulatory  organs  in,  596 

course,  598 

diagnosis,  599 

prognosis,  601 

symptoms,  595 

treatment,  601 
Heart-wall,  extensive  tear  of,  753 
Heat  in  cardiac  weakness,  166 

in  dropsy  in  cardiac  weakness,  168, 169 
Height  of  apex-beat,  433 
Hemisystole,  disturbance  of  heart-beat 

in,  468 
Hemopericardium,  817 
Hemorrhage  from  stomach  and  intestine 
in  cardiac  weakness,  138 

in  wounds  of  heart,  754 

into  lungs  in  cardiac  weakness,  127 

into  skin  in  endocarditis,  282 
in  diagnosis,  295 

of  pelvis  of  kidney  in  endocarditis,  259 
Hemorrhagic  diatliesis,   pericarditiB  in, 
770 

nephritis  in  endocarditis,  258 
Hemosiderin  cells,  109 
Herzfehlerzellen,  107 
•His'  bundle,  459 
History  of  diseases  of  heart,  761 
Hot-air  baths  in  dropsy  in  cardiac  weak- 
ness, 169 
Hum,  venous,  in   aortic    insuffidency, 

387 
Hyaline  dc^neration  of  heart,  500,  501 
Hydremia  in  diseases  of  heart,  519 
Hydrochloric  acid  secretion,  disturbanoe 

of,  in  cardiac  weakness,  138 
Hydropericardium,  813 

apex-beat  in,  815 

diagnosis  of,  815 

dulness  in,  815 

heart-sounds  in,  815 

prognosis,  816 

symptoms  of,  815 

treatment  of,  816 

urine  in,  815 
Hydrops  ex  vacuo  in  pericardium,  816 

pleurse  in  cardiac  weakness,  128 
treatment,  170 
Hydrotherapeutic  methods  to  strengthen 

heart,  589 
Hydrothorax  in  cardiac  weakness,  treat- 
ment, 170 

in  disease  of  heart,  513 
Hyperemia,  chronic  passive,  of  kidneys, 

urine  in,  in  diseases  of  heart,  526 
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InsufRciency    of  heart,    caufies,    infec- 
tious diseases,  35 
interference  with  contraction,  37 
occlusion  of  coronary  arteries,  33 

of  puhnonary  artery,  29 
pedunculated  thrombi,  28 
rapidly  forming  inflammatory  ef- 

lusions  into  pericardium,  26 

relation  of  lungs  to  circulation,  48 

spontaneous  rupture  of  heart,  24 

sudden  relaxation  of  vascular  tone, 

32 

coffee  in,  586 

convallaria  in,  584 

digalen  in,  576 

digitalinum  verum  in,  576 

digitalis  in,  575 

contraindications,  581 
indications,  579 
substitutes  for,  583 

digitoxin  in,  576,  583 

dropsy  in,  (»ffein  in,  167 
calomel  in,  167 
diuretin  in,  168 
heat  in,  168,  169 
hot-air  baths  in,  169 
Irish-Roman  baths  in,  169 

Silocarpin  in,  168 
Lussian  steam  baths  in,  169 

sweating  in,  168 

svmphorol  in,  167 

theobromin  in,  168 

treatment,  167 
ether  in,  586 
extent  of  dulness  in,  56 
functional    and    structural    distur- 
bances in  muscle  responsible  for, 

498 
hydrops  pleurae  in,  treatment,  170 
hydrothorax  in,  treatment,  170 
in  beer-drinkers,  607 

symptoms,  611 
in  diagnosis  of  endocarditis,  292 
in  endocarditis,  215 
in  whiskey-drinkers,  608 
in  wine-drinkers,  607 
insomnia  in,  chloral  hydrate  in,  172 

chloralformamid  in,  172 

morphin  in,  172 

treatment,  172 
moschus  in,  585 
musk  in,  585 
of  left  ventricle,  494 
of  nervous  origin,  728 
of  portion,  immediate  effect,  494 
percussion  in,  60 
profound,  diet  in,  560 
resistance  of  apex-beat  as  sign  of, 

432 
ri^ht,  494 
scilla  in,  584 
serous  pliethora  from,  90 
spartein  in,  584 
strophanthin  in,  583 
strychnin  in,  584 
symptoms,  52 


Insufficiency  of   heart,  symptoms,  ab* 

normal  sounds,  61 
absorption  of  food,  138 
albumin  in  intestine,  138 
albuminuria,  130 
alterations  in  rhythm  and  ampli* 

tude  of  contractions,  68 
anadicrotism,  84 
arteries,  79 
asthma,  109 

bile-pigments  in  urine  in,  130 
blood,  90 
blood-vessels,  78 
bronchi,  104 
bronchial  catarrh,  106 
brown  induration  of  lungs,  126, 127 
capillaries,  79 
cardiac  dyspnea,  109 
catarrh  of  stomach  and  intestine, 

138 
cerebral,  141 

clumges  in  valves  and  orifices,  61 
composition  of  fluids  retained  in 

tissues,  101 
congestion  of  kidn^,  129 

composition  of  urine  in,  136 
cyanotic  induration  of  kidneys, 

129 
difficult  breathing,  109 
digestive  organs,  137 
disturbance  of  hydrochloric  acid 
secretion,  138 

of  respiration,  109 
dropsy,  90,  131 
dyspepsia,  137 
dyspnea,  109 
.  embolism  of  superior  mesenteric 

artery,  138 
emphysema.  127 
formation  of  bile,  140 
friction  sounds,  62 
gallop  rhythm,  66 

prognostic  significance,  67 
glycogen  in  liver,  140 
heart  itself,  55 
hemorrhage  into  lungs,  127 
hydrops  peurse,  128 
h^ostatic  congestion,  127 
in<uvidual,  55 
intestine,  137 
kidneys,  129 
liver,  137 
lungs.  104 
lymph,  90 
metabolism,  142 
mitral  bronchitis,  106 
murmurs,  62 
nervous  system,  141 
nitrogen  metabolism,  143 
pathologic  venous  pulse,  85 
physiologic  venous  pulse,  81 
pleura,  128 
pneumonia,  127 
pulmonary  distention,  127 

rigidity,  125 

swelling,  124 
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Lungs,  diseases  of,  changes  in  heart  action 
due  to,  704 
prognosis,  708 
treatment,  707 
hemorrhage  into,  in  cardiac  weakness, 

127 
in  cardiac  weakness,  104 
in  paroxysmal  tachycardia,  745 
inflammatory  processes  in,  in  paroxys- 
mal tachycardia,  746 
relation  of,  to  circulation,   in  insuf- 
ficiency of  heart,  48 
L^rmph  in  cardiac  weakness,  90 

in  diseases  of  heart,  516 
Lymph-spaces,  removal  of  fluid  from,  in 
diseases  of  heart,  573 


MACULiE  tendinese,  768 

Malaria,  acute  primary  myocarditis  in, 

647 
Malignant  endocarditis,  acute,  244 
Martins'  schema  of  cardiac  cycle  in  re- 
lation to  sounds  and  murmurs,  337 
Massage,  muscle,  in  treatment  of  heart 

weakness,  160 
Measles,  acute  infectious  myocarditis  in, 
642,644 
as  cause  of  pericarditis,  770 
Mechanic  influences,  effect  of,  on  myo- 
cardium, 479 
Mediastinal  murmur,  812 

tumors  and  pericarditis,  differentiation, 
788 
Mediastinopericarditis,  condition  of  heart 
muscle  after,  708 
indurative,  810 
cardiolysis  in,  813 
course  of,  813 
pulsus  paradoxus  in,  811 
symptoms  of,  811 
treatment  of,  813 
veins  of  neck  in,  812 
Medicolegal  significance  of  heart  distur- 
bances due  to  injur]^,  759 
Meningo-encephalitis  in  endocarditis,  260 
Mesenteric  artery,  superior,  embolism  of, 

in  cardiac  weakness,  138 
Metabolism    in   cardiac   weakness,    142 
nitrogen,  in  cardiac  weakness,  143 
of  water,  methods  of  influencing,  in 
diseases  of  heart,  566 
Metallic  heart-sounds  in  adhesions  be- 
tween heart  and  pericardium,  806 
Milk-cures  in  diseases  of  heart,  562 
Mineral  springs,  treatment  at,  effect  on 
myocardium,  483 
waters  in  diseases  of  heart,  562 
from  arteriosclerosis,  696 
Mitral  bronchitis,  106 
insuflficiency,  324,  342 
anatomy,  348 

and  chlorosis,  differentiation,  353 
diagnosis,  353 

differential,  353 
endocarditis  in  diagnosis,  355 


Mitral  insufiSciency,  murmurs  in  diag- 
nosis, 354 
pulse  in,  348 
st^osis,  357 

anatomic  considerations,  3d2 

diagnosis,  367 

diastolic  murmur  in,  364, 365, 367 

varieties,  365 
diastolic-presystolic  murmur  in,  365 
presystohc  murmur  in,  365, 366 
prognosis,  370 
treatment,  370 
valve,  closure,  assistance  of  muscles, 
324 
lesions,  prognosis,  370 
Morp>hin  in  diseases  of  heart,  587 

in  insomnia  in  cardiac  weakness,  172 
Moschus  in  cardiac  insufficiency,  585 
Murmur,  diastolic,  in  chronic  myocarditis, 
663 
in  mitral  stenosis,  364, 365, 367 
varieties,  365 
diastolic-presystolic,  in  mitral  stenosis, 

366 
double,  in  aortic  insufificien<^,  384, 397 
Duroziez's  in  aortic  insufiiciency,  384, 

397 
endocardial,  and  pericardial  murmurs, 

differences  between,  781 
heart,  454 
accidental,  455 
anemic,  455 
in  aortic  insufficiency,  380 

stenosis,  405 
in  cardiac  insufficiency,  62 
in  diagnosis  of  endocarditis,  292 

of  mitral  insufficiency,  354 
in  tricuspid  stenosis,  414 
mediastinal,  812 
pericardial,  and  endocardial  murmurs, 

differences  between,  781 
presystolic,  in  mitral  stenosis,  365, 366 
systolic,  in  aortic  stenosis,  405 
in  tricuspid  insufficiency,  413 
Muscle,  heart.    See  Myocardium. 
massage  in  treatment  of  cardiac  weak- 
ness, 160 
Muscle-fibers  in  fatty  heart,  622 
necrosis  of,  502 
of  heart,  direct  nutrition,  483 
protoplasmic  spindle  surrounding  nu- 
cleus of,  501 
Muscles,  assistance  of,  in  closure  of  valves 
of  heart,  325 
diseases  of,  heart  disease  from,  738 
in  endocarditis,  259,  274 
Muscular    diseases   of    heart,    etiology, 
general,  476 
exercise  in  diseases  of  heart,  563 
exertion,     cardiac     hypertrophy    at- 
tributed to,  602 
excessive,  effect  of,  on  heart,  40 
Musk  in  cardiac  insufficiency,  585 
Myocarditis,  acute  infectious,  in   diph- 
theria, 633 
B3rmptoms,  635 
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Nervous  system  in  cardiac  weakness,  141 
diseases  of  heart,  528 
in  endocarditis,  259 
of  heart,  diseases  of,  736 
Neuralgias  in  endocarditis,  273 
visceral,  in  endocarditis,  273 
Neurasthenia  in  diseases  of  heart,  529 
Neuroses,  vagus,  737,  749 
New-growths  of  pericardium,  823 
Nitrogen  metabolism  in  cardiac  weak- 
ness, 143 
Nitroglycerin  in  diseases  of  heart  from 

arteriosclerosis,  697 
Nonnensausen,  387 

Nucleus  of  myocardiiun,   altered   shape 
of,  501 
changes  in,  501 
Nutmeg  liver  in  diseases  of  heart,  523 
Nutrition,    direct,    of    muscle-fibers    of 
heart,  483 
in  endocarditis,  288 
in  treatment  of  cardiac  weakness,  145 


Obesity  cures,  effect  of,  on  myocardium, 
483 
heart  symptoms  and  heart  diseases  oc- 
curring m,  620 
Occlusion  of  coronary  arteries,  699 

as  cause  of  insufficiency  of  heart, 
33 
of  pulmonary  artery  as  cause  of  in- 
sufficiency of  heart,  29 
Oertel's  treatment  of  cardiac  weakness, 

148 
Opsonin  method  of  diagnosis  in  endocar- 
ditis, 290 
Orifices  of  heart,  stenoses  of,  valvular 

disease  in,  313 
Orthodiagraphy   in   examining   size   of 

heart,  447 
Overdistention  of  heart,  499 
Overexertion,  hypertrophy  of  heart  at- 
tributed to,  602 
of  heart,  499,  593 
causes,  594 

circulatory  organ  in,  596 
course,  598 
diagnosis,  599 
prognosis,  601 
symptoms,  595 
treatment,  601 


Pain,  cardiac.  532 

in  nervous  diseases  of  heart,  724 
in  pericarditis,  786 
Palpation  and  inspection  of  heart,  425 

in  valvular  disease,  328 
Palpitation  of  heart,  546 

abnormal    irritability    of    sensory 

nerves  in,  549 
as  cause  of  hypertrophy,  550 
dilatation  of  heart  in,  548 
in  nervous  diseases  of  heart,  722 
in  pericarditis,  786 


Palpitation  of  heart,  prognosis,  550 
systole  in,  549 
treatment,  550 
Pancarditis,  56,  177 

Paracentesis  of    pericardium   in    peri- 
carditis, 793 
Pararhythmia,  465 
Parasites  of  myocardium,  666 
Parenchymatous  degeneration  of  myo- 
cardium, 500 
Paroxysmal  tachycardia,  743 
apex-beat  in,  744 
diagnosis,  751 
disturbances  of  abdominal  orgaoB  in, 

747 
essential,  743 

exciting  cause  of  attack,  747 
heart  action  in,  744 
heart-sounds  in,  744 
inflammatory  processes  in  lungs  in, 

746 
lungs  in,  745 
prognosis,  751 

relation  of,  to  nervous  influences,  748 
stasis  in  systemic  veins  in,  745 
treatment,  751 
urine  in,  746 
Pathologic  venous  pulse  in  cardiac  weak- 
ness, 85 
Pedunculated  thrombi  of  heart  as  cause 

of  insufficiency,  28 
Pelvis  of  kidney,  hemorrhage  of,  in  endo- 
carditis, 259 
Percussion  in  insufficiencnr  of  heart,  60 
in  valvular  disease,  328,  338 
of  heart,  438 
utilizing  sense  of  resistance,  445 
Pericardial    murmurs    and    endocardial 
murmurs,  differences  between,  781 
rub,  779 
Pericarditis,  767 
abscess  of  liver  as  cause  of,  771 
acute  articular  rheumatism  as  cause, 

768 
and  aneurysm  of  aorta,  differentiation, 

788 
and  dilatation  of  heart,  differentiation, 

788 
and  mediastinal  tumors ,  differentiation , 

788 
and  pleuritic  exudate,  differentiation, 

788 
aneuiTsm  of  aorta  as  cause,  770 
apex-beat  in,  775 
Bright's  disease  as  cause  of,  770 
caries  of  sternum,  ribs,  and  vertebras  as 

cause  of,  770 
causes  of,  767 
course  of,  789 
diagnosis  of,  787 

differential,  788 
dry,  773 
dulness  in,  787 
duration  of,  789 
effect  on  respiration,  785 
endocarditis  as  cause  of,  770 
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Stenosis,  tricuspid,  414 

murmurs  in,  414 
Sternum,  caries  of,  as  cause  of  pericarditis, 

770 
Stimulation,   cutaneous,  in  diseases   of 

heart,  588 
Stokes-Adams'  disease,  685 
causes,  686 
diagnosis,  687 
pathogenesis,  685 
prognosis,  688 

relation  of,  to  heart-block,  686 
treatment,  688 
Stomach,  catarrh  of,  in  cardiac  weakness, 
138 
hemorrhage  from,  in  cardiac  weakness, 

138 
in  cardiac  weakness,  137 
in  endocarditis,  286 
ulcer  of,  as  cause  of  pericarditis,  771 
Strophanthin  in  cardiac  insufficiency,  583 
Strophanthus  in  cardiac  weakness,  165 
Stiychnin  in  cardiac  insufficiency,  584 
Subclavian  arteries,  sounds  over,  474 
Subcutaneous  edema,  evacuation  of  fluid 
in,  in  diseases  of  heart,  574 
tissue,  severe  inflammations  of,  in  endo- 
carditis, 283 
Sweating  in  dropsy  in  cardiac  weakness, 
168 
in  treatment  of  diseases  of  heart,  572 
Swelling,  pulmonary,  in  cardiac  weak- 
ness, 124 
Symphoral  in  dropsy  in  cardiac  weakness, 

Syndrome,  Pick's,  806 
Syphilis  of  heart,  668 

clinical  phenomena,  670 
diagnosis,  671 
prognosis,  673 
treatment,  672 
of  pericardium,  823 
relation  of,  to  angina  pectoris,  538 
Systemic  veins,  stasis  in,  in  paroxysmal 

tachycardia,  745 
Systole  in  pali)itation  of  heart,  549 
of  left  ventricle,  period  of  closure,  335 
period  of  expulsion,  335 
periods,  335 
Systolic  murmur  in  aortic  stenosis,  405 
in  tricuspid  insufficiency,  413 
retraction  m  adhesions  between  heart 

and  pericardium,  801 
venous  collapse,  476 


Tachycardia,  461 

diagnostic  and  prognostic  significanoe, 

462 
essential,  462 

in  nervous  diseases  of  heart,  725 
paroxysmal,  743 

apex-beat  in,  744 

diagnosis  of,  751 

disturbances  of  abdominal  organs  in, 
747 


Tachycardia,  paroxsrsmal,  essential,  743 
exciting  cause  of  attack,  747 
heart  action  in,  744 
heart-sounds  in,  744 
inflammatory  processes  in  lungs  in. 

746 
lungs  in,  745 
prognosis  of,  751 

relation  of,  to  nervous  influences,  748 
stasis  in  systemic  veins  in,  745 
treatment  of,  751 
urine  in,  746 
Tardy  pulse,  474 

Tea  as  cause  of  heart  disease,  620 
in  treatment  of  cardiac  weakness,  146, 
166 
Teissier's  sign  in  endocarditis,  215 
Temperature,  behavior  of,  in  diagnosis  of 
endocarditis,  291 
in  cardiac  weakness,  142 
in  endocarditis,  204 
in  recurrent  endocarditis,  224 
Tendinous  spots,  773 
Terraincur  in  caitliac  weakness,  155 
Theobromin  in  diseases  of  heart,  570 
in  dropsy  in  cardiac  weakness,  168 
Thorax,  contusions  of,  diseases  of  heart 

from,  757 
Thrombi,  formation  of,  in  valvular  dis- 
ease, 312 
of  heart  as  cause  of  insufficiency,  28 
ball,  as  cause  of  insufficiency,  28 
pedunculated,   as    cause   of  insuf- 
ficiency, 28 
Timbre  of  heart-sounds,  449 
Tissue-juices  in  cardiac  weakness,  90 
Tobacco  as  cause  of  heart  disease,  618 
prognosis,  620 
of  toxic  angina  pectoris,  541 
in  diseases  of  beart,  560 
prohibited  in  cardiac  weakness,  146 
Tone,  vascular,  relaxation  of,  as  cause  of 

insufficiency  of  heart,  32 
Tonsillitis,   ^ngrenous,   acute  primary 

myocarditis  alter,  647 
Tortuosity  of  arteries,  469 
Toxic  angina  pectoris,  541 

tobacco  as  cause,  541 
Toxicosis  in  cardiac  weakness,  132 
Transudation  in  pleura  in  cardiac  weak- 
ness, 128 
Trichins  in  pericardium,  824 
Tricuspid  insufficiency,  322,324,412 
diagnosis,  413 

differential,  413 
prognosis,  414 
systolic  murmur  in,  413 
stenosis,  414 

murmurs  in,  414 
valve,  closure,  assistance  of  muscles, 
322 
Tube-casts,  urinary,  in  cardiac  weakness, 

130 
Tuberculosis,  diseases  of  heart  muscle  in, 
665 
of  pericardium,  820 
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Veins  of  neck  in  adhesions  between  heart 
and  pericardium,  805 
in  indurative  mediastinopericarditis, 
812 
systemic,    stasis    in,    in    paroxysmal 
tachycardia.  745 
Velocity  of  blooa-current  in  arteries,  472 
Venesection  in  cardiac  weakness,  172 
in  diseases  of  heart,  589 

from  arteriosclerosis,  695 
Venous  collapse,  systolic,  476 
hum  in  aortic  insufficiency,  387 
pulse,  negative,  476 
pathologic,  in  cardiac  weakness,  81 
ph^rsiologic,  in  cardiac  weakness,  81 
positive,  476 
stasis  of  liver  in  diseases  of  heart,  522 
Ventricle,  left,  insufficiency  of,  494 
systole  of,  period  of  closure,  335 
of  expulsion,  335 
periods,  335 
Verrucous  endocarditis,  191 
Vertebrse,  caries  of,  as  cause  of  pericar- 
ditis, 770 
Visceral  neuralgias  in  endocarditis,  273 
Volumen  auctum  of  lunzs  as  cause  of 
diminution  in  size  of  absolute  cardiac 
dulness,  443 


von  Basch's  instrument  for  determining 
blood-pressure,  470 


Water,  metabolism  of,  methods  of  in- 
fluencing, in  diseases  of  heart,  566 
mineral,  in  diseases  of  heart,  562 

Water-hammer    pulse   in   aortic   insuf- 
ficiency, 385 

Weakening  of  first  heart-sounds,  452 
of  second  heart-sound,  451 

Weakness  of  heart,   18.    See  also  /»- 
sufficiency  of  heart 
of  myocardium   after   infectious  dis- 
eases, 482 

Westphal's  phenomenon  in  endocarditis, 
272 

Whiskey-drinkers,  diseases  of  heart  in, 
608 

Whooping-cough,  hyi)ertrophy  of  myo- 
cardium after,  705 

Wine  in  cardiac  weakness,  166,  586 
in  diseases  of  heart,  560 

Wine-drinkers,  diseases  of  heart  in,  607 
hypertrophy  of  heart  in,  608 

Wounds  of  heart,  752 
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and  for  Clinical  Diagnosis  by  Laboratory  Methods.  By  Frank  B. 
Mallory,  M.  D.,  Associate  Professor  of  Pathology,  Harvard  Univer- 
sity ;  and  James  H.  Wright,  M.  D.,  Director  of  the  Clinico-Pathologic 
Laboratories,  Massachusetts  General  Hospital.  Octavo  of  469  pages, 
with  138  illustrations.     Cloth,  ^3.00  net. 

WITH  CHAPTERS  ON  POST-MORTCM  TECHNIQUE  AND  AUTOPSIES 

In  revising  the  book  for  the  new  edition  the  authors  have  kept  in  view  the 
needs  of  the  laboratory  worker,  whether  student,  practitioner,  or  pathologist,  for 
a  practical  manual  of  histologic  and  bacteriologic  methods  in  the  study  of  patho- 
logic material.  Many  parts  have  been  rewritten,  many  new  methods  have  been 
added,  and  the  number  of  illustrations  has  been  considerably  increased.  Among 
the  many  changes  and  additions  may  be  mentioned  the  amplification  of  the  de- 
scription of  the  Parasite  of  Actinomycosis  and  the  insertion  of  descriptions  of  the 
Bacillus  of  Bubonic  Plague,  of  the  Parasite  of  Mycetoma,  and  Wright's  methods 
for  the  cultivation  of  Anaerobic  Bacteria.  There  have  also  been  added  new 
staining  methods  for  elastic  tissue  by  Weigert,  for  bone  by  Schmorl,  and  for  con- 
nective tissue  by  Mallory.  The  new  edition  of  this  valuable  work  keeps  pace 
with  the  great  advances  made  in  pathology,  and  will  continue  to  be  a  most  useful 
laboratory  and  post-mortem  guide,  full  of  practical  information. 


PERSONAL  AND  PRESS  OPINIONS 


Wm.  H.Welch.  M.D.. 

Professor  0/  Pathology,  Johns  Hopkins  University,  Baltimore. 

"  I  have  been  looking  forward  to  the  publication  of  this  book,  and  I  am  glad  to  say  that  I 
find  it  a  most  useful  laboratory  and  post-mortem  guide,  full  of  practical  information  and  well 
up  to  dale." 

Boston  Medical  and  Sur^kai  Journal 

*'  This  manual,  since  its  first  appearance,  has  been  recognized  as  the  standard  guide  in  patho- 
logical technique,  and  has  become  well-nigh  indispensable  to  the  laboratory  worker." 

Journal  of  the  American  Medical  Association 

"  One  of  the  most  complete  works  on  the  subject,  and  one  which  should  be  in  the  library 
of  every  physician  who  hopes  to  keep  pace  with  the  great  advances  made  in  pathology." 


lo  SAUNDERS'    BOOKS   ON 

Mcrarland's 
Pathogenic 


The  New  (5th)  Edition,  Revised 


A  Text-Book  Upon  the  Pathogenic  Bacteria.  By  Joseph  McFar- 
LAND,  M.  D.,  Professor  of  Pathology  and  Bacteriology  in  the  Medico- 
Chirurgical  College  of  Philadelphia,  Pathologist  to  the  Medico-Chirur- 
gical  Hospital,  Philadelphia,  etc.  Octavo  volume  of  647  pages,  finely 
illustrated.    Cloth,  ^3.50  net 

JUST  ISSUED 

This  book  gives  a  concise  account  of  the  technical  procedures  necessary  in  the 
study  of  bacteriology,  a  brief  description  of  the  life-history  of  the  important  patho- 
genic bacteria,  and  sufficient  description  of  the  pathologic  lesions  accompanying 
the  micro-organismal  invasions  to  give  an  idea  of  the  origin  of  symptoms  and  the 
causes  of  death.  The  illustrations  are  mainly  reproductions  of  tr  e  best  the  world 
affords,  and  are  beautifully  executed.  In  this  edition  the  entire  work  has  been 
practically  rewritten,  old  matter  eliminated,  and  much  new  matter  inserted. 

H.  D«  Andmon*  nt.  D** 

Professor  of  Pathology  and  Bacteriology,  Trinity  Medical  College,  Toronto, 
"  The  book  is  a  satisfactory  one,  and  I  shall  take  pleasure  in  recommending  it  to  the  students 
of  Trinity  College." 

The  Lancet,  London 

"  It  is  excellently  adapted  for  the  medical  students  and  practitioners  for  whom  it  is  avowedly 
written.  .  .  .  The  descriptions  given  are  accurate  and  readable." 


Hiirs  Histolo^  and  Organo^aphy 

A  Manual  of  Histology  and  Organography.  By  Charles  Hill, 
M.  D.,  Professor  of  Histology  and  Embryology.  Northwestern  Univer- 
sity, Chicago.  i2mo  of  463  pages,  313  illustrations.  Flexible  leather, 
$2,00  net. 

RECENTLY  ISSUED 

Dr.  Hill's  fifteen  years*  experience  as  a  teacher  of  histology  has  enabled  him  to 
present  a  work  characterized  by  clearness  and  brevity  of  style  and  a  completeness 
of  discussion  rarely  met  in  a  book  of  its  pretensions.  Particular  consideration  is 
given  the  mouth  and  teeth  ;  and  illustrations  ai;e  most  freely  used. 


SAUNDERS'    BOOKS  ON 


Dtirck  and  Hektoen's 

Special   Pathologic   Histolo^ 

Atlas  and  Epitome  of  Special  Pattiolof^ic  Histology.    By  Dr.  H. 

DuRCK,  of  Munich.  Edited,  with  additions,  by  Ludvig  Hektoen,  M.  D., 
Professor  of  Pathology,  Rush  Medical  College,  Chicago.  In  two  parts. 
Part  I. — Circulatory,  Respiratory,  and  Gastro-intestinal  Tracts.  120 
colored  figures  on  62  plates,  and  158  pages  of  text.  Part  II. — Liver, 
Urinary  and  Sexual  Organs,  Nervous  System,  Skin,  Muscles,  and 
Bones.  123  colored  figures  on  60  plates,  and  192  pages  of  text.  Per 
part :  Cloth,  $3.00  net.     In  Saunders'  Hafid-Atlas  Series, 

The  great  value  of  these  plates  is  that  they  represent  in  the  exact  colors  the  effect 
of  the  stains,  which  is  of  such  great  importance  for  the  differentiation  of  tissue. 
The  text  portion  of  the  book  is  admirable,  and,  while  brief,  it  is  entirely  satisfac- 
tory in  that  the  leading  facts  are  stated,  and  so  stated  that  the  reader  feels  he  has 
grasped  the  subject  extensively. 

WUliam  H.  Welch*  M.  D., 

Professor  of  Pathology^  Johns  Hopkins  University,  Baltimore. 

"  I  consider  Diirck's  '  Atlas  of  Special  Pathologic  Histology.'  edited  by  Hektoen,  a  very 
useful  book  for  students  and  others.     The  plates  are  admirable." 

Sobotta  and  Huber's 
Human  Histology 

Atlas  and  Epitome  of  Human  Histology.  By  Privatdocekt  Dr. 
J.  Sobotta,  of  Wiirzburg.  Edited,  with  additions,  by  G.  Carl  Huber, 
M.  D.,  Professor  of  Histology  and  Embryology  in  the  University  of 
Michigan,  Ann  Arbor.  With  214  colored  figures  on  80  plates,  68 
text-illustrations,  and  248  pages  of  text.  Cloth,  ^14.50  net.  In 
Saunders*  Hand- Atlas  Series, 

INCLUDING  MICROSCOPIC  ANATOMY 

The  work  combines  an  abundance  of  well-chosen  and  most  accurate  illustra- 
tions, with  a  concise  text,  and  in  such  a  manner  as  to  make  it  both  atlas  and  text- 
book. The  great  majority  of  the  illustrations  were  made  from  sections  prepared 
from  human  tissues,  and  always  from  fresh  and  in  every  respect  normal  specimens. 
The  colored  lithographic  plates  have  been  produced  with  the  aid  of  over  thirty  colors. 

Boston  Medical  and  Sur((ical  Journal 

"In  color  and  proportion  they  are  characterized  by  gratifying  accuracy  and  lithographic 
beauty." 


i6  BACTERIOLOGY,  PHYSIOLOGY,  AND  HISTOLOGY, 

Ball's    BacteriolO^  lUcentlx  Iitued-rifth  Edition.  Reviled 

Essentials  of  Bacteriology  ;  being  a  concise  and  systematic  intro- 
duction to  the  Study  of  Micro-organisms.  By  M.  V.  Ball,  M.  D.,  Late 
Bacteriologist  to  St.  Agnes'  Hospital,  Philadelphia.  i2mo  of  236  pages, 
with  96  illustrations,  some  in  colors,  and  5  plates.  Cloth,  |i.oo  net.  In 
Saunders^  Question-  Compend  Series, 

"  The  technic  with  regard  to  media,  staining,  mounting,  and  the  like  is  culled  from  the 
latest  authoritative  worics." — Tk€  Medical  Times,  New  York. 

««      «  •      «^«         •    •  Recently  Iiiwftd 

Budgett's  Physiolo|(y  New  (2d)  edition 

Essentials  of  Physiology.  Prepared  especially  for  Students  of  Medi- 
cine, and  arranged  with  questions  following  each  chapter.  By  Sidney 
P.  Budgett,  M.  D.,  Professor  of  Physiology,  Medical  Department  of 
Washington  University,  St.  Louis.  i6mo  volume  of  233  pages,  finely 
illustrated  with  many  full-page  half-tones.  Cloth,  ^i.oo  net.  In 
Saunders^  Question- Compend  Series, 

"He  has  an  excellent  conception  of  his  subject.  .  .  It  is  one  of  the  most  satisiiKtcrj 
books  of  this  class" — University  0/  Pennsylvania  Medical  Bulletin, 
V  ,„.,,,  Recently  bsued 

LerO>rS    HlStolO^  New  (3d)  Edition 

Essentials  of  Histology.     By  Louis  Leroy,  M.  D.,  Professor  of 

Histology  and  Pathology,  Vanderbilt  University,  Nashville,  Tennessee. 

i2mo,  263  pages,  with  92  origiifal  illustrations.     Cloth,  {i.oo  net.     In 

Saunders'  Question- Compend  Series. 

"The  work  in  its  present  form  stands  as  a  model  of  what  a  student's  aid  should  be ;  and 
we  unhesitatingly  say  that  the  practitioner  as  well  would  find  a  glance  through  the  book 
of  lasting  benefit." — The  Medical  World,  Philadelphia. 

Bastin's  Botany 

Laboratory  ExERasES  in  Botany.  By  the  late  Edson  S.  Bastin, 
M.  a.     Octavo,  536  pages,  with  87  plates.     Cloth,  |2.oo  net. 

Barton  and  Wells'  Medical  Thesaurus 

A  Thesaurus  of  Medical  Words  and  Phrases.  By  Wilfred  M. 
Barton,  M.  D.,  Assistant  Professor  of  Materia  Medica  and  Therapeutics, 
and  Walter  A.  Wells,  M.D.,  Demonstrator  of  Laryngology,  Georgetown 
University,  Washington,  D.  C.  i2mo,  534  pages.  Flexible  leather, 
^2.50  net;  thumb  indexed,  ^3.00  net. 
A  •  n       fl      ^    vx*    ^*  V^^  Reviled  Edtlion 

American  Pocket  Dictionary  jwt  i»ued 

Borland's  Pocket  Medical  Dictionary.  Edited  by  W.  A.  New- 
man Borland,  M.  D.,  Assistant  Obstetrician  to  the  Hospital  of  the 
University  of  Pennsylvania.  Containing  the  pronunciation  and  defini- 
tion of  the  principal  words  used  in  medicine  and  kindred  sciences,  with 
64  extensive  tables.  Handsomely  bound  in  flexible  leather,  with  gold 
edges,  ^i.oo  net ;  with  patent  thumb  index,  $1.25  net. 

"  I  can  recommend  it  to  our  students  without  reeerve." — ^J.  H.  HOLLAND,  M.  D., 
§ft/u  Jefferson  Medical  College,  Philadelphia. 


